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A Unified Gas Chromatography Method for
Aromatic Solvent Analysis
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Abstract

A single, easy-to-use GC method for aromatic solvent
purity analysis is described that meets the chromato-
graphic requirements of ten separate ASTM methods.
This method can be used to obtain identical results on
both the Agilent 6890 and 6850 Series Gas Chro-
matographs designed for the method development lab and
the routine production lab respectively. Reproducibility of
results between instruments, between labs, and over time
are further improved by applying the technique of reten-
tion time locking to this unified method.

Introduction

The producers and users of many aromatic hydro-
carbons evaluate the product quality by measuring
the purity of the material along with specific conta-
minants. For these types of measurements the most
commonly used analysis technique is gas chro-
matography (GC). In an effort to standardize analy-
sis procedures, the American Society of Testing
and Materials (ASTM) has developed and

aromatic compound or class of compounds.! These
methods have evolved over time to meet the
requirements of new materials specifications or to
incorporate new GC technologies (i.e. capillary
columns replacing packed columns). The result of
this evolution is a large number of methods that
are remarkably alike. In practice, many QA labora-
tories that support a variety of chemical processes
typically devote one GC instrument to each ASTM
method they must run.

Recently, there has been a move by many chemical
companies to consolidate lab facilities, simplify
measurements, and reduce the costs that chemical
measurements add to production. Laboratory
space is expensive and is becoming limited. Where
three or four GCs were operating in the past,

there is now only space and budget for one or

two. Another part of this trend is to have
non-traditional personnel such as plant operators;
technicians and engineers perform chemical analy-
ses. Since these personnel are not trained as
analytical chemists, simpler methods are needed to
perform the analyses without losing measurement
performance.

Accommodating these changes in the lab environ-
ment makes it necessary to explore alternative
approaches to performing GC analyses. One
approach is to develop a method that combines the
elements of several separate ASTM methods.

Agilent Technologies



A single method has a number of advantages over
multiple methods. Fewer GCs could be used in
place of a larger number of instruments previously
dedicated to individual methods; thus reducing
required lab space. By running one method, any
GC could also serve as a backup for instruments
that are undergoing maintenance or repair. This
would result in shorter down times and better uti-
lization of lab space. A single method would also
eliminate the need to stock multiple columns and
supplies. Plant operators would also find it easier
to use since they would only need to be trained
once on a single procedure.

Another important advantage to a single aromatics
method lies in the use of retention time locking
(RTL). RTL is a technique that allows any

Agilent 6890 or 6850 GC systems running the same
method to obtain nearly identical retention times.
Comparing data between instruments, between
laboratories, or over time can be difficult due to
variations in retention times. This is further com-
plicated when using multiple methods since the

different columns and operating conditions result
in different retention times for the same com-
pound. For instance, there are eight ASTM meth-
ods that measure p-xylene; however, p-xXylene
retention times range from 6 to 16 minutes
depending on the method's operating conditions
(column, flow, temperature). By using one method
for all aromatic samples, retention time variations
can be reduced to less than 0.5 minutes. Then by
applying RTL to this method, system-to-system
retention time variations can be further reduced to
less than 0.03 minutes. Retention time precision
on this order greatly simplifies comparison of data
between systems, between laboratories, and over
time.

This application note describes a GC method that
is chromatographically suitable for a wide range of
samples typically analyzed by ten different ASTM
methods. Table 1 lists these ten methods along
with the ASTM recommended columns and
reporting specifications.

Table 1. Ten ASTM Methods for the GC Analysis of Aromatic Solvents
ASTM
Method Title Liquid phase Column type Report specifications
D2306 Std Test for C8 Aromatic 0.25 pm Capillary wt% of individual C8 HC
Hydrocarbons Carbowax 50 m x 0.25 mm
D2360 Std Test for Trace 0.32 ym Capillary wt% of individual aromatic
Impurities in Monocyclic Carbowax 60 m % 0.32 mm impurities, total impurities, purity
Hydrocarbons
D3760 Std Test for Cumene 0.25 pm Capillary wt% of individual impurities,
Carbowax 50 m x 0.32 mm cumene purity (wt%)
D3797 Std Test for o-Xylene 0.5 pm Capillary wt% of individual impurities,
Carbowax 60 m x0.32 mm o-xylene purity (wt%)
D3798 Std Test for p-Xylene 0.25 pm Capillary wit% of individual impurities, total
Carbowax 50 m x 0.32 mm impurities, p-xylene purity (wt%)
D4492 Std Test for Benzene 0.25 pm Capillary wt% of individual impurities,
Carbowax 50 m % 0.32 mm benzene purity(wt%)
D4534 Std Test for Benzene in 10%TCEPE Packed wt% of benzene
Cyclic Products on Chromasorb P 3.7mx3.175mm
D5060 Std Test for Impurities in 0.5 pm Capillary wt% of individual impurities,
Ethylbenzene Carbowax 60 m x0.32 mm ethylbenzene purity
D5135 Std Test for Styrene 0.5um Capillary wt% of individual impurities, styrene
Carbowax 60 m x0.32 mm purity
D5917 Std Test for Trace 0.25 pm Capillary wt% individual impurities, wt% total
Impurities in Monocyclic Carbowax 60 m x0.32 mm non-aromatics, wt% total C9

Hydrocarbons (ESTD Cal)

aromatics, purity of main component



Experimental

Two Agilent 6890 Plus Series gas chromatographs
and four Agilent 6850 gas chromatographs were
used for this work. Each GC was equipped with a
split/splitless capillary inlet, a flame ionization
detector (FID) and an Agilent 7683 Automatic
Liquid Sampler (ALS). The split/splitless inlets
were fitted with high-pressure Merlin Microseal
Septa (Agilent Part no. 5182-3442) and
spilt-optimized liners (Agilent Part no. 5183-4647).
Injections were made using 10 uL gas-tight
syringes (Agilent Part no. 5181-8809) designed for
use with the Merlin Microseal. Table 2 lists the
instrument conditions used for this method. An
Agilent Chemstation was used for all instrument
control, data acquisition and data analysis.

An n-hexane solution was prepared containing

0.1 wt% of all the aromatic solvents and impurities
specified for analysis by the ten ASTM methods
listed in Table 1. This standard was used to
develop the RTL calibration and to assess the sepa-
ration of each compound. Final evaluation of this
unified method was done by running the recom-
mended standards specified in each of the ten
ASTM methods.

Results and Discussion

Figure 1 shows a chromatogram of the hexane
solution containing an aggregate of aromatic sol-
vents and impurities. For most compounds, base-
line resolution was achieved. There are two pairs
that are only partially resolved. The first pair,
p-ethyltoluene and m-ethyltoluene, are also not
resolved in the original ASTM method (D-5060

Table 2. Conditions for Unified Aromatic Solvents Method Impurities in ethylbenzene) and, along with
. HP 80 032 - o-ethyltoluene, are reported as total ethyltoluene.
olumn -innowax, b9 m X 3.5 MM > 8.9 pm Therefore, the results presented here represent the
Agilent Part no.19091N-216 . . ..
. . . same result obtained with the original ASTM

Carrier Gas Helium @ 20.00 psi constant pressure mode hod. A d pair. diethvlb d
Inlet Split/Splitless @ 250 °C method. A second pair, diethy er}zene an

100:1 to 400:1 split ratio n-butylbenzene are also only partially resolved.
Oven Temp 75 °C (10 min); 3 °C/min to 100 °C (0 min) Again, this does not present a problem since these

10 °C/min to 145 °C (0 min) two components are not typically found together
Detector FID @ 250 °C in the same material. Diethylbenzene is sometimes

Data acquisition rate @ 20 Hz found as a contaminant in ethylbenzene (ASTM
Injection Size 0.1t01.0pL D-5060) while n-butylbenzene is used as the inter-

nal standard for cumene analysis (ASTM D3760).
1
23
4
5
27
/ " 5 26
9
1012 0,15 g5 189 921 g
17 23
8 24

25 5 75 10 125 15 175 20 225
1 heptane 8 1,4-dioxane 15 o-xylene 22  tridecane
2 cycohexane 9 undecane 16 proplybenzene 23  diethylbenzene isomer
3 octane 10  ethylbenzene 17  p-ethyltoluene 24 diethylbenzene isomer
4 nonane 11 p-xylene 18  m-ethyltoluene 25  n-butylbenzene
5 benzene 12 m-xylene 19  t-butylbenzene 26  o-methylstyrene
6 decane 13 cumene 20  s-butylbenzene 27  phenylacetylene
7 toluene 14 dodecane 21 styrene
Figure 1.  Separation of the 27 compounds analyzed by the ten ASTM aromatics methods listed in Table 1.



Retention Time Locking (RTL)

Retention time locking calibration was performed
using t-butylbenzene as the target peak. Figure 2
shows the five RTL calibration runs with the reten-
tion times of t-butylbenzene indicated and Figure 3
shows the RTL calibration. These calibration runs
do not have to be repeated by anyone wishing to
lock this method on their Agilent 6890 or 6850 GC

Inlet P =16 psi

S|

systems. To use this RTL calibration, simply
create a new method with conditions outlined in
Table 2, then use the Chemstation RTL software to
create a new RTL calibration and enter the data
shown in Figure 3. The GC can then be locked by
running a sample containing t-butylbenzene and
using the RTL software to re-lock the method. The
general theory and use of RTL is detailed in
previous publications.?

18.848

TR

L
|

% nIetP—18pS|

i

17.55F|)

Inlet P =20 pSI

|/t

16.42?

Inlet P =22 psi

Inlet P = 24 psi

_ L
H
|

TR

14. 552

MJUMJUJU

15.432

5

Figure 2.
Retention Time Locking Calibration
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Figure 3.  Retention time locking calibration using

t-butylbenzene as the RTL target peak.

Retention time locking calibration runs using t-butylbenzene as the RTL target peak.

A total of six GC systems, two 6890s and four
6850s, were configured to run this unified method.
Each GC was retention time locked using a
t-butylbenzene target retention time of 16.423 min-
utes. Figure 4 shows an overlay of the locked chro-
matograms from each of the six GCs. Table 3 lists
the retention times and precision of each com-
pound in the standard mix. Excellent retention
time precision was observed for the 6890 and 6850
instruments across the entire time range of the
chromatographic run. Peaks falling within the ini-
tial 10-minute isothermal time had a standard
deviation of about 0.02 minutes. Those peaks elut-
ing during the 3 °C/min program ramp had a stan-
dard deviation of 0.01 minutes and those eluting in
the 10 °C/min ramp showed a standard deviation
of 0.03 minutes
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Figure 4.  Using RTL, excellent retention time precision was observed for all 27 compounds analyzed using the unified aromatics
method. Details of retention time precision are listed in Table 3.

Table 3. Retention Time Precision for Each Compound Analyzed by the Unified Method

Retention time (min)

Compound 6890 #1 6890 #2 6850 #1 6860 #2 6850 #3 6850 #4  Std Dev Range
heptane 3.572 3.568 3.508 3.569 3.566 3.568 0.025 0.064
cyclohexane 3.745 3.742 3.682 3.743 3.741 3.742 0.025 0.063
octane 3.969 3.971 3.911 3.972 3.970 3.97 0.024 0.061
nonane 4.696 4704 4.646 4.705 4.703 4.704 0.023 0.059
benzene 5.581 5572 5518 5.576 5572 5572 0.023 0.063
decane 6.084 6.105 6.053 6.106 6.104 6.105 0.021 0.053
toluene 1.694 7.686 7.646 7.695 7.687 7.686 0.018 0.049
1,4-dioxane 8.386 8.342 8.306 8.350 8.346 8.342 0.025 0.080
undecane 8.732 8.776 8.141 8.782 8.777 8.776 0.022 0.050
ethylbenzene 10.922 10.915 10.899 10.932 10.918 10.915 0.011 0.033
p-xylene 11.282 11.278 11.267 11.295 11.280 11.278 0.009 0.028
m-xylene 11.592 11.587 11.577 11.604 11.589 11.587 0.009 0.027
cumene 13.097 13.097 13.089 13.110 13.098 13.097 0.007 0.021
dodecane 13.264 13.334 13.323 13.337 13.333 13.334 0.028 0.073
o-xylene 13.790 13.781 13.778 13.795 13.782 13.781 0.007 0.017
propybenzene 14.940 14.943 14.939 14.951 14.945 14.943 0.004 0.012
p-ethyltoluene 15.696 15.699 15.699 15.706 15.702 15.699 0.003 0.010
m-ethyltoluene 15.819 15.820 15.820 15.827 15.823 15.820 0.003 0.008
t-butylbenzene 16.423 16.424 16.420 16.426 16.426 16.424 0.002 0.006
s-butylbenzene 17.049 17.060 17.053 17.059 17.063 17.060 0.005 0.014
styrene 17.623 17.600 17.600 17.600 17.603 17.600 0.009 0.023
tridecane 18.602 18.683 18.665 18.661 18.681 18.683 0.031 0.081
diethylbenzene 19.707 19.718 19.701 19.700 19.713 19.718 0.008 0.018
diethylbenzene 20,11 20.123 20.101 20.101 20.116 20.123 0.010 0.022
n-butylbenzene 20.217 20.225 20.201 20.203 20.219 20.225 0.011 0.024
o-methylstyrene 21.01 21.003 20.976 20.975 20.994 21.003 0.015 0.036
phenyacetylene 22.115 22.090 22.050 22.050 22.081 22.090 0.025 0.065

Avg 0.015 0.039



For this method it is not always necessary to use
t-butylbenzene to perform retention time locking.
Analysts who want to use this method for samples
not containing t-butylbenzene can select another
compound as the RTL target peak. Compounds
that do not elute near temperature program transi-
tions can serve as RTL target peaks. Table 4 lists
the other suitable RTL target compounds along
with the retention time data for constructing alter-
nate RTL calibrations for this method. For
instance, if one were preparing the benzene stan-
dard prescribed by ASTM method D4492, the
toluene in that standard could serve as the RTL
target compound. It is not necessary to perform
the five RTL calibration runs. Simply create a new
RTL calibration using the inlet pressures and
toluene retention times from Table 4. This example
of an RTL calibration using toluene is shown in
Figure 5.

Table 4. Retention Time Locking Calibration Data for Unified
Aromatics Method
Retention time (min) at each inlet pressure
Compound 16.00 psi 18.00 psi 20.00 psi 22.00 psi 24.00 psi
nonane 5.794 5.174 4.682 4.279 3.943
benzene 6.880 6.143 5.558 5.080 4681
toluene 9.507 8.489 7.680 7.018 6.468
cumene 15460 14188 13100 12.148 11.305
o-xylene 16.189  14.897 13791 12825 11.969
propylbenzene 17370 16.064 14646  13.968 13.100
t-butylbenzene® 18.849 17555 16423 15432 14.552
s-butylbenzene 19424 18201 17.061 16.063 15.176
n-butylbenzene 22.054  21.090 20220 19.404 18.607
styrene 19.891 18743  17.620 16.621 15.733
o-methylstyrene 22.745  21.824  21.010  20.261 19.552
phenylacetylene 23795 22.852  22.097 21421 20.800

*t-butylbenzene used as RTL target peak for this publication (target RT = 16.423 min).

Pressure Ret Time

Run 1
Run 2
Run 3
Run 4
Run 5

i

up A

Pressure Units

Desired Ret Time:
Min relock pressure:
Max relock pressure:

Column:
Ci

d Name:

|tn||leneﬂ

[ ok ][ cancel ][ Print |[ Help |

Alternate retention time locking calibration for the
unified aromatics method that uses toluene as the
locking target compound.

Figure 5.

Evaluation of Calibration Standards

The calibration standards specified by each of the
ten ASTM methods were prepared and run using
this unified method. Each standard was run with
Agilent 6890 and Agilent 6850 series gas chro-
matographs that were retention time locked
using t-butylbenzene as the target peak

(RT = 16.423 min.).

D2306 - Standard Test for C8 Aromatic
Hydrocarbons

Figure 6 shows the chromatograms of the D2306
calibration standard run on Agilent 6890 and 6850
gas chromatographs. The injection size for both
runs was 0.1 uL and the split ratio was 400:1.

D2360 - Standard Test for Trace Impuri-
ties in Monocyclic Hydrocarbons

The standard calibration mix specified by D2360
was prepared in p-xylene. Figure 7 shows the
chromatograms of the D2360 calibration standard.
Injection size was 1.0 uL and the split ratio was
100:1. The ethylbenzene peak (RT = 10.98 min)
elutes just before p-xylene and was much broader
than the other contaminants. This peak shape was
due to a reverse solvent effect caused by the over-
loaded p-xylene along with an oven starting
temperature (75 °C) that was much lower than
the p-xylene boiling point (138 °C). A broad
ethylbenzene peak was also observed in the origi-
nal ASTM D2360 method.?

D3760 - Standard Test for Analysis of
Isopropylbenzene (Cumene)

Figure 8 shows the chromatograms of the D3760
calibration standard. The injection size for both
runs was 1.0 uL and the split ratio was 100:1. The
xylene isomers' concentrations were not listed
because they were not added to the standard, but
were present as trace contaminants in the cumene
used to prepare the standard. Since both GCs are
retention time locked, the identification of each
xylene isomer could be easily made.



D2306 Std - Agilent 6890

wt% ret. time (min)
ethylbenzene 17.9 10.984
p-xylene 20.2 11.351
m-xylene 441 11.674
o-xylene 17.8 13.854
10 12

D2306 Std - Agilent 6850

wt%  ret. time (min)
ethylbenzene 17.9 10.943
p-xylene 20.2 11.309
m-xylene 441 11.635
o-xylene 17.8 13.811

Figure 6. ASTM D2306 C8 aromatic hydrocarbon quantitative calibration standard run on Agilent 6890 (top) and 6850 (bottom)
using the retention time locked unified aromatics method.

D2360 Std - Agilent 6890
wt% ret. time (min)

nonane 0.02 4.692
benzene 0.02 5.566 r
toluene 0.02 7.690
ethylbenzene 0.08 10.987
cumene 0.02 13.137
o-xylene 0.09 13.821
n-butylbenzene (IS) 0.10 20.227

D2360 Std - Agilent 6850
wt% ret. time (min)

nonane 0.02 4.659 |
benzene 0.02 5.526
toluene 0.02 7.659
ethylbenzene 0.08 10.984
cumene 0.02 13.133
o-xylene 0.09 13.813
n-butylbenzene (IS) 0.10 20.210
Ll N L J
f T L L A | U L L A |
6 8 10 12 14 16 18 20

Figure 7. ASTM D2360 monocyclic hydrocarbon quantitative calibration standard run on Agilent 6890 (top) and 6850 (bottom) using
the retention time locked unified aromatics method.



D3760 - Agilent 6890

wt% ret. time (min)
benzene 0.01 5.564
ethylbenzene 0.01 10.936
p-xylene na 11.303
m-xylene na 11.616
o-xylene na 13.918
n-propylbenzene 0.02 14.994
t-butylbenzene 0.01 16.447

n-butylbenzene (IS) 0.10 20.227
o-methylstyrene 0.01 21.012

T A

D3760 - Agilent 6850

wt% ret. time (min)

benzene 0.01 5.526

ethylbenzene 0.01 10.923

p-xylene na 11.292

m-xylene na 11.607

o-xylene na 13.911

n-propylbenzene 0.02 14.992

t-butylbenzene 0.01 16.447

n-butylbenzene (I1S)  0.10 20.213

o-methylstyrene 0.01 20.987 n

e - 8 A L

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
5 715 10 125 15 175 20

Figure 8.

ASTM D3760 isopropylbenzene (cumene) quantitative calibration standard run on Agilent 6890 (top) and 6850 (bottom)

using the retention time locked unified aromatics method.

D3797 - Standard Test Method for
Analysis of 0-Xylene

Figure 9 shows the chromatograms of the D3797
calibration standard. The injection size was 1.0 uL
and the split ratio was 100:1. The broadening of
the cumene peak (RT = 13.28 min) was due to the
reverse solvent effect of the overloaded o-xylene
peak. This was also observed in the original ASTM
D3797 method.

D3798 - Standard Test Method for
Analysis of p-Xylene

Figure 10 shows the chromatograms of the D3798
calibration standard. The injection size was 1.0 uL.
and the split ratio was 100:1. The ethylbenzene

peak shows the same broadening observed in the
D2360 standard. The original ASTM D3798 method
specifies that the valley points between the large
p-xylene peak and the ethylbenzene and m-xylene
contaminants should be less than 50% of the conta-
minants’ peak height. Figure 11 shows the details
of this separation using the unified method. For
each GC this requirement was met for both the
ethylbenzene and the m-xylene.

D4492 - Standard Test for Analysis of
Benzene

Figure 12 shows the chromatograms of the D4492
calibration standard. The injection size was
1.0 uL and the split ratio was 100:1.



D3797 Std - Agilent 6890

wt% ret. time (min)
isooctane (IS) 0.05 3.502
n-nonane 0.20 4.693
benzene 0.21 5.567
toluene 0.21 7.691
ethylbenzene 0.21 10.941
p-xylene 0.21 11.308
m-xylene 0.43 11.623
cumene 0.34 13.283
styrene 0.06 17.642
- A

D3797 Std - Agilent 6850

Figure 10.

wt% ret. time (min)
isooctane (IS) 0.05 3.518
n-nonane 0.20 471
benzene 0.21 5.575
toluene 0.21 7.691
ethylbenzene 0.21 10.933
p-xylene 0.21 11.297
m-xylene 0.43 11.609
cumene 0.34 13.271
styrene 0.06 17.617
N A
T T L L L R A EL T
5 75 10 125 15 175 20
Figure 9. ASTM D3797 o-xylene quantitative calibration standard run on Agilent 6890 (top) and 6850 (bottom) using the retention
time locked unified aromatics method.
D3798 - Agilent 6890
wt% ret. time (min)
n-nonane 0.01 4.704
benzene 0.02 5.565
toluene 0.01 1.677
n-undecane(lS) 0.09 8.927
ethylbenzene 0.10 10.955
m-xylene 0.21 11.751
cumene 0.01 13.107
o-xylene 0.02 13.781
ok A Jt f\J A A
D3798 - Agilent 6850
wt% ret. time (min)
n-nonane 0.01 4711
benzene 0.02 5.576
toluene 0.01 7.693
n-undecane(lS) 0.09 8.94
ethylbenzene 0.10 10.981
m-xylene 0.21 1.7
cumene 0.01 13.128
o-xylene 0.02 13.804 ﬂ
A A A N A
r T T T T T
6 8 10 12 14

ASTM D3798 p-xylene quantitative calibration standard run on Agilent 6890 (top) and 6850 (bottom) using the
retention time locked unified aromatics method.



ethylbenzene

p - xylene

m - xylene

r I T T T I T T T I T I I I | T T I Iﬁ
10.8 1 1.2 14 11.6 18
Figure 11. Expanded view from Figure 10 shows excellent separation of m-xylene from p-xylene peak using the unified
aromatics method.
D4492 - Agilent 6890
wt% ret. time (min)
cyclohexane  0.05 3.727
nonane (1S) 0.09 4.697
toluene 0.05 7.675
1,4-dioxane 0.02 8.332
ethylbenzene  0.05 10.907
N j\
D4492 - Agilent 6850
wt% ret. time (min)
cyclohexane  0.05 3.741
nonane (IS) 0.09 4.709
toluene 0.05 7.683
1,4-dioxane 0.02 8.341
ethylbenzene  0.05 10.910
A\ J\
T T T T T T T
6 8 10 12
Figure 12. ASTM D4492 benzene quantitative calibration standard run on Agilent 6890 (top) and 6850 (hottom) using the retention

10

time locked unified aromatics method.



D4534 Standard Test Method of
Benzene Content of Cyclic Products -
Cyclohexane

Figure 13 shows the chromatograms of the D4534
calibration standard containing 8 mg/kg (ppm)
benzene in cyclohexane. The injection size was
1.0 uL and the split ratio was 100:1.

D4534 Standard Test Method of Benzene
Content of Cyclic Products - Toluene

Figure 14 shows the chromatograms of the D4534
calibration standard containing 9 mg/kg (ppm)
benzene in toluene. The injection size was 1.0 uL,
and the split ratio was 100:1. Several contami-
nants were found in the toluene used to prepare
this standard. Most of these contaminants were
identified, but the peak at 15.3 minutes did not

correspond to the retention times of those listed in

Table 3. If the GC systems were not retention time

locked, one might assume that this contaminant
could be n-propylbenzene or p-ethyltoluene. How-
ever, given the retention time precision expected
with RTL, it is clear that this contaminant is an
unknown.

GC/MS is the best approach to identify this
unknown, but under the same GC conditions,
GC/MS retention times are often considerably
faster than those obtained using atmospheric
detectors. However, by combining retention time
locking with a technique called method transla-
tion, one can obtain GC/MS retention times nearly
identical to those found with conventional GC.*
This makes identifying unknown peaks much
easier. Figure 15 shows the D4534 toluene stan-
dard run on both the Agilent 6850 and the Agilent
5973 GC/MS. A mass spectral library search of the
unknown peak at 15.320 minutes identifies this
compound as chlorobenzene. The source of the
chlorobenzene was found to be the toluene used to
prepare the standard.

D4534 (cyclohexane) - Agilent 6850

mg/kg ret. time (min)
benzene 8 5.569
D4534 (cyclohexane) - Agilent 6850
mg/kg ret. time (min)
benzene 8 5.563
T T T T T T T T T T T T T T 1
35 4 45 5 5.5

Figure 13. ASTM 4534 cyclohexane quantitative calibration standard run on Agilent 6890 (top) and 6850 (bottom) using the

retention time locked unified aromatics method.

"



D4534 (toluene) - Agilent 6890
mg/kg ret. time (min)
benzene 9 5.565
ethylbenzene na 10.898
p-xylene na 11.260
m-xylene na 11.568
o-xylene na 13.759
unknown na 15.310
| I Y
D4534 (toluene) - Agilent 6850
mg/kg ret. time (min)
benzene 9 5.573
ethylbenzene na 10.917
p-xylene na 11.279
m-xylene na 11.687
o-xylene na 13.779
unknown na 15.335
N A L
T L L L L AL A | T T T T
5 75 10 125 15 17.5 20

Figure 14. ASTM D4534 toluene quantitative calibration standard run on Agilent 6890 (top) and 6850 (bottom) using the retention
time locked unified aromatics method.

D4534 (toluene) - Agilent 6850
unknown - 15.335 min.
\
Va%
LA B B

D4534 (toluene) - Agilent 5973 GC/MS
chlorobenzene - 15.320 min.

\

I e o e e LA s e — T —— T
3 4 5 6 7 8 9 10 1" 12 13 14 15 16

Figure 15. Unknown contaminant found in D4534 toluene standard (top) was identified as chlorobenzene using the retention time

locked unified aromatics method run on the Agilent 5973 GC/MS (bottom).
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D4534 Standard Test Method of Benzene
Content of Cyclic Products - Cumene
Figure 16 shows the chromatograms of the D4535

calibration standard containing 5 mg/kg (ppm) of
benzene in cumene. The injection size was 1.0 uL

and the split ratio was 100:1. Details of these

benzene
ethylbenzene
p-xylene
m-xylene
o-xylene
n-propylbenzene
t-butylbenzene
o-methylstyrene

chromatograms are shown in Figure 17. Although
benzene is well resolved, there are still some C9
hydrocarbons that elute near benzene. These com-
pounds represent a potential source of interfer-
ence when measuring small amounts of benzene
(less than 5 mg/kg) in cumene.

D4534(cumene) - Agilent 6890
mg/ kg ret. time (min)

5 5.565

na 10.933

na 11.299

na 11.611

na 13.918

na 14.997

na 16.451

na 21.001

benzene
ethylbenzene
p-xylene
m-xylene
o-xylene
n-propylbenzene
t-butylbenzene
o-methylstyrene

D4534(cumene) - Agilent 6850
mg/kg ret. time (min)

5 5.572

na 10.931

na 11.291

na 11.600

na 13.899

na 14.982

na 16.438

na 20.993

5 15

10 125 15 175

Figure 16. ASTM D4534 cumene quantitative calibration standard run on Agilent 6890 (top) and 6850 (bottom) using the retention
time locked unified aromatics method.

)
Benzene (5 mg/kg) !

Non-aromatic hydrocarbons

45 5 5.5

Figure 17. Details of the D4534 cumene standard showing the separation of 5 mg/kg of benzene from non-aromatic hydrocarbons
typically found in cumene.
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D5060 Standard Test Method for D5917 Standard Test for Trace Impurities
Determining Impurities in High-Purity in Monocyclic Hydrocarbons (ESTD Cal)

Ethylbenzene This method is identical to D2360 without the
addition of the internal standard, n-butylbenzene,
so that the chromatogram shown in Figure 7 is a
good representation of an expected result. How-
ever, since n-butylbenzene is not included in the
standard or samples for D5917, the run time of the

Figure 18 shows the chromatograms of the D5060
calibration standard. The injection size was 1.0 uL
and the split ratio was 100:1.

D5135 Standard Test Method for unified method can be reduced to approximately
Analysis of Styrene by Capillary Gas 15 minutes.
Chromatography

Figure 19 shows the chromatograms of the D5135
calibration standard. The injection size was 1.0 uL
and the split ratio was 100:1.

D5060 - Agilent 6890
wt% ret. time (min)

benzene 0.19 5.565
toluene 0.20 7.690
n-undecane (I1S)  0.20 8.935
p-xylene 0.20 11.441
m-xylene 0.20 11.686 ]
isopropylbenzene 0.20 13.132
o-xylene 0.20 13.816
n-propylbenzene  0.20 14.966
p-ethyltoluene 0.20 15.722
m-ethyltoluene 0.20 15.844
s-butylbenzene 0.20 17.074
diethylbenzenes  0.20 19.70 - 21.0
_.JL\J«_,_

D5060 - Agilent 6850
wt%  ret. time (min)

benzene 0.19 5.300
toluene 0.20 7.666
n-undecane (I1S)  0.20 8.936
p-xylene 0.20 11.440
m-xylene 0.20 11.685
isopropylbenzene 0.20 13.136 ]
o-xylene 0.20 13.817
n-propylbenzene  0.20 14.972
p-ethyltoluene 0.20 15.730
m-ethyltoluene 0.20 15.852
s-butylbenzene  0.20 17.081 M
diethylbenzenes  0.20 19.70 - 21.10
L l w_fn
T T T T T T T T T 1
5 75 10 125 15 175 20

Figure 18. ASTM D5060 ethylbenzene quantitative calibration standard run on Agilent 6890 (top) and 6850 (bottom) using the
retention time locked unified aromatics method.
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D5135 - Agilent 6890
wt%  ret. time (min)

heptane (IS) 0.04 3.535
toluene 0.01 7.659
ethylbenzene 0.04 10.920
p-xylene 0.12 11.289
m-xylene 0.12 11.600
cumene 0.01 13.122
o-xylene 0.03 13.806
n-propylbenzene  0.01 15.004
m,p-ethyltoluene 0.02 15.830
a-methylstyrene  0.03 20.992
phenylacetylene  0.01 22.061

. ) U

|

D5135 - Agilent 6850
wt%  ret. time (min)

heptane (IS) 0.04 3.571
toluene 0.01 7.688 -
ethylbenzene 0.04 10.932
p-xylene 0.12 11.298
m-xylene 0.12 11.610
cumene 0.01 13.125
o-xylene 0.03 13.812
n-propylbenzene  0.01 15.009
m,p-ethyltoluene  0.02 15.825
a-methylstyrene  0.03 21.018
phenylacetylene  0.01 22.102
A L JL__“ A M Jo ﬁ_
r--~—+ %1 ~++~ 1+~~~ 1 *+~+~°+ |1 ¢+ |1 T+ 1 T [ T 1
5 75 10 125 15 175 20 22.5

Figure 19.
locked unified aromatics method.

Conclusions

The analysis of many different bulk aromatic sol-
vents in the QA/QC laboratory presents the analyst
with an array of ASTM methods specific to each
material. In an effort to simplify these measure-
ments for today’s laboratory environment, the
chromatographies of ten ASTM methods were con-
solidated into one method. This unified method
can resolve the 27 compounds found in aromatic
materials and can successfully run the calibration
standards used by each ASTM method to deter-
mine solvent purity. This versatile method can be
run on both the Agilent 6890 and 6850 GC to yield
consistent results between the method develop-
ment lab and the plant production lab. To further
improve performance, retention time locking
(RTL) was applied to the unified method so that
retention time standard deviation for each com-
pound in any sample is less than 0.03 minutes.
This allows easy comparison of results between
instruments, laboratories and over time. The reten-
tion time locked unified method meets the need for
a fast, simple method that can be run in today’s
production laboratories.

ASTM D5135 quantitative calibration standard run on Agilent 6890 (top) and 6850 (bottom) using the retention time
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Greater than 20% More
Plates Per Meter

Improved Resolution and/or Faster
Run Times Compared to 0.53-mm ID
Columns

No Special Hardware Required

Decreasing the diameter of a capil-
lary column is an effective way of
increasing column efficiency. This
increase in the number of theoreti-
cal plates per meter (N/m) can be
utilized to improve compound reso-
lution. A significant decrease in
analysis time can also be achieved
by adjusting the analysis conditions
or shortening the column length.

For the chromatographer using
Megabore (that is, 0.53-mm ID)
columns, going to smaller internal
diameter columns has not always
been an option, due in part to capac-
ity issues and injector and/or detec-
tor hardware incompatibilities. The
0.45-mm ID, High-Speed Megabore
column introduces the traditional
Megabore chromatographer to a
column that can increase the resolu-
tion of analytes and/or reduce some
analysis times by as much as 45%.
Because Agilent's High-Speed Mega-
bore columns retain the same outer
diameter as 0.53-mm ID columns, no
special ferrules or adaptors are
required.

High-Speed Megabore columns also
have the same phase ratio () as

Increasing Sample Throughput with
High-Speed Megabore Columns

Application

0.53-mm ID columns, making it very
easy to translate the method condi-
tions. Methods can easily be opti-
mized for speed or resolution using
free method translation software
available from the Agilent Web

site or by speaking with our
Technical Support Department (call
800-227-9770 in the U.S. or Canada
or visit www.agilent.com/chem).

On average, the High-Speed Mega-
bore provides 24% more theoretical
plates per meter than the compara-
ble 0.53-mm ID column (Table 1). At
some point, increasing a column's
length can begin to work against
chromatographic efficiency gain due

to high carrier gas pressure drop in
long capillaries. This is exemplified
with the 105 m, DB-502.2. Figure 1
compares the two DB-502.2 columns
for the analysis of volatile organics
by purge and trap (for example, EPA
Method 502.2). Most notable in these
chromatograms are the essentially
identical resolution of analytes and
the 23-minute decrease in run time
with the High-Speed Megabore
column.

High-Speed Megabore columns are
ideally suited to applications where
dual 0.53-mm columns are currently
being used. Figure 2a and 2b show
one such application.

Table 1. Column Efficiencies
Column Column Internal
phase length diameter
DB-VRX 75 meters 0.449 mm
75 meters 0.540 mm
DB-624 75 meters 0.446 mm
75 meters 0.546 mm
DB-502.2 75 meters 0.453 mm
105 meters 0.544 mm
DB-WAX 30 meters 0.447 mm
30 meters 0.544 mm
DB-1 30 meters 0.455 mm
30 meters 0.551 mm
DB-5 30 meters 0.446 mm
30 meters 0.540 mm
DB-608 30 meters 0.450 mm
30 meters 0.535 mm

Film Plates/meter
thickness [1] (% increase) [2]
2.55 um 1997 (28)

3.00 ym 1447

2.55 ym 1402 (22)

3.00 pm 1090

2.55 pm 1526 (20)

3.00 ym 873

0.85 uym 1656 (25)

1.00 pm 1357

1.30 pm 1477 (27)

1.50 pm 1357

1.30 pm 1895 (23)

1.50 pm 1454

0.71 ym 1477 (23)
0.83 ym 1134

[1] Phase ratio (B) held constant for all columns
[2] Average 24%

Agilent Technologies



Compound List for all 19. 1,2-Dichloroethane 41. 1,1,2,2-Tetrachloroethane
20. Silica trichloroethene 42. Bromobenzene
Chromatograms 21. 1,_2-Dich|or0propane 43. 1,2,3-Trichloropropane
1. Dichlorodifluoromethane 22 leromo_methane 44. n-Propylbenzene
2. Chloromethane 23. B_romodu_;hloromethane 45. 2-Chlorotoluene
3' Vinyl chloride 24. cis-1,3-Dichloropropene 46. 1,2,3-Trimethylbenzene
’ 25. Toluene 47. 4-Chlorotoluene
4. Bromomethane .
5 Chloroethane 26. trans-1:3-D|chloropropene 48. tert-Butylbenzene
’ . 27. 1,1,2-Trichloroethane 49. 1,2,4-Trimethylbenzene
6. Trichlorofluoromethane
. 28. Tetrachloroethene 50. sec-Butylbenzene
7. 1.1-Dichloroethene . )
h 29. 1,3-Dichloropropane 51. 1,3-Dichlorobenzene
8. Methylene chloride 30. Dibromochloromethane
9. trans-1,2-Dichloroethene - Uibrol 52, para-!sopropyltoluene
. 31. 1,2-Dibromomethane 53. 1,4-Dichlorobenzene
10. 1,1-Dichloroethane
: . 32. Chlorobenzene 54. n-Butylbenzene
11. cis-1,2-Dichlorethene -
: 33. 1,1,1,2-Tetrachloroethane 55. 1,2-Dichlorobenzene
12. 2,2-Dichloropropane 34 Ethvlbenzene e
13. Bromochloromethane . ylbenz 56. 1,2-D|b_rom0-3-ch|oropropane
14. Chloroform 35. meta-Xylene 57. 1,2,4-Tr|ch|or0beqzene
15. 1.1.1-Trichloroethane 36. para-Xylene 58. Hexachlorobutadiene
0 37. ortho-Xylene 59. Naphthalene
16. 1,1-Dichloropropene 38 Styrene A
17. Carbon Tetrachloride - ol 60. 1.2,3-Trichlorobenzene
39. Bromoform
18. Benzene
40. Isopropylbenzene
Conditions Injector: Purge and trap (OIA 4560)
Column: DB-502.2, 105 m x 0.53-mm ID, 3.0 pm 40 ppb per component in 5 mL water
Partno.: 125-14A4 Trap: Tenax™/Silica gel/Charcoal
Carrier: Helium at 10 mL/min, measured at 35 °C Detector:  Electrolytic conductivity detector (ELCD)
Oven: 35 °C for 10 min (01A 4420) with NiCat™
35°C - 200 °C at 4 °C/min reaction tube in the halogen mode
200 °C for 5 min
28
14 20 27
1 23 24 26 32
19 29
8 11| 16 \ 21 30
9 10 1315
22
23 D6 7 12 31
1
4
I T T T T T T
0 5 10 15 20 25 30
Time (min.)
Conditions Injector: Purge and trap (OIA 4560)
Column:  DB-502.2, 75 m x 0.45-mm ID, 2.55 pm 40 ppb per component in 5 mL water High-Speed Megabore
Partno.: 124-1474 Trap: Tenax/Silica gel/Charcoal . |
Carrier: Helium at 9 mL/min, measured at 35 °C Detector:  ELCD (OIA 4420) with NiCat saves 23 minutes!
Oven: 35 °C for 6 min reaction tube in the halogen mode
35°C-200°C at 8 °C/min
200 °C for 3.5 min 28 33
27 58
23 24 9 32
2830 \ 4 51 55 57
22 43 47
31 39[ |45/ 60
42,
56
UL |
I T T T T T T T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Time (min.)
Figure 1. Analysis time comparison



Conditions

Figure 2a and 2b

Columns:

Guard Column:

Carrier:

Oven:

Injector:

Trap:
Detector A:

Detector B:

DB-624

75m x 0.45-mm ID, 2.55 pm
Part no.: 124-1374

DB-VRX

75m x 0.45-mm ID, 2.55 pm
Part no.: 124-1574

5m x 0.53-mm ID deactivated
fused silica tubing

3-way universal glass union
Helium at 9 mL/min (18 mL/min
total), measured at 35 °C
35°C for 12 min
35°C-60°Cath°C/min

60 °C for 1 min

60 °C - 200 °C at 17 °C/min
200 °C for 4 min

Purge and trap (OIA 4560)

40 ppb per component in 5 mL
water

Tenax/Silica gel/Charcoal
Photoionization detector (PID)
(OIA 4430) at 220 °C
Electrolytic conductivity detector
(ELCD) (OIA 4420) with NiCat
reaction tube in the halogen
mode

35,36
2a. DB-624 o
51,52
PID
Detector A
44
32
34
25
28
9 18 26
20 24
3 7 k 1" 17 A
| - L A l
28,29
ELCD
Detector B
33
1 42,43
27 /53 58
26 5155
16,17 2 ||g 57
45
2 Y 60
31 39
56

T T T T T T T T T 1
12 14 16 18 20 22 24 26 28 30

0 2 4 6 8 10
Time (min)
35,36
2b. DB-VRX
PID
Detector A
9 18
20
3
i . k A

ELCD

Detector B

Figure 2a and 2b. High-Speed Megabore dual column applications.
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0.45-mm ID High-Speed Megabore Column Order Guide

Inner Film Temperature

diameter Length thickness limits
Phase' (mm) (meter) (pm) (°C)
DB-1 0.45 15 1.27 -60 to 300/320
DB-1 0.45 15 2.55 -60 to 260/280
DB-1 0.45 30 0.42 -60 to 300/320
DB-1 0.45 30 1.27 -60 to 300/320
DB-1 0.45 30 2.55 -60 to 260/280
DB-1 0.45 30 4.25 -60 to 260/280
DB-1 0.45 60 1.27 -60 to 300/320
DB-5 0.45 15 1.27 -60 to 300/320
DB-5 0.45 30 0.42 -60 to 300/320
DB-5 0.45 30 1.27 -60 to 300/320
DB-5 0.45 30 4.25 -60 to 260/280
DB-17 0.45 15 0.85 40 to 260/280
DB-17 0.45 30 0.85 40 to 260/280
DB-1701 0.45 30 0.42 -20 to 260/280
DB-1701 0.45 30 0.85 -20 to 260/280
DB-200 0.45 30 0.85 30 to 280/300
DB-210 0.45 30 0.85 45 t0 220/240
DB-2887 0.45 10 2.55 -60 to 350
DB-502.2 0.45 75 2.55 0 to 260/280
DB-502.2 0.45 105 2.55 0 to 260/280
DB-608 0.45 30 0.42 40 to 260/280
DB-608 0.45 30 0.70 40 to 260/280
DB-624 0.45 30 2.55 -20 to 260
DB-624 0.45 75 2.55 -20 to 260
DB-FFAP 0.45 15 0.85 40 to 250/250
DB-FFAP 0.45 30 0.85 40 to 250
DB-MTBE 0.45 30 2.55 35 to 260/280
DB-TPH 0.45 30 1.00 -10 to 290/290
DB-VRX 0.45 30 2.55 -10 to 260
DB-VRX 0.45 75 2.55 -10 to 260
DB-WAX 0.45 60 0.85 20 to 230/240
DB-WAX 0.45 15 0.85 20 to 230/240
DB-WAX 0.45 30 0.85 20 to 230/240
DB-WAXetr 0.45 5 1.70 50 to 230/250
DB-XLB 0.45 30 1.27 30 to 320/340

Part
number
124-1012
124-1014
124-1037
124-1032
124-1034
124-1005
124-1062
124-5012
124-5037
124-5032
124-5035
124-1712
124-1732
124-0737
124-0732
124-2032
124-0232
124-2814
124-1474
124-14A4
124-6837
124-1730
124-1334
124-1374
124-3212
124-3232
124-0034
124-1632
124-1534
124-1574
124-7062
124-7012
124-7032
124-7304
124-1232

'Additional phases, lengths, and film thickness can be made with a 0.45-mm ID High-Speed Megabore column. If
you do not find the column you are looking for, ask for a custom column quote (order part number 100-2000 and

specify the phase, ID, length, and film thickness).

For More Information

For more information on our products and services, visit
our Web site at www.agilent.com/chem.
Agilent shall not be liable for errors contained herein or for incidental or consequen-

tial damages in connection with the furnishing, performance, or use of this
material.

Information, descriptions, and specifications in this publication are subject to change
without notice.

© Agilent Technologies, Inc. 2002
Printed in the USA

February 13, 2002
5988-5271EN

Agilent Technologies



DuraGuard Columns: GC Columns with

Built-In Protection
Application

Guard columns/retention gaps with-
out the use of unions

* Minimize front-end contamina-
tion of the column and increase
column lifetime

* Aid in focusing sample onto the
front end of the column for excel-
lent peak shape

* Minimize the amount of mass
selective detector (MSD) source
contamination originating from
the column

All this with no leaks, no added
activity, and no hassle

Deactivated fused silica tubing is
commonly added to the front of an
analytical column to act as a guard
column or retention gap. It can also
be added to the back of the analyti-
cal column as a transfer line into the
MSD to minimize the amount of
source contamination originating
from the column.

Historically, deactivated tubing has
been connected to the analytical
column by using a union. These are
difficult to install requiring a great
deal of care and skill to ensure they
will work properly. With incorrect
installation unions can cause leaks
resulting in column degradation,
dead volume resulting in peak shape
problems, or activity problems
resulting in peak shape problems

and/or response loss. Leaks are
especially a problem when the union
is located close to the MSD when
using deactivated fused silica for the
transfer line.

DuraGuard columns, with a built in
length of deactivated fused silica
tubing, avoid these potential prob-
lems. The deactivated fused silica
and the analytical column are made
with a single, continuous piece of
fused silica tubing, thus eliminating
the need for the union. Installation
hassles, peak shape problems and
leaks associated with unions are his-
tory. Samples containing difficult
analytes such as pesticides or drugs
can be chromatographed without
any undesirable contributions from
the union.

Guard Columns

DuraGuard columns are especially
beneficial as guard columns when
analyzing samples containing low
levels of chemically active com-
pounds. Unions can be active
towards these analytes and can
cause peak-shape problems, which
in turn result in poor detection
limits. DuraGuard columns elimi-
nate the potentially active union by
using a single piece of fused silica
tubing. Agilent Technologies’ special
deactivation process results in
extremely inert columns and tubing
for a broad range of analyte types.

Agilent Technologies



Guard columns are used when sam-
ples contain nonvolatile residues
that contaminate the column. The
nonvolatile residues deposit in the
guard column and not in the analyti-
cal column. This greatly reduces the
interaction between the residues
and the sample since the guard
column does not retain the solutes
(because it contains no stationary
phase). Also, the residues do not
coat the stationary phase which
often results in poor peak shapes.
Periodic cutting or trimming of the
guard column is usually required
upon a build-up of residues. Guard
columns 5-10 meters in length allow
for substantial trimming before the
entire guard column requires
replacement. The onset of peak
shape problems is the usual indica-
tor that the guard column needs
trimming or changing.

Retention Gaps

DuraGuard columns offer the user
the benefits of a retention gap with-
out the hassle of making critical
clean column cuts and installing the
fused silica tubing to the front of
their analytical column with a union.
By avoiding the union there are no
additional sources of leaks or activity.
The only difference is the improved
peak shape of the analytes.

Retention gaps are used to improve
peak shape for some types of sam-
ples, columns and GC conditions.
Use of 3-5 meters of tubing is
required to obtain the benefits of a
retention gap. The situations that
benefit the most from retention gaps
are large volume injections (>2 uL)
and solvent-stationary phase polarity
mismatches for splitless, Megabore
direct and on-column injections. Peak

shapes are sometimes distorted when
using combinations of these condi-
tions. Polarity mismatches occur
when the sample solvent and column
stationary phase are very different
in polarity. The greatest improve-
ment is seen for the peaks eluting
closest to the solvent front or solutes
very similar to the solvent in polarity.
The benefits of a retention gap are
often unintentionally obtained when
using a guard column.

MSD Transfer Line

DuraGuard columns help minimize
source contamination without the
potential for leaks. The vacuum
system of the MSD makes it espe-
cially difficult to maintain a leak
free system - particularly the closer
the connection is to the MSD. The
use of unions with Mass Spec Detec-
tors has always been tricky and
prone to leakage. By using a single
piece of fused silica, there are no
additional connections to cause
leaks.

Using a piece of deactivated fused
silica as the transfer line to an MSD
can reduce the frequency of source
cleaning. Often the MSD transfer
line temperature is at or above the
columns upper temperature limit
and thermal degradation of the sta-
tionary phase occurs. Volatile poly-
mer breakdown products are carried
into the MSD and can deposit in the
MSD ion source. Using deactivated
fused silica tubing as the MSD trans-
fer line eliminates the presence of
polymer in the heated zone and
decreases the amount of material
that can contaminate the MSD source
thus decreasing the frequency of
required source cleanings.



Results

Figure 1 is an FID chromatogram of
a complex test mixture separated
using a combination DuraGuard
column. Note the peak shape quality
for notoriously difficult to analyze
compounds.

Column: DB-5ms 30 m x 0.25 mm, 0.25 pm film with 10 m DuraGuard 1. 2-Ethylhexanoic acid

P/N: 122-5532G 2. 1,6-Hexanediol

Oven: 125 °C for 8.5 min 3. 4-Chlorephenol

125-260 'C@ 10 */min 4. Tridecane

Carrier: Hydrogen at 45 cm/sec " 5. 1-Methylnaphthalene

Injector:  Split 10:1 13 6. 1-Undecanol

Detector: FID 7. Tetradecane

10 8. Dicyclohexylamine
9. Acenaphthene (IS)
10. 2,2-Dinitrophenol
9 11. n-Nitrosodiphenylamine
12. Pentachlorophenol
13. Phenanthrene
14. Carbazole
5
4
14
7
8
3
1 5 6
12
) L I
T T T I I T T I I I T I T I T I
2 4 6 8 10 12 14 16
C1116 Time (min)

Figure 1. Chromatogram of test mixture using combination guard and analytical columns.

Want a Guard Column or
Retention Gap of a Different
Internal Diameter?

If you would prefer a guard column
with a different diameter than your
analytical column, save yourself the
hassle of assembling union connec-
tions and let us do it for you! Agilent
Technologies offers the dependable
Leak-free connection service to meet
your analytical needs: short guard
columns, long guard columns, differ-
ent diameters, or dual columns.
Whatever you need, Agilent
Technologies can provide through
our Custom Column shop.

Our Leak-free connection service
results in a dependable, long lasting
leak-free connection. We use high
quality glass press fit unions with
polyimide sealing resin to ensure the
connection will last. See Figure 2. At
Agilent Technologies our technicians
have years of experience in creating
leak-free connections and in using
special techniques to keep the poly-
imide sealing resin out of the flow
path. Once the connection is care-
fully made, the resin is cured and
the product is tested for leaks.

Polyimide sealing resin
ensures leak-free connection

Figure 2.  Detail of glass press fit union

with polyimide sealing resin.



www.agilent.com/chem

DuraGuard Column Order Guide

Inner Film DRGD
Part diameter Length thickness  Length
number Phase (mm) (m) (pm) (m)
122-1032G DB-1 0.25 30 0.25 10
122-5532G DB-5ms 0.25 30 0.25 10
122-5536G DB-bms 0.25 30 0.5 10
122-5533G DB-5ms 0.25 30 1 10
122-5562G DB-bms 0.25 60 0.25 10
125-5537G DB-5ms 0.53 30 0.5 10
122-1232G DB-XLB 0.25 30 0.25 10
125-0732G DB-1701 0.53 30 1 10
125-1334G5 DB-624 0.53 30 3 5

DuraGuard columns of different phases and dimensions are available through Agilent Technologies custom
column shop. Any DB polysiloxane or low bleed phase can be made as a DuraGuard column with 0.18 mm id or
larger fused silica tubing. Ask for a custom column quote (part number 100-2000 and specify the phase, id, length,
and film thickness of analytical column, and desired length of DuraGuard).

For More Information

For more information on our products and services, visit
our Web site at www.agilent.com/chem.

Agilent shall not be liable for errors contained herein or for incidental or consequen-
tial damages in connection with the furnishing, performance, or use of this
material.

Information, descriptions, and specifications in this publication are subject to change
without notice.

© Agilent Technologies, Inc. 2002
Printed in the USA

August 5, 2002
5988-7215EN

Agilent Technologies



Using Agilent ChemStation
to generate summary reports
for a single analysis or

a sequence of analyses

Application

Angelika Gratzfeld-Huesgen

Introduction

The Agilent ChemStation base
software includes a wide range
of built-in report styles and
types. For example, it provides
standard reports such as area
percent (AREAY%), external stan-
dard (ESTD), internal standard
(ISTD), and normalized (NORM)
reports as well as system suit-
ability reports and sequence
summary reports with statistical
evaluation of retention times,
areas, heights and more.

g DADT B Si=754 70 Ref=350 B (NEWLINZLINZ001 3 D)

2939
Fhenacetine

4.901
1511 3172 Diazapam
Antipyrine

For each type of report the user
can determine the amount of
information that is included in
the report. The ChemStation
base software also provides a
report editor for customizing
reports — a topic that is beyond
the scope of this note.

This Application Note describes
how to set up the different report
types, explaining the software
screens and giving example
reports. The main objective is to
give guidelines and to provide
strategies on how to use the dif-
ferent built-in reports in the
ChemStation base software.

: Agilent Technologies



Equipment

The data for the report examples

was generated using an Agilent

1100 Series HPLC system com-

prising the following modules.

* high pressure gradient pump

* micro-vacuum degasser

* well plate sampler

* thermostatted column
compartment

* diode array detector

The Agilent ChemStation base
software including the 3D data
evaluation module, revision
A.08.04, was used for instrument
control, data acquisition, data
handling, sample tracking, and
reporting.

Report setup on ChemStation

The standard reporting function
in the ChemStation base soft-
ware provides for single run
reports or sample-set reports for
a full sequence of runs, whereby
these so-called sequence summa-
ry reports can only be generated
after completion of the sequence.
The content of the sequence sum-
mary reports is defined by the
acquisition sequence.

Further, the ChemStation base
software includes a wide range
of built-in standard reports that
allow users to define the content
and amount of printed informa-
tion. Whereas this functionality
meets the requirements of most
standard applications to a large
extent, it does not have the flexi-
bility to create additional table
elements for non-chromatograph-
ic information, charts or custom
calculations.

If such extended reporting capa-
bilities are required, it is recom-
mended to use the ChemStation
Plus data system including the
ChemStore data organization
module.

The ChemStation base software
offers four types of report.

¢ Individual run reports, which
can be generated automatically
after each run or sequence,
provide quick and easy print-
outs of results.

Sequence summary reports
provide comprehensive infoma-
tion for a full set of samples,
including full GLP/GMP details.
They are generated automati-
cally at the end of a sequence
and may include individual
reports as well as statistical
summary reports.

Batch reports provide direct
printouts of first-pass review
modifications and results. They
are generated during reprocess-
ing of data from a complete
sequence or of a subset of one
sequence using ChemStation
batch review.

Advanced custom reports for
requirements that go beyond
the scope of the previous types.
These include customized
reports for individual runs or
complete sequences and can
also be obtained automatically
after each run or sequence.

The following sections focus on
the individual-run and sequence-
summary report types, which are
built-in as standard in the
ChemStation base software, and
explain in detail how to use and
set up these report types.

Qualitative reports
for individual runs

Qualitative reports are used
mainly during the development
of a separation or when a quick
decision is needed as to whether
a compound is present or not.
Here the separation of peaks is
of primary interest and a short
AREAY% report is sufficient.
Particularly during method
development it does not make
sense to obtain reports with
quantitative results.

Setup

To obtain an automated printout
of an individual report such as a
short AREAY% report, the item
Standard Data Analysts must be
selected in the Run Time
Checklist, which is part of the
overall method for acquisition,
data analysis and reporting, see
figure 1. This screen is part of
the Edit Entire Method dialog or
can be accessed directly from the
Method menu of the Method and
Run Control view.

The item shown in figure 1 must
be selected when the calculation
of results is required, such as for
printing reports, including
sequence summary reports, with
or without individual run
reports.

Configuration

To obtain qualitative reports the
item Calculate in the group
Quantitative Results must be set
to Percent as shown in figure 2.



Aun Time Checklist: Instrument 1

-Check Method Sections to Run
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Figure 1

Activating Standard Data Analysis, including integration and quantification as part of the
ChemStation method, is mandatory to obtain automated printouts of all report types available in

the ChemStation base software

Specify Report: Instrument 1 B

-Deztination Quantitative Results
X' Printer I™ Screen Calculate: IPen::ent j
’ File Type B don: |A j
Eil aszed On: rea
[ Eile  IXT [T wWMF -
File Prefix I DIF [ .Csv Sorted By: ISlgnaI j
|“~‘-P°'t XLS HTM
Clas M0 | Signal Options___ I
“Style
Report Style| ﬂ
Detail b
[" Sample §iHeader+5hort
% Add Chidd ot pepeny prdd Summed Peaks Table
Short+5pectrum
F‘EPD“ Laye Detail+5pectrum
5 Full k Do Mot Report
& iz Library Search ) ® L L e
Performance
‘Chromatograry | Performance+Lib Search
Performance+Moise —¥§jze
® Po Extended Performance | ™ % of Page

O Larierape
() Multi-Page [Landscape)

|1_ Pages

Time: WE
Response: TE

[ ok |

| Cancel I

| Help I

Figure 2
Specifying individual run reports

There are three ways to set up
reports for individual runs.

1 Using the report smart icon in
the Method and Run Control
view.

2 Using part of the Edit Entire
Method wizard

3 Using the Data Analysts view
by selecting Report and then
Specify Report.

Figure 2 shows the setup screen
for run reports. Several report
styles are available, covering a
broad spectrum of report types.
The report output can be sent to
a printer, displayed on the screen
or saved to a file. Multiple report
destinations can be selected at a
time. Other report parameters
allow to include chromatograms,
in landscape or portrait format
or even distributed over several
pages, and to define the way
unknown compounds are report-
ed.

An example of an AREA% report
is given on page 12, containing
information about the used
method, data filename, time of
injection, chromatogram and
report.

The report styles that are avail-
able depend on the installed soft-
ware modules. For example, the
report styles Short+Spectrum,
Detail+Spectrum and Library
Serach are only available when
the 3D data evaluation module is
installed.

During method development the
combination of Percent and
Performance in reporting can be
a valid tool to find out about k',
resolution, selectivity, peak width
and, for isocratic runs, the num-
ber of plates. An example is
given on page 19.



Calculation procedures such as
Percent (for others such as ESTD
and ISTD, see section
“Quantitative reports for individ-
ual runs”) can be combined with
any of the available standard
reports shown in figure 2.

Qualitative reports can not use
calculations based on standards
such as ESTD and ISTD.

Quantitative reports
for individual runs

Quantitative reports offer com-
pound identification and com-
pound quantification. They are
mainly used with known samples
or reference results in method
optimization and quality control
areas.

Setup

Before a quantitative report can
be generated, standard samples
with known compound concen-
trations have to be run and a cal-
ibration table has to be set up.

Peak integration should always
be optimized before a peak is
used as a reference in the cali-
bration table and before the cali-
bration tasks are done. To opti-
mize integration, load a sample
file with known sample concen-
tration and then use the
Integration tool set in the Data
Analysis screen. When integra-
tion is optimized and saved, the
calibration table can be created.

The calibration table is set up in
Data Analysts from the
Calibration menu, see figure 3.
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Figure 3
Calibration setup menu

In the following example we set
up a multilevel calibration with
four calibration levels. Multilevel
calibrations use multiple files to
complete the calibration. One file
defines one level—completion of a
four-level calibration thus
requires four files. The steps
involved are as follows.

1 Load the first file and click on
New Calibration Table.

2 Calibrate each peak by select-
ing the peak (left mouse click),
and filling in compound name
and compound amount.

3 Repeat step 2 for all peaks.

4 When all peaks in the file are
calibrated, load the next file
with the next concentration.
Use the Add Level tool to fill in
the amounts for the next con-
centration level (level two).

5 Repeat step 4 for level three
and four.

The calibration is stored as part
of the ChemStation method. It is
saved by simply saving the
method. Every calibration
update s easily accessible by
loading the method, modifying
(for example, updating) the cali-
bration files and saving the new
method revision.



Setup

When the calibration is complete
all prerequisites for generating a
quantitative report are met. The
first step in generating a report
is to specify the report style as
described in the section
“Qualitative reports for individ-
ual runs.” The calibration of the
method now offers access to all
predefined report styles such as
standards reports or normalized
reports or, when running a
sequence, to sequence summary
reports (see separate section
later.)

The calculation of results can be
a normalized (NORM) area deter-
mination or based on an external
standard (ESTD) or internal
standard (ISTD). Result calcula-
tions can be based on area or
height. Figure 4 shows selection
of External Standard Method as
calculation procedure and Short
as Report Style. An example is
given on page 13.

Configuration

Additional report features can be
specified such as output format
for the chromatogram (including
multipage outputs), picture size
and the documentation of uncali-
brated (which means unknown)
peaks in the Specify Report
screen as shown in figure 4. Any
report style (see figure 2) can
also be combined with any calcu-
lation procedure. Examples are
given on pages 13 through 21.

¢ ESTD combined with report
style Short (p 13)

¢ ESTD combined with report
style Library Search (p 14)

¢ ESTD combined with report
style GLP+Short (p 16)

¢ ESTD combined with report
style Performance (p 19)

¢ ESTD combined with report
style Detail (p 20)
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Figure 4

Selection of external standard report and short report style

Similar to the calibration, the
report configuration is saved
with the ChemStation method.
Thus all data analysis steps for
integration, calibration, result
calculation and reporting are
saved under one "umbrella" tool.
Once setup, reuse of all steps is
automated by simply reapplying
the method to any sample under
investigation.

The method that has been set up
Jor data acquisition, integra-
tion, calibration and reporting
has to be saved under a unique
name to ensure that samples are
analyzed and evaluated using
the correct conditions.

Final report output

Final report outputs are quick
and easy to obtain with
ChemStation. Both qualitative
and quantitative reports offer the
same options and use identical
tools to generate the final report.

Reports can be

* sent to a printer

* displayed on the screen for a
quick review or preview when
setting up report options

* saved to a file in HTML, CSV,
XML, TXT, WMF, or DIF format




It is possible to combine all out-
put types, for example, to get a
printed copy on paper, an online
report display on the screen and
a file copy on the local hard disk.

The user can choose either

e automated report output at the
end of each sample analysis (or
reanalysis), or

* interactive report output at
user request

Automated report output

An automated report is output
whenever the ChemStation
method is executed and at least
one report destination is selected
in the Specify Report screen, see
figure 4. If no report output is
desired, simply leave all report
destination check boxes blank.

Method execution typically is
used to analyze a sample or to
reapply changes in calculations
or calibration during data analy-
sis. To execute a method, simply
press F5 or select Run method
from the ChemStation Run con-
trol menu as shown in figure 5.

<& Instrument 1 (offline 1): Data Analysis

Inztrument

Method  Sequence  Wiew  Abort

Help

LNICHEMM  [3] |

BATCHS  [#]

Sample Info...

ﬁ Hesumelnestior

Run Sequence FE
Eause Sequence

S b etl-
\\@ LINI

Hesume Seguence

Stop Bundnest/Sequence. BE
T ——

Figure 5

Fnrbaﬂ Eclipze #DE-C8, 4.6 % 150rmm, Sum

Run method for automated method execution and result output

If the user wants to re-analyze
data without data acquisition,
Data Acquisition must be dis-
abled in the Run Time Checklist,
see figure 1.

Interactive report printout

Manual report output is available
from the ChemStation Data
Analysis view. It is designed to
preview report outputs on the
screen during report configura-
tion or to get an individual sam-
ple report during interactive
result analysis or result review.

The Data Analysis view is
designed to set up advanced
reports such as library searches,
detailed spectrum reports and
others. It has a separate report
menu and additional smart icons
for report setup, preview and
output to a printer as shown in
figure 6.

When the user wants a report
during their data review session,
they simply press the preview or
print button and immediately get
the report on the screen or on

paper.

Integration  Calibration Qs

File  Graphics

Data Analyzis

|' Frint Fepart

Spectra Batch  View Abaort Help

[ Short

epoit...

| Edit Instrument Curves.

System Suitability 2

JEd] 5]

"

Elf

|
ke
I

Autornated Library Search...

Figure 6

Report menu and smart icons (far right) in ChemStation Data Analysis view
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Sequence summary reports

In contrast to individual run
reports, sequence summary
reports can only be generated for
a complete set of samples that
have been analyzed in one con-
tinuos sequence. The sequence
summary report (also referred to
as a system suitability report) is
designed to meet the specific
needs of GLP and GMP regula-
tions in the pharmaceutical
industry as well as comparable
ISO and DIN regulations in other
industries.

In addition to result calculation
and result documentation, all
regulations require additional
documentation on how the
results have been obtained and
how "well" the analytical system
behaved during analysis. The
sequence summary report is a
single all-inclusive report style,
combining the analytical result
with full documentation of how
the result was obtained and the
system suitability information,
thereby providing a comprehen-
sive report that addresses all reg-
ulatory requirements.

Sequence summary reports are
frequently used in quality control
work. These reports include the
analytical results along with doc-
umented evidence of the system's
suitability for the analytical pur-
pose. System suitability is
defined in the various
Pharmacopoeia guidelines and it
typically includes system perfor-
mance information based on
parameters such as peak width,
theoretical plate number, resolu-
tion and others.

<, Instrument 1 [offline 1): Method & Run Control

File  BunContral Method I
| tethod and Run Control [

=l & [

Inztrument

me Parameters. .
Sequence Table...
Sequence Jutput...
ChemStare Setup ...

Wiew Abort Help

ATCH.S

Ready [
Reprocess Data Mode

Sequence Surmary... \q\'\\\ »
Extended Statizticz... =

i tieth
LINI

Samo] 10

New Sequence
Load Sequence...

.6« 150mm, Sum

20 40 BO 80 100 ) Save Sequence
0%0%0%pPe? Save Sequence Ag...
Ogogogogog Print Sequence. .
Lo S e o = R o 5_["]|

2005909 Partial Sequence... M

OOOOOOOOO

R e 1BATCH.S
0%0%%0%0° 2BATCHIS
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Figure 7

Entries need to be made in these sections to obtain automatically a
sequence summary report at the end of a sequence

All these parameters are avail-
able in the report style, but the
user must configure the report to
suit their own specific needs. The
following section describes setup
and configuration of a sequence
summary report in ChemStation.

Setup and configuration

After each sequence of runs a
sequence summary report can be
printed. Typically this is done to
obtain statistical results and
determine system suitability. In
addition to the entries in the
sequence table and before the
report can be calculated and
printed, several data inputs for
sequence parameter and
sequence output are required,
see figure 7.

In the Sequence Parameters
screen (figure 8) the item Parts
of Method to Run must be set to
According to Runtime Checklist.
This entry determines which part
of a method is executed during a
sequence and According to
Runtime Checklist refers to the
run-time checklist configuration
that was previously edited as
part of the method in order to
obtain integration and quantita-
tive results.

If data acquisition is completed
and the user wants to reanalyze
a sequence of samples without
data acquisition, the option
Reprocessing Only allows to
recalculate the sequence summa-
ry report easily.




In the Sequence Output screen
the report destination and the
content of a sequence summary
report are defined by selecting
the appropriate check boxes, see
figure 9.

The content of the sequence
summary report is defined by
the items on the right side of the
scrreen shown in figure 9.
Selecting Setup in the Sequence
Output dialog box accesses this
configuration screen. The
sequence summary report allows
a variety of informations to be
printed in one continuously enu-
merated report.

In addition to a wide selection of
statistical results from sample
and/or calibration runs, other
items can be selected such as
sample summary reports that
list all acquired samples, com-

Sequence Dutput: Instrument 1

Activates automated

Sequence SummEENTENN-R Q]
[¥ Print Sequence Summary Report

[X Report to Printer

Sequence Parameters: Instrument 1

Dperator Hame: |CﬂiCkE|

Data File
(8! Auto (| Prefix/Counter

Subdirectory: |DEMO

Path: D:AHPCHEMMADATAM

Part of methods to run

-
C
=

Shutdown

Acquisition Only

Reprocessing Only
IL1

[ Post-S5equence Cmd / Macro

[ -

[after loading a new method])

Sequence Comment:

nBdy Timeout: 0 min

Batch Review Demonstration

Lok |

| Cancel |

(oe |

Figure 8
Sequence parameters screen

Selects report
content

[ Report to File: |

equence Summary Parameters: Instrument 1

Activate report: Style:
1.0 head
[ Report to HTH u ne page headet
. [ 2. Configuration
] ual reports for each run az well:
p— [ 3. Sequence
Selects individual run
Destination of individual reporfe RS EN T [ 4. Logbook
(8 az zpecified in each Method [ 5. Methods
(0 as specified here [ B. Analysis reports
> [¥ | 7. Statistics calib. runz  (Standard Statistic hd
r = o [X| 8. Statistice sample runz |[Standard Statistic =
r r r % 3. Summary ~
Ii r r Compound Summary
| 1].9 | | Cancel | | Help |
Figure 9

Selection of report destination and content of a sequence summary report
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plete printouts of all parameters
in the methods that were used,
printouts of sequence logbooks
and so on.

It is also possible to include the
individual result reports for each
run as part of the summary
report instead of individual
printouts after the end of each
run.

The statistical evaluation of
sequence runs is defined in the
Extended Statistic Parameter
screen, see figure 10. Statistical
results can be obtained for all
parameter shown in this dialog
box. Either standard deviation or
relative standard deviation or
95% confidence interval can be
applied and upper/lower limits
for each parameter can be speci-
fied.

A calibrated method is neces-
sary to be able obtain statistical
results.

Figure 11 shows the Sequence
Table screen, in which it is
important to ensure that the
sample type is correctly set to
Sample, Calibration or Control
Sample, because statistical calcu-
lations can be selected based on

sample type.

Figure 12 shows an example of a
sequence summary report. It
contains information about the
analyzed samples such as loca-
tion, sample name, filename, and
so on. The header includes infor-
mation such as operator name,
the used chromatographic
method, and date of acquisition.

Further report examples can be
found on pages 11 through 35.

Options Ok |

Extended Statistic Parameters

Cancel

| Help I

Item Name

Aclive

0] =]

Limit [Relative Standard Deviation]

Retention time

Peak area

Peak height

Ammount

Peakwidth at half height

T angent Peakwidth

Sigma Peakwidth

Peakwidth at taiing

Peak sypmmetry

T ailing Factor

K

Flates [zigma methad)

Plates [tangent method)

Plates [statiztic methad)

Platesz [halfwidth method]

Extended Statistic Options: Instrument 1

Limat l]ptil.'ma
' Standard Deviation

® :Relative Standard Deviation:

C 98% Cl

[ ox ]

Cancel I

Feszolution [sigma method)

Resolution [tangent method]

Feszolution [statistic methad)

Rezolution [halfwidth method)

Selectivity

Skew

Excess

Library match factor

Peak. purity

C A A ) ) ) ) ) ) = = = = =

Figure 10

Setup of statistical calculations for sequence runs



Sequence Table: |nstiument 1

-Currently Running 1
Line: | Method  Locatiow  Inp
Sample Info for P1-D-12:
Lib105 - Plate 11D: |Library 105
= Plate 2 ID: |L|'I1m921|1
Line Location Sample Mame Method Mame  InjfLocation [Sample Type | Cal Level Update AF  Update AT Interval San
1 Glucocoticoide+ | SBWELL 2ff5ample -
2 |Pi401 | Theophylin 9BWELL 1[5 2mpie
3 [Pi-4402 | Theobromine SEWELL 1]5ample
4 [P1403  |Caffere 9BWELL |
5 [P1408 |Phenchabid  [9BWELL 15 2mpie
B |Pi403 |Diaepam SEWELL 1)5ampe
7 [Fi410  [Paracetamal SEWELL 1)5ample
8 [Pi1411  |Phenacelin SEWELL 1]5ample
9 [P1803  |Antipwn SBWELL [l
10 |PC0 |Minocycine SBWELL ]
1 [P1C02 [Tebacyoine | 9OWELL 1[Samcie f.ﬁ";”.’e Type must ble
12 [F1C03 | Doryeycine SEWELL ] illed in approgrlatgy
13 [P0 |Amoschn BWELL W5ampe as Sample, Calibration
14 [F1D0 |Angicline BWELL 1[5ampe or Control
15 |00 |Periciline’ 9BWELL ]
16 [P0 |Pericliney SEWELL ]
17 |PME0  |Tipenelamne | 9BWELL 15 ampie
18 |PE02  |Chlorphermamine | SBWELL ]
19 |[F1E03 | Promethasing SEWELL 115 senple
20 |F1F00 | Destromethorphan | SBWELL 115 ample
21 |FF02  |Verapamd BWELL 1[5 anple -
J 1 ’

| tnsen || co || o || pese || AppendLine |

Insﬂt].n:alinnl’lﬂue..l ﬂmﬁeq.ml Headﬂa[’.udel 119 Il fa'r:ell Help I

Figure 11
The Sequence Table screen
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7

Sample Summa
Sequence table:

Data directory path:
Logbook:

Sequence start:
Operator:

Method file name:

ry

C:\HPCHEM\ 1\SEQUENCE\96WELL. S
C:\HPCHEM\1\DATA\96WELL
C:\HPCHEM\1\DATA\96WELL\96WELL.LOG
10/18/2002 5:25:06 PM

agratz

C:\HPCHEM\1\METHODS\96WELL .M

Run Location Inj Sample Name Sample Multip.* File name Cal #
# # Amt [ng] Dilution Cmp
=== e |========= |—======== | === [===== [ ===
1 P1-D-12 2 Glucocorticoide+ - 1.0000 1ib10002.D 3
2 P1-A-08 1 Phenobarbital - 1.0000 1ib10006.D 1
3 P1-A-09 1 Diazepam - 1.0000 1ib10007.D 1
4 P1-A-11 1 Phenacetin - 1.0000 1ib10009.D 1
5 P1-B-03 1 Antipyrin - 1.0000 1ib10010.D 1
6 P1-C-03 1 Doxycycline - 1.0000 1ib10013.D 1
\ J/
Figure 12
Example of a sequence sample summary report
Conclusion Reports can be obtained after Appendix

The built-in single-run and
sequences summary reports that
are available in the ChemStation
base software offer a wide range
of reporting capabilities. The var-
ious reports give access to all
important sample-related infor-
mation quickly and easily. For all
report types the user can select
the amount of information to be
included, from a simple qualita-
tive report on one page through
detailed quantitative reports to
comprehensive and powerful
sequence summary reports.
Knowledge of a report editor is
not required to be able to set up
the ChemStation reports.

each run or at the end of a
sequence. With the ChemStation
Method concept users starting
from scratch can have a printed
result copy of any type in less
than 10 minutes — once set up
the report is available within sec-
onds after run completion.
ChemStation reports are easy to
configure, fast to obtain and
quickly stored and managed.

The following pages show exam-

ples of summary reports that can

be generated with the

ChemStation base software. The

examples were generated using

the print-to-file function and may

have different pagination than a

report printed directly from the

ChemStation. Reports shown

include:

e Short Area Percent Report

e Short ESTD Report

* Spectral Library Search Report

e Short GLP Report

* Performance Report

* Detail Report

* Extended Performance Report

* Sequence Summary Report —
Compound Summary

* Sequence Summary Report —
Standard Statistics for Sample
Runs

11



Short Area Percent Report

p
Data File D:\HPCHEM\1\DATA\NEWLIN2\LIN20013.D
Instrument 1 1/24/02 8:54:14 AM agratz

Injection Date : 10/25/00 8:47:20 AM Seqg. Line : 7

Sample Name : samplel Location : Vial 2

Acqg. Operator : agratz Inj : 1
Inj Volume : 1 pl

Different Inj Volume from Sequence ! Actual Inj Volume : 10 pl

Acg. Method : C:\HPCHEM\1\METHODS\LINI2.M

Last changed : 10/25/00 6:57:17 AM by agratz

Analysis Method : D:\HPCHEM\1\METHODS\LINICHEM.M

Last changed : 1/24/02 8:53:08 AM by agratz

Zorbax Eclipse XDB-C8, 4.6 x 150 mm, 5 pm

u DALY A Sig=254 20 Ref=350 80 (MEWLIM2LIM20013.00
R0
2.839
Phenacetine
200
4.901
1510 i
3173 Diazepam
Antipyrine
100 Py
R &
l:l I\_
I 1 2 3 & B B 7 in
Area Percent Report
Sorted By : Signal
Calib. Data Modified : Thursday, January 24, 2002 8:52:20 AM
Multiplier : 1.0000
Dilution : 1.0000

Signal 1: DADl A, Sig=254,20 Ref=350,80

Peak RetTime Type Width Area Area Name
# [min] [min] [mAU*s] %
S | === |======- | ===mmmmmm | === | === == m e
1 1.424 BV 0.0829 10.51506 0.4743 7
2 2.172 BB 0.0933 661.70422 29.8443 Antipyrine
3 2.939 BB 0.0535 934.32690 42.1402 Phenacetine
4  4.901 BB 0.0566 610.64050 27.5412 Diazepam
Totals : 2217.18669

***% End of Report ***

\ Page 1 of 1
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Short ESTD Report

(

Data File D:\HPCHEM\1\DATA\NEWLIN2\LIN20013.D
Instrument 1 1/24/02 9:09:23 AM agratz

Injection Date : 10/25/00 8:47:20 AM Seqg. Line 7
Sample Name : samplel Location Vial 2
Acqg. Operator : agratz Inj 1
Inj Volume : 1 pl
Different Inj Volume from Sequence ! Actual Inj Volume 10 pl
Acg. Method : C:\HPCHEM\1\METHODS\LINI2.M
Last changed : 10/25/00 6:57:17 AM by agratz
Analysis Method : D:\HPCHEM\1\METHODS\LINICHEM.M
Last changed : 1/24/02 9:09:14 AM by agratz
(modified after loading)
Zorbax Eclipse XDB-C8, 4.6 x 150 mm, 5 pm
u DAl A Sig=254 20 Ref=350,50 (MEWLIMALINZ00135.00
2510
2.939
Phenacetine
200
4490
150 '
7172 Diazepam
Antipyrine
100 Py
Ik &
u L
i 1 3 3 4 B ] 7 i
External Standard Report
Sorted By : Signal
Calib. Data Modified : Thursday, January 24, 2002 9:09:12 AM
Multiplier : 1.0000
Dilution : 1.0000
Signal 1: DAD1 A, Sig=254,20 Ref=350,80
RetTime Type Area Amt/Area Amount Grp Name
[min] [MAU*s] [ng]
——————— R e i I e B
2.172 BB 661.70422 6.62986e-1 438.70069 Antipyrine
2.939 BB 934.32690 1.00317 937.28787 Phenacetine
4.901 BB 610.64050 9.81915e-1 599.59734 Diazepam
Totals : 1975.58590

***% End of Report ***

Page 1 of 1
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Spectral Library Search Report

(

Data File D:\HPCHEM\1\DATA\NEWLIN2\LIN20013.D
Instrument 1 1/24/02 9:28:46 AM agratz

Injection Date : 10/25/00 8:47:20 AM Seqg. Line : 7

Sample Name : samplel Location : Vial 2

Acqg. Operator : agratz Inj : 1
Inj Volume : 1 pul

Different Inj Volume from Sequence ! Actual Inj Volume : 10 pl

Acg. Method : C:\HPCHEM\1\METHODS\LINI2.M

Last changed : 10/25/00 6:57:17 AM by agratz

Analysis Method : D:\HPCHEM\1\METHODS\LINICHEM.M

Last changed : 1/24/02 9:28:26 AM by agratz

(modified after loading)
Zorbax Eclipse XDB-C8, 4.6 x 150 mm, 5 pm

u DaDT A Sig=254 20 Ref=350 30 (MEWLIMNALINZ0013.00
25104
2.939
Fhenacetine
2004
4401
1510 i
7172 Diazepam
Antipyrine
1004 P
L k
u L
i 1 2 3 4 B b 7 tin
External Standard Report
Calib. Data Modified : Thursday, January 24, 2002 9:09:12 AM
Multiplier : 1.0000
Dilution : 1.0000
Library search mode: Automatic library search
Library file No. 1
Library file name : D:\HPCHEM\1\METHODS\LINICHEM.M\PHARMA.UVL
Match threshold : 950 Purity threshold: Calculated
Time window left [%] : 5.00 Case sensitive : No
Time window right [%] : 5.00 Whole word : No
Wavelength shift : 0.0 Compare spectrum : Yes
Absorbance threshold : 0.0 Search logic : OR
Search range : All

x Page 1 of 2
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Spectral Library Search Report (continued)

Signal 1: DAD1 A, Sig=254,20 Ref=350,80
Results obtained with standard integrator!
Calibrated compounds:

Meas. Library CalTbl
RetTime RetTime RetTime Sig Amount Purity Library Name
[min] [min] [min] [ng] Factor # Match

2.172 2.177 2.071 1 438.70069 1000 1 1000 Antipyrine
2.939 2.944 3.038 1 937.28787 1000 1 1000 Phenacetine
4.901 4.904 5.090 1 599.59734 1000 1 1000 Diazepam

Note (s) :
u: compound identified at upslope. Purity factor exceeds threshold.
d: compound identified at downslope. Purity factor exceeds threshold.

***% End of Report ***

\ Page 2 of 2
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Short GLP Report

This is a special file,

named RPTHEAD.TXT,
which allows you to customize the report header page.
It can be used to identify the laboratory which uses the method.

16

Data File D:\HPCHEM\1\DATA\NEWLIN2\LIN20013.D
Instrument 1 1/24/02 9:31:21 AM agratz

Page 1 of 3

in the directory of a method

This file is printed on the first page with the report styles:

Header+Short, GLP+Short, GLP+Detail, Short+Spec, Detail+Spec, Full
XXXX XXX
XX XX XX
XX XX XXXXX XXX XX
XX XX XXX XX X XX X XX
XX X XXX XX XXXXXXX XX X XX
XX XX XX XX XX XX XX
XXXX XXX XXX XXXXX XXX XXX
AXXXXX X X XX
XX X XX XX
XX AXXXX XXXXX AXAXXX XXX XXXX XX XXX
XXXXX XX X XX XX XX XX XXX XX
XX XX XXXXXX XX XX XX XX XX XX
X XX XX XX X XX XX XX XX XX XX XX XX
AXAXXXX XXX XXXXX X XXX AXXX XXXX XX XX
X
XX XXX AXAXXX XX XXX XXXX XX XXX XXXXX
XXX XX XX X XX XX XX XX XXX XX XX
XX AXAXKXXX XX XX XX XX XX XX
XX XX AXXXX XX XX XX XX XX
XXXX XXXXX XX AXXXX XXXX XXX
XXXX
XXX XXX
XX XX
XX XXXXX XXXXX XX AXXXX XX XXX
XX XXX XX X X XXXXX XX X XXX XX
XXX XX XXXXXXX  XXXXXX XX XX XXXXXXX XX
XX XX XX X XX XX XX XX XX
XXX XXX XXXXX XXXXX X XXXX X AXXXX XXXX




Short GLP Report (continued)

Injection Date : 10/25/00 8:47:20 AM Seqg. Line : 7

Sample Name : samplel Location : Vial 2

Acqg. Operator : agratz Inj : 1
Inj Volume : 1 pl

Different Inj Volume from Sequence ! Actual Inj Volume : 10 pl

Acg. Method : C:\HPCHEM\1\METHODS\LINI2.M

Last changed : 10/25/00 6:57:17 AM by agratz

Analysis Method : D:\HPCHEM\1\METHODS\LINICHEM.M

Last changed : 1/24/02 9:31:10 AM by agratz

(modified after loading)
Zorbax Eclipse XDB-C8, 4.6 x 150 mm, 5 pm

Module Firmware revision Serial number
____________________________________ I__________________ | ——— e
1100 Wellplate Autosampler A.04.08 DE02700294
1100 Column Thermostat A.04.06 DE53400174
1100 Diode Array Detector S.03.91 DE00900051
1100 Binary Pump A.04.06 DE53500104
1100 Sample Thermostat n/a DE82203241

Software Revisions for:
- Acquisition: Rev. A.08.03 [847] Copyright © Agilent Technologies
- Data Analysis: Rev. A.08.04 [1008] Copyright © Agilent Technologies

Instrument Conditions : At Start At Stop

Air Temperature (Tray) : 20.1 °C

Column Temp. (left) : 40.0 40.0 °C
Column Temp. (right) : 40.0 40.0 °C
Pressure : 69.8 75.7 bar
Flow : 1.200 1.200 ml/min

Detector Lamp Burn Times: Current On-Time Accumulated On-Time
DAD 1, UV Lamp : 2.44 454.9 h
DAD 1, Visible Lamp : 2.44 424.1 h

Solvent Description :
PMP1, Solvent A : Water
PMP1, Solvent B ¢ acn

Page 2 of 3
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Short GLP Report (continued)

Run Logbook

Method Method started: 1line# 7 vial# 2 inj# 1 10:46:18 10/25/00
Method Instrument running sample Vial 2 10:46:18 10/25/00
1100 ALS 1 Air temperature (tray) = 20.1 °C 10:47:21 10/25/00
1100 PMP 1 Pressure = 69.8 bar 10:47:21 10/25/00
1100 THM 1 Column temperature = 40.0 °C 10:47:21 10/25/00
1100 THM 1 Column temperature = 40.0 °C 10:55:21 10/25/00
1100 PMP 1 Pressure = 75.7 bar 10:55:21 10/25/00
Method Instrument run completed 10:55:23 10/25/00
Method Method completed 10:55:23 10/25/00

Ummgmﬂﬂmmﬁmmmmwmmmwm
2514
2.839
Phenacetine
2004
4.4801
1610 i
3172 Diazepam
Antipyrine
1004 Py
Rl &
u L
i i 7 3 4 5 i 7 i
External Standard Report

Sorted By : Signal

Calib. Data Modified : Thursday, January 24, 2002 9:09:12 AM

Multiplier : 1.0000

Dilution : 1.0000

Signal 1: DAD1l A, Sig=254,20 Ref=350,80

RetTime Type Area Amt/Area Amount Grp Name
[min] [MAU*s] [ng]

------- e e il Al et
2.172 BB 661.70422 6.62986e-1 438.70069 Antipyrine
2.939 BB 934.32690 1.00317 937.28787 Phenacetine
4.901 BB 610.64050 9.81915e-1 599.59734 Diazepam

Totals : 1975.58590

***% End of Report ***

L Page 3 of 3
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Performance report

(

Data File D:\HPCHEM\1\DATA\NEWLIN2\LIN20013.D
Instrument 1 1/24/02 9:36:38 AM agratz

Injection Date : 10/25/00 8:47:20 AM Seqg. Line : 7
Sample Name : samplel Location : Vial 2
Acqg. Operator : agratz Inj : 1

Inj Volume : 1 pnl
Different Inj Volume from Sequence ! Actual Inj Volume : 10 pl
Acg. Method : C:\HPCHEM\1\METHODS\LINI2.M
Last changed : 10/25/00 6:57:17 AM by agratz
Analysis Method : D:\HPCHEM\1\METHODS\LINICHEM.M
Last changed : 1/24/02 9:36:32 AM by agratz (modified after loading)

Zorbax Eclipse XDB-C8, 4.6 x 150mm, 5um

Umm&m&ammwmmmmwmmmwm
2514
2,839
Phenacetine
Znn
4.4901
1510 i
3173 Diazepam
Antipyrine
100 b
1 &
,] L
0 1 7 3 4 5 6 T min
External Standard Report with Performance
Calib. Data Modified : Thursday, January 24, 2002 9:09:12 AM
Multiplier : 1.0000
Dilution : 1.0000

Signal 1: DAD1 A, Sig=254,20 Ref=350,80
Results obtained with standard integrator!

RetTime k' Sig Amount Symm. Width Plates Resol Name
[min] [ng] [min] ution

——————— et Bl e e
2.172 0.81 1 438.70069 0.44 0.0883 3351 4.47 Antipyrine

2.939 1.45 1 937.28787 0.83 0.0524 17435 6.40 Phenacetine
4.901 3.08 1 599.59734 0.80 0.0550 43990 21.47 Diazepam

***% End of Report ***

Page 1 of 1
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Detail report

(

Data File D:\HPCHEM\1\DATA\NEWLIN2\LIN20013.D
Instrument 1 1/24/02 9:51:47 AM agratz

Injection Date : 10/25/00 8:47:20 AM Seqg. Line : 7

Sample Name : samplel Location : Vial 2

Acqg. Operator : agratz Inj : 1
Inj Volume : 1 pl

Different Inj Volume from Sequence ! Actual Inj Volume : 10 pl

Acg. Method : C:\HPCHEM\1\METHODS\LINI2.M

Last changed : 10/25/00 6:57:17 AM by agratz

Analysis Method : D:\HPCHEM\1\METHODS\LINICHEM.M

Last changed : 1/24/02 9:51:35 AM by agratz

(modified after loading)
Zorbax Eclipse XDB-C8, 4.6 x 150 mm, 5 pm

Umm&mﬂﬂmﬁwmmmmwmmmwm
25104
2.839
Phenacetine
2004
4.4801
1610 i
3172 Diazepam
Antipyrine
100 Py
IR k
l] L—
i i 7 3 H 5 i 7 min
External Standard Report
Sorted By : Signal
Calib. Data Modified : Thursday, January 24, 2002 9:09:12 AM
Multiplier : 1.0000
Dilution : 1.0000

Signal 1: DAD1 A, Sig=254,20 Ref=350,80

RetTime Type Area Amt/Area Amount Grp Name
[min] [mAU*s] [ng]

——————— il et el
2.172 BB 661.70422 6.62986e-1 438.70069 Antipyrine
2.939 BB 934.32690 1.00317 937.28787 Phenacetine
4.901 BB 610.64050 9.81915e-1 599.59734 Diazepam

Totals : 1975.58590

Page 1 of 2
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Detail report (continued)

Injection Date : 10/25/00 8:47:20 AM Seqg. Line : 7

Sample Name : samplel Location : Vial 2

Acqg. Operator : agratz Inj : 1
Inj Volume : 1 pl

Different Inj Volume from Sequence ! Actual Inj Volume : 10 pl

Acg. Method : C:\HPCHEM\1\METHODS\LINI2.M

Last changed : 10/25/00 6:57:17 AM by agratz

Analysis Method : D:\HPCHEM\1\METHODS\LINICHEM.M

Last changed : 1/24/02 9:51:35 AM by agratz

(modified after loading)

Zorbax Eclipse XDB-C8, 4.6 x 150 mm, 5 pm

Calibration Curves

Antipyrine at exp. RT: 2.071

Area DAD1 A, Sig=254,20 Ref=350,80
BO0-36F T Correlation: 1.00000
400 Residual Std. Dev.: 0.00000
Eﬂgf - 4;&3D“I . Formula: y = ax> + bxi7+ cx + d

i 200 400 a: 1.00818e
Amount [ng] b: 9.51014e™°
c: 1.57593
d: -19.85331
x: Amount (ng)
y: Area

The header information
and calibration curve is

repeated for each peak

***% End of Report ***
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Extended Performance Report

(

Data File D:\HPCHEM\1\DATA\SYSSUI\CONOOOO5.D

Extended Performance Report

Instrument: Instrument 1

Module Firmware revision Serial number
1100 Quaternary Pump A.04.11 DE1 1116042
1100 Wellplate Autosampler A.04.13 DE02700294
1100 Column Thermostat A.04.11 DE53400174
1100 Diode Array Detector A.04.11 DEO0900051
1100 Sample Thermostat n/a DE82203241

Specials:
micro column switching valve installed in oven

Software Revisions for:
-Acquisition: Rev. A.08.04 [982] Copyright @ Agilent Technologies
-Data Analysis: Rev. A.08.04 [1008] Copyright @ Agilent Technologies

Column Description: XDB-C8

Product# Zorbax Batch#: 099024

Serial# USLLO00162

Diameter 2.1 mm Length: 30.0 mm

Particle size 3.5 mm Void volume 0.08 ml
Maximum Pressure 350 bar Maximum pH : 9
Maximum Temperature: 60 °C

Comment: system suitability

Analysis method: D:\HPCHEM\1\METHODS\SYSSUIP.M

Sample information for vial#: 21

Sample Name: calanti+ Multiplier: 1.00
Injection#: 5 Dilution: 1.00
Injection volume: 3 pl

Acquisition information:

Operator: agratz

Date/Time: 2/11/029:06:34 AM

Data file name: D: \HPCHEM\ 1\DATA\SYSSUI\CONOOOO5.D

Method file name: D: \HPCHEM\1\METHODS\SYSSUIP.M

Flow: 0.200 ml/min

Pressure at start: 85 bar Pressure at end: 88 bar
Temperature at start: 25.1°C Temperature at end: 25.0°C

L Page 1 of 3
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Extended Performance Report (continued)

Solvents: PMP1,
PMP1,
PMP1,
PMP1,

Signal description: DAD1 A,

Solvent
Solvent
Solvent
Solvent

A
B
C
D

water

ACN

Sig=254,20 Ref=350,80

z

=}
—]
IIIIIII|III|III|III|III|IIIII

-
[}
=

Y
=
]

0.683 - Antipyrine

) [}
] =

=)
=

2576
283

DAD1 A, Sig=251,20 Ref=350,80 (SYSSUINCONO00DS DY

2 5.983 - Diazepam

JAN

[—]
=048

= —]
]

4 [ min
Compound# 2 Antipyrine
Amount [ng]: 51.1385
Peak description [min]:
Signal: DAD1 A, Sig=254,20 Ref=350,80
RetTime: 0.583 K’ : 0.706
Height: 79.78 Area: 371.2 mAU_|
Start: 0.5406 End: 0.956 ]
Skew: 0.898 Excess: 1.643 604
Width at half height: 0.067 ]
5 sigma: 0.196 10
tangent: 0.117 ]
tailing: 0.190 E
Symmetry: 0.483 Zni
USP Tailing: 1.657 ﬂ: | X
Integration type: HV _L//’f
Time increment [macc]: 400.0 ]
Data points: 66 20—, T T T T T T
0.6 0.8 min

Page 2 of 3
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Extended Performance Report (continued)

(

Resolution Tangent method: 2.015
Halfwidth method 2.034

The peak description
and statistical moments

are repeated for each
compound

Statistical moments (BB peak detection): Efficiency: Plates per
MO : 514.1 column meter
M1: 0.699 Tangent method 541 18020
M2: 0.00341 Halfwidth method 581 19360
M3: 0.000179 5 sigma method 385 10153
M4: 0.000054 Statistical 143 4782

Relationship to preceeding peak: Selectivity: 3.217

5 sigma method 1.700
Statistical method 1.067

***% End of Report ***
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Sequence Summary Report — Compound Summary

Sequence Summary Parameters: Instrument 1

Activate report: Style:

X1
X 2
X3
x 4
[ 5

XXXXXX XX XXXXXX
XX XX XX XX XX
XX XX XX XX
XX XX XXXXXX
XX XX XX XX
XX XX XX XX
XX XX XX XX

XXXXXX XXXXXX XX

S EQUENCE
SUMMARY

REPORT
A.G Huesgen

1100 Wellplate Autosampler A
1100 Column Thermostat A
1100 Diode Array Detector S5.03.91
1100 Binary Pump A
1100 Sample Thermostat n

Software Revisions for:

\ Page 1 of 7

[ B
7.
Ca
XA

Date/Signature
Instrument Configuration
Instrument: Instrument 1
Module Firmware revision Serial number

DE02700294
DE53400174
DE00900051
DE53500104
DE82203241

- Acquisition: Rev. A.08.03 [847] Copyright © Agilent Technologies
- Data Analysis: Rev. A.08.04 [1008] Copyright © Agilent Technologies

One page header
Configuration
Sequence
Logbook
Methods

Analysis reports

Stahtistics calib. runs Blandald Statishic

Statistics sample runs Blandald Statistic

Summary
Sample Summary

Cancel

25



Sequence Summary Report — Compound Summary (continued)

S eguence

Sequence Parameters:

Operator: agratz
Data File Naming: Prefix/Counter
Signal 1 Prefix: Lin2

Counter: 0001
Data Directory: D: \HPCHEM\ 1\DATA\
Data Subdirectory: NEWLINZ2
Part of Methods to run: Reprocessing only

Use SAMPLE.MAC
Wait Time after loading Method: 0 min

Barcode Reader: not used
Sequence Timeout: 0 min

Shutdown Cmd/Macro: none

Sequence Comment: Linearity Test

Sequence Table:

Sample Information Part:

Line Location Sample Information

1 Vial 1 1:10 diluted stock solution
2 Vial 1 1:10 diluted stock solution
3 Vial 1 1:10 diluted stock solution
4 Vial 1 1:10 diluted stock solution
5 Vial 1 1:10 diluted stock solution
6 Vial 1 1:10 diluted stock solution
7 Vial 2 1:100 diluted stock solution
8 Vial 2 1:100 diluted stock solution
9 Vial 2 1:100 diluted stock solution
10 Vial 2 1:100 diluted stock solution
11 Vial 2 1:100 diluted stock solution

x Page 2 of 7
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Sequence Summary Report — Compound Summary (continued)

Method and Injection Info Part:

Calibration Part:

Line Location SampleName Method

1 Vial 1 1:10dil. LINICHEM
2 Vial 1 1:10dil. LINICHEM
3 Vial 1 1:10dil. LINICHEM
4 Vial 1 1:10dil. LINICHEM
5 Vial 1 1:10dil. LINICHEM
6 Vial 1 1:10dil. LINICHEM
7 Vial 2 1:100dil. LINICHEM
8 vial 2 1:100di1l. LINICHEM
9 vial 2 1:100dil. LINICHEM
10 Vial 2 1:100di1l. LINICHEM
11 Vial 2 1:100di1l. LINICHEM

Line Location SampleName Method

Inj SampleType InjVolume DataFile

Sample
Sample
Sample
Sample
Sample
Sample
Sample
Sample
Sample
Sample
Sample

DN DONDNDNDNDNDNDNDN

w = O o

25
50
75
100
0.1

Callev Update RF Update RT Interval

Quantification Part:

Line Location SampleName

SampleAmount ISTDAmt

Multiplier Dilution

Vial
Vial
Vial
Vial
Vial
Vial
Vial
Vial
Vial
Vial
Vial

H P WOWOowJo U Wb -

= O

SR N NCRN NCT N Sy

e e T = S S G Sy B

:10dil.
:10dil.
:10dil.
:10dil.
:10dil.
:10dil.
:100dil.
:100dil.
:100d4il.
:100dil.
:100dil.

Sequence Output Parameters:

Print Sequence Summary Report (SSR):
SSR to Printer:
SSR to File:
SSR File Name:
SSR to HTML:
Print individual reports for each run:

Page 3 of 7

Yes

Yes

Yes
GLPrprt.txt
No

No
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Sequence Summary Report — Compound Summary (continued)

Sequence Summary Parameters:

One page header: Yes
Print Configuration: Yes
Print Sequence: Yes
Print Logbook: Yes
Print Method(s) : No
Print Analysis reports: No
Print Statistics for Calib. runs: No
Statistic Sample runs style: No
Summary style: Compound Summary

L ogbook
24 Jan 02 10:48 AM
Logbook File: D:\HPCHEM\1\DATA\NEWLIN2\LINZ2.LOG

Module # Event Message Time Date

Sequence LIN2.S started 10:47:06 01/24/02
Method Loading Method LINICHEM.M 10:47:07 01/24/02
Method Method started: 1line# 1 vial# 1 inj# 1 10:47:08 01/24/02
CP Macro Analyzing rawdata Lin20001.D 10:47:08 01/24/02
Method Method completed 10:47:10 01/24/02
Method Method started: 1line# 1 vial# 1 inj# 2 10:47:11 01/24/02
CP Macro Analyzing rawdata Lin20002.D 10:47:11 01/24/02
Method Method completed 10:47:13 01/24/02
Method Method started: 1line# 2 vial# 1 inj# 1 10:47:14 01/24/02
CP Macro Analyzing rawdata Lin20003.D 10:47:14 01/24/02
Method Method completed 10:47:16 01/24/02
Method Method started: 1line# 2 vial# 1 inj# 2 10:47:17 01/24/02
CP Macro Analyzing rawdata Lin20004.D 10:47:18 01/24/02
Method Method completed 10:47:19 01/24/02
Method Method started: 1line# 3 vial# 1 inj# 1 10:47:21 01/24/02
CP Macro Analyzing rawdata Lin20005.D 10:47:21 01/24/02
Method Method completed 10:47:22 01/24/02
Method Method started: 1line# 3 vial# 1 inj# 2 10:47:24 01/24/02
CP Macro Analyzing rawdata Lin20006.D 10:47:24 01/24/02
Method Method completed 10:47:26 01/24/02
Method Method started: 1line# 4 vial# 1 inj# 1 10:47:27 01/24/02
CP Macro Analyzing rawdata Lin20007.D 10:47:27 01/24/02
Method Method completed 10:47:29 01/24/02
Method Method started: 1line# 4 vial# 1 inj# 2 10:47:30 01/24/02
CP Macro Analyzing rawdata Lin20008.D 10:47:30 01/24/02
Method Method completed 10:47:32 01/24/02
Method Method started: 1line# 5 vial# 1 inj# 1 10:47:33 01/24/02
CP Macro Analyzing rawdata Lin20009.D 10:47:34 01/24/02
Method Method completed 10:47:35 01/24/02
Method Method started: 1line# 5 vial# 1 inj# 2 10:47:37 01/24/02
CP Macro Analyzing rawdata Lin20010.D 10:47:37 01/24/02
Method Method completed 10:47:39 01/24/02
Method Method started: 1line# 6 vial# 1 inj# 1 10:47:40 01/24/02

L Page 4 of 7
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Sequence Summary Report — Compound Summary (continued)

CP Macro
Method
Method
CP Macro
Method
Method
CP Macro
Method
Method
CP Macro

Logbook File:
Module #

Method
Method
CP Macro
Method
Method
CP Macro
Method
Method
CP Macro
Method
Method
CP Macro
Method
Method
CP Macro
Method
Method
CP Macro
Method
Method
CP Macro
Method
Method
CP Macro
Method
Sequence

Analyzing rawdata Lin20011.D

Method completed

Method started: 1line# 6 vial# 1 inj# 2
Analyzing rawdata Lin20012.D

Method completed

Method started: 1line# 7 vial# 2 inj# 1
Analyzing rawdata Lin20013.D

Method completed

Method started: 1line# 7 vial# 2 inj# 2
Analyzing rawdata Lin20014.D

24 Jan 02 10:48 AM

D: \HPCHEM\ 1\DATA\NEWLIN2\LINZ2.LOG
Event Message

Method completed

Method started: 1line# 8 vial# 2 inj# 1

Analyzing rawdata Lin20015.D

Method completed

Method started: 1line# 8 vial# 2 inj# 2

Analyzing rawdata Lin20016.D

Method completed

Method started: 1line# 9 vial# 2 inj# 1

Analyzing rawdata Lin20017.D

Method completed

Method started: 1line# 9 vial# 2 inj# 2

Analyzing rawdata Lin20018.D

Method completed

Method started: 1line# 10 vial# 2 inj# 1
Analyzing rawdata Lin20019.D

Method completed

Method started: 1line# 10 vial# 2 inj# 2
Analyzing rawdata Lin20020.D

Method completed

Method started: 1line# 11 vial# 2 inj# 1
Analyzing rawdata Lin20021.D

Method completed

Method started: 1line# 11 vial# 2 inj# 2
Analyzing rawdata Lin20022.D

Method completed

LIN2.S completed

10:
10:
10:
10:
10:
10:
10:
10:
10:
10:

47 :
47 :
47 :
47 :
47 :
47 :
47 :
47 :
47 :
47 :

40
42
43
43
45
46
47
48
50
50

01/24/02
01/24/02
01/24/02
01/24/02
01/24/02
01/24/02
01/24/02
01/24/02
01/24/02
01/24/02

01/24/02
01/24/02
01/24/02
01/24/02
01/24/02
01/24/02
01/24/02
01/24/02
01/24/02
01/24/02
01/24/02
01/24/02
01/24/02
01/24/02
01/24/02
01/24/02
01/24/02
01/24/02
01/24/02
01/24/02
01/24/02
01/24/02
01/24/02
01/24/02
01/24/02
01/24/02

Page 5 of 7
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Sequence Summary Report — Compound Summary (continued)

Compound Summarzry

Sequence table: D: \HPCHEM\CORE\LIN2.S

Data directory path: D: \HPCHEM\1\DATA\NEWLIN2

Logbook: D: \HPCHEM\ 1\DATA\NEWLIN2\LINZ2.LOG

Sequence start: 10/25/00 6:58:26 AM

Operator: agratz

Method file name: D:\HPCHEM\1\METHODS\LINICHEM.M

Sample Name Sample Amt Multip.* FileName RetTime Amount Compound

[ng] Dilution .D [min] [ng]

---------------- |- || |

samplel 0.00000 1.0000 Lin20001 2.071 - -
3.005 41.80740 Phenacetine
5.061 27.57288 Diazepam

sample?2 0.00000 1.0000 Lin20002 2.071 - -
2.927 37.71584 Phenacetine
4.931 24.68503 Diazepam

sample3 0.00000 1.0000 Lin20003 2.159 113.94044 Antipyrine
2.921 249.65462 Phenacetine
4.927 162.09926 Diazepam

sampled 0.00000 1.0000 Lin20004 2.138 115.89423 Antipyrine
2.888 254.19389 Phenacetine
4.893 167.32050 Diazepam

sampleb 0.00000 1.0000 Lin20005 2.071 - -
2.967 533.16102 Phenacetine
4.977 350.64724 Diazepam

sample6 0.00000 1.0000 Lin20006 2.071 - -
2.935 555.34634 Phenacetine
4.885 359.02135 Diazepam

sample? 0.00000 1.0000 Lin20007 2.120 770.88338 Antipyrine
2.932 1659.61614 Phenacetine
4.939 1090.77773 Diazepam

sample8 0.00000 1.0000 Lin20008 2.156 766.86882 Antipyrine
2.978 1658.25754 Phenacetine
4.990 1088.46781 Diazepam

sample9 0.00000 1.0000 Lin20009 2.112 1298.20959 Antipyrine
2.956 2780.26621 Phenacetine
4.874 1801.76061 Diazepam

samplelO 0.00000 1.0000 Lin20010 2.125 1265.65752 Antipyrine
2.931 2753.00356 Phenacetine
4.917 1784.44912 Diazepam

samplell 0.00000 1.0000 Lin20011 2.070 2206.34622 Antipyrine
2.928 4737.72659 Phenacetine
4.931 3055.52966 Diazepam

samplel?2 0.00000 1.0000 Lin20012 2.157 2219.77978 Antipyrine
2.959 4771.25573 Phenacetine
4.905 3043.14819 Diazepam

samplel3 0.00000 1.0000 Lin20013 2.172 438.70069 Antipyrine
2.939 937.28787 Phenacetine
4.901 599.59734 Diazepam

. Page 6 of 7
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Sequence Summary Report — Compound Summary (continued)

(

sampleld

samplel5

samplel6

samplel?

samplel8

samplel9

sample20

sample2l

sample22

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

.00000

1.0000 Lin20014 .137
.920
.914
.130
.956
.946
.071
.062
.914
112
.958
.943
.114
.970
.970
.152
.019
.973
.135
.975
.943
.155
.010
.003
.156
.042
.988

1.0000 Lin20015

1.0000 Lin20016

1.0000 Lin20017

1.0000 Lin20018

1.0000 Lin20019

1.0000 Lin20020

1.0000 Lin20021

1.0000 Lin20022

BW DN O WN B®SDNDDNDDEWNDEENNDBEEDNDDNDDDWNDDSDNDDNDSNDDN

431.
922.
598.
1050.
2257.
1454.

2266.
1450.
1860.
4083.
2601.
1846.
4045.
2576.
2485.
5268.
3410.
2489.
5298.
3415.
2961.
6013.
4037.
2983.
6012.
4010.

19756
41613
82718
21043
23577
09021

63554
54300
82017
57167
71134
79895
19575
86650
47770
86688
01754
66113
02094
39103
16799
24563
60722
41614
35737
73532

Antipyrine
Phenacetine
Diazepam
Antipyrine
Phenacetine
Diazepam
Phenacetine
Diazepam
Antipyrine
Phenacetine
Diazepam
Antipyrine
Phenacetine
Diazepam
Antipyrine
Phenacetine
Diazepam
Antipyrine
Phenacetine
Diazepam
Antipyrine
Phenacetine
Diazepam
Antipyrine
Phenacetine
Diazepam

***% End of Report ***
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Sequence Summary Parameters: Instrument 1

Aclivate report: Style:
[ 1. One page header
[ 2. Configuration
o 35
Sequence Summary Report — Standard Statistics for L8 5anuancs
[ 4. Logbook
Sample Runs
[ 5. Methods
e [T 6. Analysis repoits
Statistic Report [C 7. Statistics calib. runs Blandald Statistic
[% 8. Statistics sample runs Blandald Statistic
Sequenée table: D:\HPCHEM\1\SEQUENCE\NEWLIN.S ® 9. Summary
Data directory path: D: \HPCHEM\1\DATA\NEWLIN
Operator: agratz Compound Summary
| oK I Cancel I
Method file name: D: \HPCHEM\1\METHODS\LINI2.M
Run Location Inj Inj. Date/Time File Name Sample Name
# #
| |—== === [==—mm - |-————
1 vial 2 1 8/24/00 12:42:04 AM new00061.D samplel
2 Vial 2 2 8/24/00 12:51:09 AM new00062.D sample?2
3 Vvial 2 3 8/24/00 1:00:14 AM new00063.D sample3
4 vVial 2 4 8/24/00 1:09:18 AM new00064.D sampled
5 vial 2 5 8/24/00 1:18:21 AM new00065.D sample5
6 Vial 2 6 8/24/00 1:27:25 AM new00066.D sample6
7 Vial 2 7 8/24/00 1:36:30 AM new00067.D sample?
8 Vial 2 8 8/24/00 1:45:34 AM new00068.D sample8
9 vVial 2 9 8/24/00 1:54:38 AM new00069.D sample9
10 vial 2 10 8/24/00 2:03:42 AM new00070.D samplelO

Compound: Antipyrine (Signal: DAD1 A, Sig=254,20 Ref=350,80)

Run Type RetTime Amount Area Height Width Symm.
# [min] [ng] [mAU*s] [mAU] [min]
el RaneI EEEEE | = |- | = |-=--—-- |-~
1 BV 2.071 26.23064 834.52417 215.75279 0.0594 0.74
2 BV 2.071 26.28149 836.14185 216.26503 0.0594 0.74
3 BV 2.070 26.22879 834.46539 215.85945 0.0594 0.74
4 BV 2.070 26.27553 835.95233 216.52124 0.0594 0.74
5 BV 2.070 26.21720 834.09644 215.51944 0.0594 0.74
6 BV 2.070 26.19317 833.33203 216.02470 0.0593 0.74
7 BV 2.070 26.27779 836.02423 216.93185 0.0592 0.74
8 BV 2.072 26.29524 836.57941 216.89178 0.0593 0.74
9 BV 2.072 26.22549 834.36017 216.09763 0.0593 0.74
10 BV 2.071 26.21184 833.92590 216.06882 0.0593 0.74
———————— R e e
Mean 2.071 26.24372 834.94019 216.19327 0.0594 0.74
S.D.: 6.8le-4 3.53636e-2 1.12509 4.66512e-1 6.63e-5 1le-3
RSD : 0.033 1.34751e-1 1.34751e-1 2.15784e-1 0.1117 0.20

95% CI: 4.87e-4 2.52976e-2 8.04838e-1 3.33722e-1 4.74e-5 1le-3

\ Page 1 of 3 J
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Sequence Summary Report — Standard Statistics for Sample Runs

(

Compound: Phenacetine (Signal: DADl A, Sig=254,20 Ref=350,80)

Run Type RetTime Amount Area Height Width Symm.
# [min] [ng] [mAU*s] [mAU] [min]
el RaE eI EEEEE | = |- | == R |-----
1 BB 3.035 12.05932 1203.01074 357.49438 0.0528 0.88
2 BB 3.035 12.07862 1204.93591 357.76285 0.0527 0.87
3 BB 3.035 12.05487 1202.56653 357.16501 0.0527 0.88
4 BB 3.035 12.07567 1204.64221 357.80615 0.0527 0.88
5 BB 3.036 12.05951 1203.02979 356.62448 0.0528 0.87
6 BB 3.036 12.02965 1200.05090 356.52957 0.0528 0.88
7 BB 3.037 12.08083 1205.15625 357.92139 0.0527 0.88
8 BB 3.037 12.06433 1203.51099 357.60211 0.0527 0.88
9 BB 3.039 12.05340 1202.42065 356.89868 0.0527 0.87
10 BB 3.038 12.04430 1201.51282 356.41678 0.0528 0.88
———————— R e R T R
Mean: 3.036 12.06005 1203.08368 357.22214 0.0527 0.88
S.D.: 1.35e-3 1.59266e-2 1.58880 5.70986e-1 3.70e-5 6e-3
RSD : 0.045 1.3206le-1 1.3206le-1 1.59840e-1 0.0702 0.68
95% CI: 9.69e-4 1.13932e-2 1.13656 4.08458e-1 2.65e-5 4e-3
Compound: Diazepam (Signal: DAD1 A, Sig=254,20 Ref=350,80)
Run Type RetTime Amount Area Height Width Symm.
# [min] [ng] [MAU*s] [mAU] [min]
el RanEI EEEEE | = |- | = R |-~
1 BB 5.085 17.51478 820.56067 228.97469 0.0556 0.84
2 BB 5.086 17.54309 821.88702 229.58243 0.0557 0.84
3 BB 5.085 17.51162 820.41229 229.04759 0.0557 0.84
4 BB 5.084 17.54478 821.96600 229.60602 0.0557 0.84
5 BB 5.086 17.51105 820.38562 229.37668 0.0556 0.84
6 BB 5.087 17.47411 818.65503 228.69946 0.0556 0.85
7 BB 5.088 17.54951 822.18774 229.63567 0.0556 0.84
8 BB 5.088 17.51423 820.53491 229.10289 0.0556 0.84
9 BB 5.090 17.51381 820.51508 229.17131 0.0557 0.84
10 BB 5.090 17.50570 820.13525 228.79688 0.0556 0.84
———————— R e e B
Mean: 5.087 17.51827 820.72396 229.19936 0.0556 0.84
S.D.: 2.12e-3 2.24801e-2 1.05318 3.38200e-1 3.77e-5 2e-3
RSD : 0.042 1.28324e-1 1.28324e-1 1.47557e-1 0.0678 0.29

95% CI: 1.52e-3 1.60813e-2 7.53401le-1 2.41934e-1 2.70e-5 2e-3
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Sequence Summary Report — Standard Statistics for Sample Runs

Sample Summazry
Sequence table: D: \HPCHEM\1\SEQUENCE\NEWLIN.S
Data directory path: D: \HPCHEM\ 1\DATA\NEWLIN
Logbook: D:\HPCHEM\1\DATA\NEWLIN\NEWLIN.LOG
Sequence start: 8/24/00 12:42:04 AM
Statistic report on calibration runs: 1
Operator: agratz
Method file name: D:\HPCHEM\1\METHODS\LINI2 .M

Run Location Inj Sample Name Sample Amt Multip.* File name Cal # Page

# # [ng] Dilution Cmp #
S e | ====mmm- | === | ===mmmmm- |~ ===1-=-
1 vial 2 1 samplel - 1.0000 new0O0061.D * 3 -
2 Vial 2 2 sample2 - 1.0000 new00062.D * 3 -
3 Vial 2 3 sample3 - 1.0000 new00063.D * 3 -
4 vial 2 4 sampled - 1.0000 new00064.D * 3 -
5 vial 2 5 sampleb - 1.0000 new00065.D * 3 -
6 Vial 2 6 sampleb - 1.0000 new0O0066.D * 3 -
7 Vial 2 7 sample? - 1.0000 new0O0067.D * 3 -
8 Vial 2 8 sample8 - 1.0000 new00068.D * 3 -
9 vial 2 9 sample9 - 1.0000 new00069.D * 3 -
10 vial 2 10 samplelO - 1.0000 new00070.D * 3 -

***% End of Report ***

L Page 3 of 3
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Abstract

A previous application note presented results for analysis
of the polybrominated diphenyl ethers (PBDEs) in poly-
mers using the 5973N inert MSD [1]. Mass spectra were
presented and interpreted for all of the important PBDEs.
The new 5975 inert MSD provides many new features and
improvements with expanded mass range to 1050 u being
but one. This note presents the full spectra of the octa-,
nona and decabrominated biphenyls ethers including ions
that appear beyond the mass range of the previous

5973 MSD platform.

Introduction

PBDEs have become the “new PCBs” due to their
widespread detection throughout the ecosystem.
They have some structural and consequently mass
spectral features in common with the polychlori-
nated biphenyls (PCBs) as well. The series of frag-
ments formed by loss of chlorines (M-nCl,)
generates a number of intense ions useful in their
determination. The PCBs also show relatively
intense molecular ion clusters that assist in distin-
guishing the congeners. Similar attributes are
expected and hoped for the PBDEs which show
much more analytical difficulty than the PCBs.

Diphenyl Ethers (PBDEs)

L4 Environmental, Component Testing

This note presents the full scan spectra obtained
for the PBDEs over the extended mass range of

the 5975 inert MSD. The polymeric sample prepa-
ration and extraction protocols are cited elsewhere
and supply two approaches to PBDE
determinations [1].

Experimental

PBDE standards were acquired from Cambridge
Isotope Laboratories (Andover, MA) and
AccuStandard (New Haven, CT).

Instrumental Configuration and Conditions

The 6890 GC configuration and conditions are
given in the previous application note [1]. The
5975 inert MSD system was operated in scan mode
for acquisition of the PBDE spectra. The MSD scan
operating parameters are cited in Table 1.

Table 1. 5975 inert MSD Configuration and Parameters

Mass spectrometer parameters

lonization mode Electron impact

lonization energy 70eV

Tune parameters Autotune
Electron multiplier voltage Autotune + 400V
Scan mode 200-1000 u
Quadrupole temperature 150 °C

Inert source temperature 300 °C

Full conditions and parameters, as appropriate to
the polymer analysis cited in reference 1, are avail-
able in the eMethod for this analysis
(www.agilent.com/chem/emethods).

Agilent Technologies



Results

El Spectra of the Higher Molecular Weight PBDEs

Figures 1, 2, and 3 present the full-scan spectra of
an octa-, nona- and the decabromodiphenyl ether.
Note that most intense ions in all cases are the
[M-Br;]" and the corresponding to [M-Br:]*? ions.
The relative abundance of the molecular ion
clusters [M]" are under 30%. Figure 4 compares the

theoretical isotopic pattern to that experimentally
obtained by the 5975 inert MSD. Agreement is
good in both the abundance of the isotopes and the
mass accuracy using the standard system
Autotune. Mass accuracy agrees to within 0.2 m/z
of the theoretical and experimental values. Table 2
presents the important ions for the PBDEs greater
than the dibromoDE. These ions are those most
important to characterizing the technical mixtures
used as additives to polymers.

100 641
1 [M-Br,]*
90
80
70
60; [M'B’z]+2
50{ 321
40{ 562
] (my*
SOE 232 801
] 482
207 375 -
b 281
i 723
10 404 457 m
0—: IR ‘H‘““‘
200 250 300 350 400 450 500 550 600 650 700 750 800
Figure 1.  Electron impact ionization spectrum of an octabromodiphenyl ether (PBDE-203) from 200 to 810 m/z.
100{ 719
1 [M-Br,]*
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80*: [M-Br2]+2
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Figure 2.

Electron impact ionization spectrum of a nonabromodiphenyl ether (PBDE-208) from 200 to 890 m/z.
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Electron impact ionization spectrum of the decabromodiphenyl ether (PBDE-209) from 200 to 1000 m/z.
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Figure 4. Experimental spectrum of the decabromodiphenyl ether (PBDE-209) molecular ion cluster [M]*

versus theory.
Table 2. Important lons for the PB,DEs (n>2)
PBDE The user should note the ion source and quadru-
bromination [(m]* [M-Br,]* [M-Br,]*? pole temperature settings in Table 1. Figure 5 pre-
3 405.8 246.0 123.0 sents SIM acquisitions of several higher molecular
4 4857 3259 162.9 weight PBDEs at source temperatures of 300 °C
5 563.6 403.8 201.9 and 230 °C. Notice the signal height roughly dou-
6 643.5 483.7 241.9 bles on average for the PBDEs at the higher ion
7 7215 561.6 (280.8™) source temperature. The insert in the figure shows
g g%g S;‘;i gég;‘ the improvement in the peak shape for the hexa-
10 959.2 799.3 3997 brominated diphenyl ether. This peak sharpening

**The 280.8 and 281.8 m/z ions can be compromised by column bleed interferences
so these have not been used in acquisition although they provide a useful
diagnostic for column degradation.

accounts for the increase in signal height. Since
these compounds elute at higher temperatures



among other high boiling components that belong
to the matrix, heating the quadrupole is important
for robust and low maintenance operation in
samples.

www.agilent.com/chem

—— 300 °C
| i — 230 °C
. . 300 °C

T T T
f — 230°C
| —230°C

—230°C

—230°C —230°C

Hexa-BDE Hepta-BDE Octa-BDE Nona-BDE Deca-BDE

Figure 5.
expanded view of hexa-BDE overlays near baseline.

Conclusions

The new 5975 inert MSD has an expanded set of
features including mass range. High mass accuracy
under standard autotuning is obtained even at the
high masses typical of the brominated diphenyl
ethers. As users survey higher mass compounds,
the heated quadrupole and high temperature capa-
bilities of the 5975 inert MSD will become even
more important to rugged and robust analyses in
complicated samples.

More details on the other relevant instrumental
parameters are available in the eMethod
(www.agilent.com/chem/emethods).
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1. C. Tu, and H. Prest, Determination of
polybrominated diphenyl ethers in polymeric
materials using the 6890 GC/5973N Inert MSD

Overlaid RIC SIM acquisitions of five PBDEs at ion source temperatures of 230 °C and 300 °C. Insert is

with electron impact ionization. Agilent
Technologies, publication 5989-2850EN,
www.agilent.com/chem
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. Achieving fastest analyses with the
O Agilent 1200 Series Rapid Resolution
: ® ¢ - | C system and 2.1-mm id columns

Application Note Michael Frank

Abstract

The need to increase the daily throughputs of LC systems is a constant
desire. Now, with the Agilent 1200 Series Rapid Resolution LC system
highest throughputs are possible, and in combination with the Agilent
ZORBAX RRHT columns and the increased pressure and temperature
range of the LC system, excellent chromatographic resolution can be
achieved even at run times below one minute.

This Application Note describes the correct set-up of the instrument
which is the key for optimal results with narrow bore columns, such as a
2.1 mm x 50 mm column packed with sub two micron particles. Peak
capacities in the range of fifty in analysis times as short as 24 seconds
and peak widths as narrow as 200 milliseconds are shown. The well-bal-
anced use of all possible module options to achieve shortest cycle times
with throughputs far beyond 1500 samples per day is described.

Agilent Technologies



Introduction

Particularly analytical service lab-
oratories in the pharmaceutical
industry, responsible for analyzing
chemical libraries! or performing
MS based quantifications of cer-
tain ADME-properties and drug
metabolism studies of drug candi-
dates? are faced with the chal-
lenge to increase their throughput,
but also to maintain a high chro-
matographic resolution. In 2003
Agilent Technologies introduced
sub two micron particles in their
RRHT column series. Because of
the small particle size, the chro-
matographic resolution obtainable
with these columns is superior to
standard particle sizes such as

3.5 pm or even 5 pm. Due to a
unique silica manufacturing
process, Agilent ZORBAX RRHT
columns show a significantly
reduced backpressure, if com-
pared to similar column dimen-
sions of other manufacturers.
Excellent chromatographic results
are achieved in a very short
analysis time with the Agilent
1200 Series Rapid Resolution LC
system, which facilitates an
increased pressure range and flow
rates from 0.05 up to 5 mL/min
using column diameters ranging
from 2.1-mm id up to 4.6-mm id.
This Application Note will focus
on 2.1-mm id columns only.

Not only are the run times of

the analyses important for high
throughput, but also the overhead
time. The Agilent 1200 Series
Rapid Resolution LC system can
be optimized to achieve highest
throughputs with exceptionally
good overall system performance.

Experimental

An important issue when dealing
with narrow bore columns, espe-
cially in gradient mode where
smallest peak widths can be
achieved, is to have small extra
column volumes. This also includes
any volumes in front of the sam-
pling device, because any volume
after the solvent mixing point will
increase the time for the gradient
composition to reach the column.
This results in an increased run
time. The Agilent 1200 Series Rapid
Resolution LC system can be recon-
figured within a few minutes to pro-
vide appropriate system volumes
for different column ids. Here, the
pumps are set-up in the low delay
volume configuration with an
internal volume of approximately
120 pL. All other modules are opti-
mized for lowest delay volumes by
using the low delay volume capillary
kit (G1316-68744). Consequently,
only capillaries of 0.12 mm id are
used beyond the injection valve. In
the Agilent 1200 Series thermostat-
ted column compartment SL the
newly introduced low dispersion

heat exchangers with 1.6 pL internal
volume were used. In some experi-
ments, the Agilent 1200 Series
Rapid Resolution LC is set up for
alternating column regeneration to
achieve highest throughput using
the ACR-capillary kit (G1316-68721)
and 2.1-mm id columns?. The high
pressure rated 2-position/10-port
valve in the thermostatted column
compartment was only placed into
the flow path if alternating column
regeneration was used indeed.

The instrument set-up is as follows
(figure 1):

e Agilent 1200 Series binary pump
SL with the new Agilent 1200
Series micro vacuum degasser

e Agilent 1200 Series high perfor-
mance autosampler SL

e Agilent 1200 Series thermostatted
column compartment SL, equipped
with a high pressure, 2-position/
10-port valve, facilitating
alternating column regeneration

e Agilent 1200 Series diode-array
detector SL with a 2-nl/3-mm cell

e ZORBAX SB C18,
2.1 mm id x 50 mm, 1.8 pm

/

Regeneration pump

(only for alternating ! -

column regeneratlon)

Degasser

Gradientpump

Diode array detector
(with 2 uL/3 mm cell)
™~

Column compartment
(with 2 PS/10PT valve)

Autosampler

Thermostat

N

/

Figure 1

System setup with low delay volume for high speed applications using 2.1-mm id columns with

lengths from 20 to 50 mm.



The Agilent 1200 Series binary pump
SL is designed to fulfill the demands
for high throughput, highest perfor-
mance, optimum resolution and low-
est pump ripple. The pump hard-
ware is significantly different from
the standard binary pump. In the
Agilent 1200 Series binary pump SL
the pressure transducer is separate
from the damper which has been
modified to have a lower delay vol-
ume (pressure dependent ranging
from 80-280 pL). In this study the
pumps were used in the low delay
volume configuration without the
mixer and damper in the flow path.
In contrast to the standard binary
pump the pump heads of the binary
pump SL have an additional damp-
ing coil (500 pL volume each) to
allow damping in the low delay vol-
ume configuration. This does not
add to the gradient delay volume
because it is before the mixing
point. Anyhow, pressure ripples are
also strongly suppressed by the
Electronic Damping Control (EDC).
The pressure range of the pump and
all other modules is increased to
600 bar.

Only one sample, the so-called “phe-
none-mix”, was used in the course
of this study to keep variations low.
The sample consists of nine com-
pounds: acetanilid, acetophenone,
propiophenone, butyrophenone,
benzophenone, valerophenone,
hexanophenone, heptanophenone
and octanophenone. Unless other-
wise stated, the concentration was
0.1 pg/pL for each compound except
butyrophenone which was 0.2 ng/jL.
The solvent was water-acetonitril 2:1.

Results and discussion

The most frequently sold particle
size in chromatographic columns
today is 5 pm. Of course, fast and
ultra fast LC is also possible with
columns packed with particles of
these larger diameters — the reduced

0.0045 b
ZORBAX Eclipse XDB-C18
0.0040 4.6 x 50 mm (30 mm)
85:15 ACN:water
0.0035 '1 1.0 pL Octanophenone
| 0.05— 5.0 mL /min
0.0030 20 °C
0.0025 -
£ 0.0020
S
£ 00015
o
5 0.0010
ag
0.0005
0.0000
-0-0005 T T T T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0 1.2 14 16
linear velocity u, [cm/sec]
- ¢ J
Figure 2

Van Deemter curves of columns packed with 1.8 pm, 3.5 pm and 5.0 pm particles.

back pressure is even beneficial to
allow higher flow rates. However,
resolution will be sacrificed because
conditions are usually far on the right
side of the van-Deemter-optimum.
Here, the big advantage of the RRHT
columns with particles of less than
2 pm diameter is proven. The van
Deemter optimum is shifted further
to the right and the curve is much
flatter at the onset because the
“resistance of mass transfer” term is
diminished (figure 2). In figure 3 the
analysis on a 2.1-mm id column with
1.8-pm particles is compared to the
linear scaled analysis on the same
stationary phase but on 5 pm particles
packed in a 4.6-mm id-column. The
gain in resolution is obvious — from
Rs = 2.1 up to Rs = 3.5 for the critical
pair which matches the theoretically
expected value of a 1.66 fold increase
in resolution. Also note that there is
a saving in solvent consumption of
8.6 mL in the “standard” HPLC analysis
and only 1.8 mL in the ultra fast
HPLC analysis.

For gradient separation the depen-
dencies of the capacity factor can
be expressed as:

k*=087-tg - —————
Vm-A%B - S
(tg = gradient time, F = flow rate,
Vm = colummn void volume,

A% B = gradient steepness,

S = solvent and solute dependent
JSactor)

If the product of the gradient time
and flow rate, the so-called gradi-
ent volume, is kept constant
together with all other parameters,
the gradient time might be
decreased while the flow rate is
increased. Thus, the capacity fac-
tors of two compounds will stay
constant and if no large alteration
of the plate height occurs, the reso-
lution will not change significantly,
either. The final point is the big
advantage of the sub two micron
particles — the van-Deemter curve
is nearly flat on the right side of
the minimum (figure 2) and flow
rates can be increased with only
little increase in plate heights.
However, the equation is an em-
pirical one and deviations
may occur especially under
extreme conditions.



With a two-step approach, highest
gradient speeds with virtually no
loss or only little loss in resolution
can be achieved. In the first step,
start from a medium temperature
and begin to increase the flow rate
up to the pressure maximum.
Subsequently the temperature
should be increased to lower the
viscosity of the solvent and then
the flow rate is increased again. It
may be worthwhile to check the
resolution with two identical gradi-
ents but with different tempera-
tures to see the influence of the
temperature change on the resolu-
tion which may be very compound
dependent. In figure 4 the result of
this approach is shown. A nearly
7-fold increase in separation speed
could be achieved with still base-
line separation of the critical pair
before meeting the pressure and
temperature limit (the maximum
temperature is a function of flow,
temperature, number of controlled
Peltier elements and of the heat
capacity of the solvent used).

Conditions:

Solvent: A =water, B=ACN

Temp.: 40 °C, 80 °C, 95 °C

Flow: 0.35, 0.70, 1.20,
2.00, 2.40 mL/min

Gradient:  0.00 min 35 %B

2.60 min 95 %B
3.20 min 95 %B
3.21 min 35 %B
Time values for F = 0.35 mL/min.
For all other flow rates times are
scaled so that (tg x F) = 0.90 mL
Stop time:  3.20 min
Post time:  2.00 min
Wavelength: 245 nm (8), Ref. 450 nm (100)
Peak width: >0.0025 min (0.05 s response time),
80 Hz

Solvent consumption = 8.6 mL
F = 4.80 mL/min

T=40°C

Run time = 1.80 min

4.6 mm x 50 mm 5.0 um
Rs (45) =21

0 0.2 0.4 0.6 0.8 1 min

2.1 mm x 50 mm 1.8 um
Rs (45)=35

Solvent consumption = 1.8 mL
F =1.00mL/min

T=40°C

Run time = 1.80 min

T T T T T T

0 0.2 0.4 0.6 0.8 1 min
- /

Figure 3
Analysis with 1.8-pm particle column vs. 5.0 pm particle column.

Conditions: 4.6-mm id column used on standard Agilent 1200 system
Solvent: A = Water, B = ACN
Temperature: 40 °C
Column: 2.1 mm x 50 mm, 1.8 pm 4.6 mm x 50 mm, 5.0 pm
Flow: 1.0 mL/min 4.8 mL/min (scaled from 2.1 mm col.)
Gradient: 0.00 min 35 %B 0.00 min 35 %B
0.90 min 95 %B 0.90 min 95 %B
1.10 min 95 %B 1.10 min 95 %B
1.11min 35%B 1.11min 35% B
Stoptime: 1.15 min 1.15 min
Posttime: 0.70 min 0.70 min
Wavelength: 245 nm (8), ref. 450 nm (100) 245 nm (8), ref. 450 nm (80)
Peakwidth: >0.0025 min (0.05 s res.time), 80 Hz  >0.01 min (>0.2 s), 20 Hz
Injection volume: 1uL 5 L (not scaled)
e N\
F =0.35 mL/min
T=40°C |
tg=2.60 min
F =0.70 mL/min
T=40°C
tg=1.30 min
F =1.20 mL/min
T=40°C
tg=0.75 min
F =2.00 mL/min
T=80°C
g L il tg x F=const.=0.9 mL
F = 2.40 mL/min
T=95°C
tg=0.38 min
0.5 1.0 15 2.0 2.5 3.0 min
o
Figure 4

Increasing separation speed by increasing temperature and flow rate while decreasing gradient
time.




The last chromatogram is enlarged
in figure 5 and reveals the details
of this separation. The first peak is
eluted after only five seconds and
peaks with a width at half height of
less than 200 ms are achievable.
Within twenty-four seconds nine
compounds are separated with a
peak capacity in the range of fifty.

Retention time precision at highest
analysis speed

High analysis speed is meaningless
without precision. One basic per-
formance criteria for HPLC pumps
is the precision of gradient forma-
tion measured by the precision of
retention times of repeated gradi-
ents. However, the stability of the
column temperature must also be
taken into consideration, because
temperature fluctuations will also
influence the retention times of a
given sample. In table 1 and figure
6 the results from the 10-fold
repeated analysis of a standard
sample are listed and since the
deviation between individual runs
is so small, the octanophenone
peak is enlarged in a separate win-
dow. This sample contains com-
pounds that are both not retained
and refer to isocraticly eluted com-
pounds found at the starting condi-
tions of the gradient, as well as
highly unpolar and strongly
retained compounds. The analyses

Conditions:
Solvent: A =Water, B=ACN
Temp.:  40°C,80°C
Flow: 0.35 mL/min, 1.20 mL/min, 2.0 mL/min
Gradient: 0.00 min 35%B
2.60 min 95%B
3.20 min 95%B
3.21 min 35%B
Time values for F = 0.35 mL/min.
For all other flow rates times are
scaled so that (time x flow) = 0.90 mL
Stop time: 3.20 min
Post time: 2.00 min
Injection vol.:1.0 pL
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Figure 5
Separation of a nine compound mixture under ultra fast conditions.
~
Low flow Low temp. Low flow High temp.
mAU 4 F=0.35 mL/min T=40° mAU , F=0.35 mL/min T=80°C
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Figure 6

Overlaid chromatograms of the repeated analysis of a 9 compound mixture under various

conditions.



were done at high and low flow
rates as well as with high and low
temperatures as in the examples
shown earlier. In all cases the
mean retention time precision is
below 0.3 % RSD, which was the
specification of the Agilent 1100
Series LC system. Of course, the
results are also in line with the
specifications for the new Agilent
1200 Series Rapid Resolution LC
system which is < 0.07 % RSD or
< 0.02 min SD, whichever is met
first. At these high gradient speeds,
the SD criteria are always met. The
RSD criteria are also met for both
fast-LC gradients of 2.6 min dura-
tion (0.35 mL/min flow rate). Even
at ultra-fast gradient speeds, the
retention time precisions are still
below or only slightly higher than
0.1% RSD (table 1).

Improving the cycle-time

Not only is the gradient speed
important when dealing with high-
throughput analysis but further-
more the over all cycle time of the
entire system, which is the time
between two consecutive analyses.
A good method to measure the
cycle time is by using the time
stamp the data file is assigned by
the operating system of the com-
puter. Clearly, optimizing the cycle
time has some drawbacks. For
example, extensive needle cleaning
procedures are in contradiction
with a high sampling speed. Table 2
gives an overview of important
parameters influencing the cycle
time. Using 1.8-pm particle size
columns together with an opti-
mized HPLC system very short run
times can be achieved without sac-
rificing chromatographic resolu-
tion. Combining short run times
together with low overhead times
will result in a high daily through-
put. In figure 7 the cycle time and
daily throughput is shown for two

0.35 mL/min, 40°C 0.35 mL/min, 80°C 1.20 mL/min, 40°C 2.00 mL/min, 80°C

SD % RSD SD % RSD SD % RSD SD % RSD
Average 0.00107  0.067 0.00084 0.070 0.00048 0.098 0.00031 0.134
Table 1

Standard deviations (mAU) and %RSD (n=10) of the retention times under different chromato-

graphic conditions in temperature and flow.

Module

Parameter

Effect on cycle time Other effects

Pump

Low delay volume setting

Reduced retention times,
run time can be shortened,
reduced cycle time

Increased pressure
ripple, slightly increased
mixing noise if modifiers
such as TFA are used.

Autosampler

Automatic Delay Volume
Reduction (ADVR) —
activated

ADVR activated and
Overlapped Injection (0l)

no Ol — Needle Wash

no Ol — Equilibration time

no Ol — Draw/Eject speed

Reduced delay volume,
reduced retention times, run
time can be shortened,
reduced cycle time

Enables parallel sampling,
thus reduces the cycle time
independently of the below
listed settings (as long as the
overall sampling speed does
not exceed the gradient and
post time)

Increased sampling time
with increasing wash time

Increased carry-over

Increased carry-over

Reduced carry-over
with longer needle
wash time

Increased sampling time with Better injection precision
increased equilibration time  with longer equilibration
time

Low speed results in
better injection precision

Low speed causes
increased sampling time

Column Alternating column Saves column wash-out and Additional hardware
compartment  regeneration equilibration time, reduces  required, slightly
cycle time enormously increased extra column
volume, slightly different
retention times between
columns possible
Detector Pre-run and/or post-run  Increased cycle time Baseline drifts possible
balance if not applied
Spectral data acquisition  Depending on computer Reduced information
with high data rate, small power and additional content if no spectral
band width and broad processes running might data acquired or with
wavelength range large increase cycle time lower resolution
data files because of writing speed
Software Data analysis with Increased cycle time, Data analysis has to be
acquisition depending on computer done offline is no set
power and number of peaks
Save method with data Slightly increased cycle time Information is missing
if method is not saved
Execution of pre-run or Increased cycle time, Depending on macro
post-run macros depending on macro
System LC controlled over local ~ Faster data and method Additional hardware
network between computer transfer between computer might be necessary
and LC (and MS) only and LC because of reduced (use independent
net work traffic reduced acquisition computer)
cycle time
Number of detectors More detectors produce a  More detectors higher
higher data amount and information content
lower the data transfer speed,
resulting in higher cycle times
Table 2

Influence of various parameters on the overall cycle time.



different methods — both giving
virtually the same resolution. The
first method (0.45 min gradient)
utilizes alternating column regen-
eration and high temperatures to
allow high flow rates and speed
optimized settings. A cycle time of
49 s could be achieved, resulting in
a theoretical daily throughput of
more than 1700 samples per day.
The second method (0.90 min gra-
dient) does not use high tempera-
tures or alternating column regen-
eration and the time saving of
some simple and often forgotten
method options are shown. By
optimizing these parameters the
real cycle time gets as close to

8 s to the run time (stop time plus
post time) and allows a daily
throughput of more than 700
samples per day. By sub-optimal
method set up this can easily drop
to below 500 samples per day if
options like automatic delay volume
reduction, overlapped injection or
offline data-analysis are not used.

Conclusion

The Agilent 1200 Series Rapid
Resolution LC system is a power-
ful tool to achieve highest chro-
matographic resolutions and also
highest throughputs. The extended
pressure range allows the usage of
columns packed with stationary
phases with particles sizes below
2 pm, for example, Agilent RRHT
columns with particle sizes of

1.8 pm. These columns not only
allow an increase in linear flow
rates with virtually no loss in reso-
lution but also have an inherently
higher resolution compared to

3.5 pm or even 5.0 pm particle
sizes. The possibility to switch the
pump into its low delay volume
configuration allows the use of the
entire bandwidth of today’s widely
used column ids — from 4.6 mm

e

0.45 min gradient method, flow = 2mL /min, 80 °C, alternating column regeneration

ADVR 0l DA SvMeth NW Blc
M o Mizs) 7 4

0.90 min gradient method, flow = TmL/min, 40 °C
ADVR Ol DA SvMeth Nw Bic m==ll]

1763

778 Theoretical value with
no overhead time

M A4 B & [ B w119 726

M M B @ M M =mi28 670

[ K M M M w—i5/ 550

M X M M # | w——l63 530

K X B M M M -l 502 .

R M F K & 180 1 Cycle time [s]

Bd B . 430 Throughput [sample/day]

ADVR = Automatic Delay Volume Reduction = Overlapped Injection

DA = Data Analysis after Acquisition (after sample is flushed out)

NW = Needle Wash SvMeth = Save Method with Data File
9 (5s resp. 2s for the ACR Method) = Pre-run Balance of DAD
Figure 7

Cycle time and daily throughput optimization.

Chromatographic conditions:

Alternating Column Regeneration Method

Solvent: A = Water, B=ACN
Temp.: 80 °C

Flow: 2.0 mL/min

ADVR: Yes

Gradient: Gradient-Pump

0.00 min 35 %B
0.45 min 95 %B
0.46 min 35 %B
0.57 min 35 %B

Regeneration-Pump
0.00 min 35 %B
0.01 min 95 %B
0.11 min 95 %B
0.12min 35 %B

Stoptime: 0.57 min no limit

Posttime: off off

Wavelength: 245 nm (8), ref. 450 nm (100)

Peak width: > 0.0025 min (0.05 s response time), 80 Hz

Spectra: none

Injection volume: 1.0 pL

Injector: Overlapped injection, 2 s needle wash, sample flush-out factor = 10,
draw/eject speed = 100 yL/min

Valve: next position

No Alternating Column Regeneration Method

Solvent: A = Water, B = ACN

Temp.: 40 °C

Flow: 1.0 mL/min

ADVR: Yes No

Gradient: 0.00 min 35 %B 0.00 min 35 %B

0.90 min 95 %B
1.10 min 95 %B
1.11 min 35 %B

0.90 min 95 %B
1.10 min 95 %B
1.11 min 35 %B

Stoptime: 1.15 min 1.40 min (add. 300 pL extra column
volume, increased retention times)

Posttime: 0.70 min 0.70 min

Wavelength: 245 nm (8), ref. 450 nm (100)

Peak width: > 0.0025 min (0.05 s response time), 80 Hz

Spectra: all, 190-500 nm, BW = 1 nm

Injection volume: 1.0 uL

Injector: See figure 7, 2 s equilibration time

down to 2.1 mm and even 1.0 mm.
As illustrated above, the system
has uncompromised performance

characteristics even at highest
gradient speeds.
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Abstract

The increased availability of sub-2-micron (STM)
columns and increased demand for methods friendly to
mass spectrometers has led to strong trend toward con-
version of existing HPLC methods to smaller diameter and
smaller particle size columns. While the conversion is a
simple mathematical exercise requiring the scaling flow
rates, gradient times and injection volumes, many users
observe less than perfect results. Here we look closely at
the problem and propose calculations that improve the
speed and/or resolution in a more predictable and
beneficial way.

Introduction

Methods developed on older columns packed with
large 5- or 10-um particles are often good candi-
dates for modernization by replacing these
columns with smaller dimension columns packed
with smaller particle sizes. The potential benefits
include reduced analysis time and solvent con-
sumption, improved sensitivity and greater compat-
ibility with mass spectrometer ionization sources.

Simplistically, a column of 250-mm length and con-
taining 5-um particles can be replaced by a 150-mm
length column packed with 3-um particles. If the
ratio of length to particle size is equal, the two
columns are considered to have equal resolving
power. Solvent consumption is reduced by L1/L2,
here about 1.6-fold reduction in solvent usage per
analysis. If an equal mass of analyte can then be
successfully injected, the sensitivity should also
increase by 1.6-fold due to reduced dilution of the
peak as it travels through a smaller column of
equal efficiency.

LC/MS (Liquid Chromatography/Mass Spectrome-
try) ionization sources, especially the electrospray
ionization mode, have demonstrated greater sensi-
tivity at lower flow rates than typically used in
normal LC/UV (UltraViolet UV/VIS optical detec-
tion) methods, so it may also be advantageous to
reduce the internal diameter of a column to allow
timely analysis at lower flow rates. The relation-
ship of flow rate between different column
diameters is shown in Equation 1.

2
Diam.cojymn2 _
Flowgol, 1 % = Flowgg). 2 (eq. 1)

Diam.coumn1

The combined effect of reduced length and diame-
ter contributes to a reduction in solvent consump-
tion and, again assuming the same analyte mass
can be injected on the smaller column, a propor-
tional increase in peak response. We normally
scale the injection mass to the size of the column,
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though, and a proportional injection volume would
be calculated from the ratio of the void volumes of
the two columns, multiplied by the injection
volume on the original column.

. Volumeojymn2 .
Inj.vol.gop 1 X | ——————| =Inj.vol.¢g| 2 (eq.2)
Volumecojymns

For isocratic separations, the above conditions will
normally result in a successful conversion of the
method with little or no change in overall resolu-
tion. If one wishes to improve the outcome of the
method conversion, though, there are several other
parameters that should be considered. The first of
these parameters is the column efficiency relative
to flow rate, or more correctly efficiency to linear
velocity, as commonly defined by van Deemter [1]
and others, and the second is the often overlooked
effect of extracolumn dispersion on the observed
or empirical efficiency of the column.

Van Deemter observed and mathematically
expressed the relationship of column efficiency to
a variety of parameters, but we are most interested
here in his observations that there is an optimum
linear velocity for any given particle size, in a well-
packed HPLC column, and that the optimum linear
velocity increases as the particle size decreases.
Graphically, this is often represented in van
Deemter plots as shown in Figure 1, a modified
version of the original plot [2].

In Figure 1 we observe that the linear velocity at
which 5-um materials are most efficient, under the
conditions used by the authors, is about 1 mm/sec.
For 3.5-um materials the optimum linear velocity
is about 1.7 mm/sec and has a less distinct opti-

mum value, suggesting that 3.5-um materials would
give a more consistent column efficiency over a
wider flow range. For the 1.8-um materials, the
minimum plate height, or maximum efficiency, is a
broad range beginning at about 2 mm/sec and con-
tinuing past the range of the presented data. The
practical application of this information is that a
reduction in particle size, as discussed earlier, can
often be further optimized by increasing the linear
velocity which results in a further reduction in
analysis time. This increase in elution speed will
decrease absolute peak width and may require the
user to increase data acquisition rates and reduce
signal filtering parameters to ensure that the chro-
matographic separation is accurately recorded in
the acquisition data file.

The second important consideration is the often
overlooked effect of extracolumn dispersion on the
observed or empirical efficiency of the column. As
column volume is reduced, peak elution volumes
are proportionately reduced. If smaller particle
sizes are also employed there is a further reduc-
tion in the expected peak volume. The liquid chro-
matograph, and particularly the areas where the
analytes will traverse, is a collection of various
connecting capillaries and fittings which will cause
a measurable amount of bandspreading. From the
injector to the detector flow cell, the cumulative
dispersion that occurs degrades the column perfor-
mance and results in observed efficiencies that can
be far below the values that would be estimated by
purely theoretical means. It is fairly typical to see
a measured dispersion of 20 to 100 uL in an HPLC
system. This has a disproportionate effect on the
smallest columns and smallest particle sizes, both
of which are expected to yield the smallest

0.02—
0.015—
= L 2
S o0 PN — ¢
2 u A ¢ - 5.0 ym SB-C18
2 A g ™ | ]
5 g - ] m 3.5 um SB-C18
0.005 A A 1.8 um SB-C18
A bl - -
0 T T T ]
Lin.vel. mm/sec 1 2 3 4 5
46 mm mL/min 0.7 14 2.1 2.8 35
3mm mL/min 0.3 0.6 0.9 12 15
2.1 mm mL/min 0.14 0.29 0.44 0.58 0.73
1 mm mL/min 0.033 0.066 0.1 0.133 0.166
Figure 1.  van Deemter plot with various flow rates and particle sizes.



possible peak volumes. Care must be taken by the
user to minimize the extracolumn volume and to
reduce, where practical, the number of connecting
fittings and the volume of injection valves and
detector flow cells.

For gradient elution separations, where the mobile
phase composition increases through the initial
part of the analysis until the analytes of interest
have been eluted from the column, successful
method conversion to smaller columns requires
that the gradient slope be preserved. While many
publications have referred to gradient slope in
terms of % change per minute, it is more useful to
express it as % change per column volume. In this
way, the change in column volume during method
conversion can be used to accurately render the
new gradient condition. If we think of each line of
a gradient table as a segment, we can express the
gradient by the following equation:

) (End% — Start%)
% Gradient slope= | ———— | (eq.3)
#Column volumes

Note that the use of % change per column volume
rather than % change per minute frees the user to
control gradient slope by altering gradient time
and/or gradient flow rate. A large value for gradi-
ent slope yields very fast gradients with minimal
resolution, while lower gradient slopes produce
higher resolution at the expense of increased sol-
vent consumption and somewhat reduced sensitiv-
ity. Longer analysis time may also result unless the
gradient slope is reduced by increasing the flow
rate, within acceptable operating pressure ranges,
rather than by increasing the gradient time.

Resolution increases with shallow gradients
because the effective capacity factor, k*, is
increased. Much like in isocratic separations,
where the capacity term is called k', a higher value
directly increases resolution. The effect is quite
dramatic up to a k value of about 5 to 10, after
which little improvement is observed. In the subse-
quent examples, we will see the results associated
with the calculations discussed above.

Experimental Conditions

System

Agilent 1200 Series Rapid Resolution LC consisting of:

G1379B micro degasser

G1312B binary pump SL

G1367C autosampler SL, with thermostatic temperature control
G1316B Thermostatted column compartment SL

G1315C UV/VIS diode array detector SL, flow cell as indicated in
individual chromatograms

ChemStation 32-bit version B.02.01

Columns

Agilent ZORBAX SB-C18, 4.6 mm x 250 mm, 5 pm
Agilent ZORBAX SB-C18, 3.0 mm x 150 mm, 3.5 pm

Mobile phase conditions

Organic solvent: Acetonitrile

Aqueous solvent: 25 mm phosphoric acid in Milli-Q water

Gradient Conditions

Gradient slope: 7.8% or 2.3% per column volume, as
indicated. See individual chromatograms for

flow rate and time

Sample

Standard mixture of chlorinated phenoxy acid herbicides,
100 pg/mL in methanol

Results

The separation was initially performed on a stan-
dard 4.6 x 250 mm, 5-um ZORBAX SB-C18 column
thermostatted to 25 °C (Figure 2) using conditions
referenced in US EPA Method 555. The method
was then scaled in flow and time for exact transla-
tion to a 3.0 x 150 mm, 3.5-um column (Figure 3).
Solvent consumption is reduced from 60 mL to
15.5 mL per analysis.

The separation was then re-optimized for faster
separation with the identical slope, 7.8%, by
increasing the flow rate from 0.43 to 1.42 mL/min,
and proportionately reducing the gradient time
(Figure 4). Finally, increased resolution is demon-
strated by keeping the original times used in
Figure 3 with the increased flow rate (Figure 5).
This yields a gradient with identical time but a
reduced slope of 2.3%. The increased resolution of
peaks 4 and 5 is readily apparent.

The conditions in Figure 4, 7.8% slope at increased
linear velocity on 3.0 x 150 mm, 3.5-um material,
yield a separation with comparable resolution to
the original 4.6 x 250 mm method, but with only a
12-minute total analysis time. This is excellent for
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Conditions
EPA Method 555 with ZORBAX SB-C18 columns and fast DAD detector
ZORBAX SB-C18 4.6 mm x 250 mm, 5 pm
Column temp: 25°C
Gradient: 10% to 90% ACN vs. 25 mM H;PO0,
Gradient slope: 7.8% ACN/column volume
Analysis flow rate: 1 mL/min
Group A Compounds
Total analysis time: 60 min
Detection: UV 230 nm, 10-mm 13-pL flow cell, filter 2 seconds (default)
Figure 2. Gradient separation of herbicides on 4.6 X 250 mm 5-pm ZORBAX SB-C18.
AU & - Conditions:
1 ° § EPA Method 555 with ZORBAX SB-C18 columns and fast DAD detector
8001 ZORBAX SB-C18 3.0 mm x 150 mm, 3.5 ym
] Column temp: 25°C
7005 Gradient: 25 mm H3P04/ACN, 0% to 90% ACN in 18 minutes
] Gradient slope: 7.8% ACN/column volume
600—: Analysis flow rate: 0.43 mL/min
] Detection: UV 230 nm, 3-mm 2-pL flow cell, filter 0.2 seconds
] Total analysis time: 36 min.
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400 = g o 3
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Figure 3. Gradient separation of herbicides on 3.0 x 150 mm, 3.5-pm ZORBAX SB-C18.



Conditions

mAU— - - EPA Method 555 with ZORBAX SB-C18 columns and fast DAD detector
1 2 S ZORBAX SB-C18, 3.0 mm x 150 mm, 3.5 ym
i o~ o~
, Column temp: 25°C
. Gradient: 25 mM H;P0,/ACN, 10% to 90% ACN in 5.4 min.
400 Gradient slope: 7.8% ACN/column volume
i Analysis flow rate: 1.42 mL/min
1 Detection: UV 230 nm, 3-mm 2-pL flow cell, filter 0.2 seconds
300 Total analysis time: 12 min.
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Figure 4. High speed gradient separation of herbicides on 3.0 X 150 mm, 3.5-pm ZORBAX SB-C18.
AU Conditions
. % EPA Method 555 with ZORBAX SB-C18 columns and fast DAD detector
400 ZORBAX SB-C18, 3.0 mm x 150 mm, 3.5 pm
1 2 Temp: 25°C
3501 <~ Gradient: 25 mM H;P0,/ACN, 10% to 90% ACN in 18 min.
Gradient slope: 2.3% ACN/column volume
300-] Analysis flow rate: 1.42 mL/min
] Detection: UV 230 nm, 3-mm 2-pL flow cell, filter 0.2 seconds
250 Total analysis time: 36 min.
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Figure 5. Reduced slope gradient separation of herbicides on 3.0 X 150 mm, 3.5-pm ZORBAX SB-C18.



high throughput screening and quantitation of a
large number of samples. Figure 5, with the gradi-
ent slope reduced to 2.3%, results in a high-resolu-
tion separation with a calculated R value of 3.3 vs.
the standard 3.0 x 150 mm separation value of 1.9,
for the critical pair seen in Figure 5 at 7.5 to 8
minutes.

In Table 1 the column has been replaced with a
low dead volume connecting union in a system
fitted with 0.12-mm id capillary tubing at all points
of sample contact. A 1-uL injection of dilute actone

Table 1. Volumetric Measurements of Various Flow Cells
Elution Half height b Sigma

Flow cell volume (pL) width (pL) width (pL)

New SL " 5 12

2puL 3 mm

Micro 14 6 18

6 mm 1.7 L

(n=2)

Semi-micro 13 6.5 18.5

6 mmb pL

(n=2)

Standard 26 1" 26

10 mm 13 pL

New SL 27 1" 25

10 mm 13 pL

is made to determine the bandspreading contribu-
tion of the system, with various flow cells. Multiple
flow cells were tested, and the average result
reported, where possible. The elution volume sum-
marizes the total volume of all tubing in the
system. While the absolute volume from the 2-uL
to the 13-uL flow cells is 11 uL, we observe an
increase of 15 to 16 uL because of the larger diam-
eter inlet tubing integral to the larger volume flow
cells.

www.agilent.com/chem

Conclusion

Careful analysis of the existing gradient condi-
tions, coupled with an awareness of the need to
accurately calculate new flow and gradient condi-
tions can lead to an easy and reliable conversion of
existing methods to new faster or higher resolution
conditions. In addition, awareness of extracolumn
dispersion, especially with small and high resolu-
tion columns, will ensure good column efficiency
which is critical to a successful translation of the
method.
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Abstract

The chromatographic method used to monitor the Bisphe-
nol-A manufacturing process was improved using Agilent
RRHT Eclipse XDB-C18 columns. These columns use
1.8-pm particles versus conventional 3.5-pm or 5-pm par-
ticles. The improved method allowed seven times faster
analyses, improved resolution, and higher sensitivity.

Introduction

Bisphenol-A (Figure 1) is a highly versatile material
used to manufacture many modern products. It is
also known as 4,4"-Isopropylidenediphenol, 4,4"-(1-
Methylethylidene) bisphenol, or simply BPA.

CH,
e n W
CH,

Figure 1. Bisphenol A

Every year, 2.8 million tons of BPA are produced.
BPA is a building block for polycarbonate plastic
and epoxy resins. Polycarbonate plastic is prized
for its scratch resistance, optical clarity, and heat
and electrical resistance. Because of these attrib-
utes, it is used for eyewear, CD/DVD disks, elec-
tronics, and food and drink containers. Epoxy
resins are used for protective coatings because of
their combination of inertness, chemical resis-
tance, adhesion, and formability. For example,
metal food cans are lined to protect taste. Epoxy
resins are also used as a component in dental
sealants and as a component in dental composites
providing an alternative to mercury amalgam in
veneers and fillings. Other uses include fungi-
cides, polymer antioxidants, and components in
automobiles and appliances.

BPA is produced through an acid-catalyzed con-
densation reaction of phenol with acetone. During
condensation, a number of phenol-based byprod-
ucts are also formed. HPLC is used to determine
the composition of many of the process streams in
a commercial BPA plant.

Here we describe the use of new HPLC column
technology for the possible improvement to one of
the HPLC methods used in a commercial BPA
facility.

Agilent Technologies



Method Optimization and Scalability

The existing HPLC method was proven and robust;
however, it was complicated. We sought a similar
chromatogram, based on the original method, but
using simpler method parameters. Because of the
challenge of changing many chromatographic para-
meters, essentially redeveloping the method, we
chose a 4.6 x 50 mm, 1.8-um Eclipse XDB-C18
column for experiments to reduce the time
required. Smaller particles packed in shorter
columns increase the speed of analysis and still
provide enough efficiency to maintain resolution
equivalent to longer columns packed with larger
particles. After several trials, we developed a
method that produced a chromatogram similar to
the original. The short analysis time is a major
advantage of Rapid Resolution High Throughput
(RRHT) technology. Whereas a handful of experi-
mental runs would take an entire work day using a
typical analytical-sized column (50 min/run), the
series of runs took about an hour (7.5 min/run),
using an RRHT column.

We incrementally scaled up to a 4.6 x 250 mm
column. Figure 2 shows an overlay of the sample
analyzed by three 4.6-mm id columns of different
lengths and particle sizes. Injection volume was
also changed proportionally to length. The smaller
ZORBAX particles speed up the analysis while
maintaining resolution. In fact, resolution
increased when using the RRHT columns despite
their shorter length.

One reason this method can be easily scaled (up or
down) is the uniform spherical Eclipse XDB-C18
packing. It has a proprietary engineered particle
size distribution, based on ZORBAX silica with a
controlled surface area and pore size. The robust
proprietary packing material and proven column
manufacturing techniques consistently yield repro-
ducible columns with similar chromatographic
performance, independent of the column
dimensions.

El Eclipse XDB-C18 4.6 x 250 mm, 5 ym, P/N 990967-902
@
s
mAU 1 s % g
300 g A 30 min
g;' a 02’3 =114 R2’3 =298
200 4 2% Uy5=113  Ry5=360
100 4 U
0 JnL,“_J\_,- § N -~
T T T T T
5 10 15 20 25 min
1 3
mAU - 4 Eclipse XDB-C18 RR 4.6 x 150 mm, 3.5 um, P/N 963967-902
300 4 5 20 min
200 3 2 02'3 =1.15 R2'3 =332
g5 =111 Rys = 3.96
100 4
0
T T T T T
5 10 15 20 25 min
AU Eclipse XDB-C18 RRHT 4.6 x 50 mm, 1.8 pm, P/N 927975-902
m
300 7 min
200
p3=122 Ry3 =377
100 a5 =111 Ry = 3.65
0
5 10 15 20 75 min
Figure 2. RRHT column configuration increased both speed and resolution.



Particle size does influence resolution. The influ-
ence can be noticed when comparing columns of
identical dimensions, packed with three different
particle sizes. Figure 3 shows the shortened
Bisphenol-A analysis using different particle-sized
Eclipse XDB-C18 columns. Resolution (Rs) is
related to selectivity (o), efficiency (N) and
retention (k”):

Rs = (1/8)(c-1) VN [k /(1+k )]

Factors affecting the selectivity term (stationary
phase, mobile phase) and retention term (mobile
phase, temperature) are constant for the three

chromatograms. The efficiency term is influenced
by column length, linear velocity of the mobile
phase (both constant), and particle size (varied in
Figure 3). N increases as particle size decreases. In
Figure 3 the selectivity factors (o) and retention
remain about the same, but resolution actually
increases. The increase in resolution due to the
decrease in particle size highlights the advantage
of using smaller particles. The similar selectivity
and retention highlight the suitability of ZORBAX
Eclipse XDB-C18 columns for scaling methods,
especially to more rapid, high-throughput meth-
ods.

g
mAU 1 ER :
300 ] o =1 Eclipse XDB-C18 4.6 x 50 mm, 5 ym, P/N 946975-902
— @
200 %’_ a “2,3 =117 R2,3 =2.04
100 ] 2= ag5=1.11 Ry5=1.96
0 4
T T T T T T T
1 2 3 4 5 6 7 min
mAU ! 3
300 Eclipse XDB-C18 RR 4.6 x 50 mm, 3.5 pm, P/N 935967-902
] 4
200 4 5 (]2’3 =122 R2,3 =26
100 4 2 (]4'5= 1.1 R4'5= 2.57
0 PANBIN P
1 2 3 4 5 6 7 min
mgﬁ)lgj E Eclipse XDB-C18 RRHT 4.6 x 50 mm, 1.8 ym, P/N 927975-902
200 4 ap3=122 Ry3=377
100 a,5=11 Ry5=365
0 4
! 2 3 4 5 6 7 min

Figure 3.  Effect of particle size on resolution and selectivity.



Comparing the Existing Method to the
RRHT Method

Figure 4 compares the original BPA separation to
the RRHT separation. The top chromatogram is an
example of the analysis using the original commer-
cial method, and the bottom is an example of the
process sample analyzed with the RRHT method.
The method developed with the new column tech-
nology clearly increases productivity.

Analysis time is reduced at least six-fold; solvent
consumption is reduced about 12.5 times, from
100 mL/analysis to only 7.5 mL/analysis. Interest-
ingly, the peak shape of Bisphenol-A is more sym-
metrical using Eclipse XDB-C18 as compared to
the current C18 column used in the original analy-
sis. The more Gaussian peak shape eluted by the
Eclipse XDB-C18 column is important for accurate
quantification. Other method improvements such
as a simplified gradient and a binary mobile phase
are listed in Table 1.

mAU Original analysis chromatogram obtained from process site
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Original analysis time: 50 min
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50 4
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Figure 4. Comparison of methods; original to RRHT.



Table 1. Current and Improved Method Parameters

Original RRHT
+ Column: Supelco LC-18, 4.6 x 250 mm, 5 pm

+ Mobile phase: A: 0.025% H3P04, B: ACN, C: MeOH
* Flow: 2 mL/min

+ Temperature: 35 °C

+ Sample size: 20 pL

* Gradient: segmented, has isocratic holds

Time % A:B:C Time %8B
0 65:25:10 0 60
13 65:25:10 6 95
18 50:40:10 6.01 60
23 50:40:10 8 60
27 30:50:20
32 0:70:30
35 0:70:30
36 0:60:40
40 0:50:50
43 0:20:80
48 65:25:10
Conclusion

Converting an existing method to a high-through-
put method is one way to improve lab productivity.
Using RRHT columns initially for method develop-
ment also improves productivity. Eclipse XDB-C18
RRHT columns are a good choice for converting
existing C18 methods into high-throughput meth-
ods. Smaller particles packed into shorter
columns provide comparable resolution to larger
particles packed into longer columns in a fraction
of the time. RRHT columns are advantageous for
gradient method development because gradient re-
equilibration is time-consuming and often over-
looked in the total analysis time. Methods
developed on Agilent RRHT columns can be scaled
easily because of the highly uniform particles,
bonded phase chemistry, and column manufactur-
ing techniques. An existing method developed on
a “traditional analytical-sized” column was easily
converted to a high throughput method using an
Eclipse XDB-C18 RRHT column. The method was
incrementally scaled up to an analytical-sized
column, and it performed with predictable results

+ Sample size: 2 L

+ Column: ZORBAX XDB-C18, 4.6 x 50 mm, 1.8 pm

* Mobile phase: A: 0.1% formic acid, B: ACN: MeOH (200:800)
* Flow: 1 mL/min

+ Temperature: 25 °C

+ Gradient: linear, no isocratic holds

on various column dimensions and particle sizes.
The predictability of the results supports Eclipse
XDB-C18 RRHT columns’ ability to easily improve
applications and transfer them into high-
throughput and high-resolution applications.

For More Information

For more information on our products and ser-
vices, visit our Web site at www.agilent.com/chem.
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Abstract

Vitamin E (tocopherol), phenolic antioxidants and eru-
camide slip additives in polypropylene homopolymer for-
mulations were resolved and detected using liquid
chromatography with ultraviolet/visible detection, under
guidelines suggested by ASTM Method D6042. Using the
Agilent 1200 Rapid Resolution LC system with Agilent
ZORBAX RRHT columns, the antioxidants could be rapidly
separated with the same or improved resolution. The Agi-
lent method translator was used to transfer the ASTM
method into new methods based on the instrument para-
meters, column dimensions, and particle size in three
modes: simple conversion and speed optimized and reso-
lution optimized methods.

Introduction

Polymers are very popular all over the world owing
to their unprecedented physical properties. Vari-
ous additives are blended into polymeric materials
to modify certain properties of the polymer formu-
lation. Erucamide, Irganox 3114, Irganox 1010, Vit-
amin E (tocopherol), Irganox 1076, and Irgafos168
are often used as antioxidants to prevent the
degradation of polypropylene homopolymer formu-
lations by light, heat, and oxygen. In this work,
with the goal to shorten the analysis time and
reduce solvent consumption without losing separa-
tion quality, the existing ASTM method was recal-
culated for new operating conditions based on
columns packed with smaller particle sizes. The
chemical information of the antioxidants and Tinu-
vin P as internal standard is displayed in detail in
Table 1.

Specific additives and their concentrations in poly-
mer formulations are critical to the properties of
polymer, and careful analysis is required to ensure
that the additives and levels are appropriate for
the intended use. This application will compare
two different stationary phases according to ana-
lyte retention characteristics and peak shape,
show the influence of different injection volume of
real sample on the peak shape, and then will focus
on showing how to use the method translator. The
latter is used to transfer the conventional method
to new methods using smaller size columns to per-
form simple conversion and to extend the method
to greater speed and higher resolution.

Agilent Technologies



Table 1. Chemical Information of Antioxidants and Tinuvin P

Name:
Formula:

Molecular Weight:

CAS No.:

Name:
Formula:

Molecular Weight:

CAS No.:

Name:
Formula:

Molecular Weight:

CAS No.:

Name:
Formula:

Molecular Weight:

CAS No.:

Vitamin E
CZQHSDOZ
430.71
10191-41-0

Irgafos 168
[[(CH3)3C],CsH30]5P
646.92

31570-04-4

Irganox 3114
CagHgsN30g
784.08
27676-62-6

Erucamide
CHs(CHg);CH=CH(CH,),;CONH,
337.58

112-84-5

DL-all-rac-a-Tocopherol

HyC

CH, CHy CH,

Tris(2,4 di-tert-butylphenyl) phosphite

CH,
CH3—C—CH,
i
CH—C
| CH,
CH; O |
FI’ CHz—C—CH,
0" o
oL pe s
CH3—[|3 (|3—0H3 ?—CH3
CH, CH; CH,

Tris(3,5-di-tert-butyl-4-hydroxybenzyl) isocyanurate

(CH3)5C 0 C(CH3)5
HO ﬁ/L OH
(CHy)5C 0 N 0 C(CH3)s
C(CHs)5
(CH3)3C OH
cis-13-docosenamide
i
HZN—C—CHZ—(CHZ)Q—C\HZ /CHZ(CHZ)BCH3
c=—cC
/ \
H H




Table 1. Chemical Information of Antioxidants and Tinuvin P (Continued)
Name: Irganox 1010 Pentaerythritol tetrakis
Formula: [HOCgH,[C(CH3)3]:.CH,CH,C0O,CH,].C (3.5-di-tert-butyl-4-hydroxyhydrocinnamate)
Molecular Weight: 1177.63 4
CAS No.: 6683-19-8 CHs
CH;—C—CH, |0|
HO CH,CH,—C—0CH,—1—C
CHy—C—CHy
CHj
Name: Irganox 1076 Octadecyl 3-(3,5-di-tert-butyl-4-hydroxyphenyl) propionate
Formula: [(CHs)gC]zCst(OH)CHQCHzCOZ(CHz)nCHs CH3
- |
Molecular Weight: 530.86 CHy— C—CH4
CAS No.: 2082-79-3
HO CH,CH,—C——0CH,(CH,);sCH;
CH3———(|:—CH3
CHs
Name: Tinuvin P 2-(2-hydroxy-5-methylphenyl)benzotriazole
Formula: Ci3H11N;0
Molecular Weight: 225.25 HO
CAS No.: 2440-22-4
9%
N
~~ 7/
N
CH;
Experimenta' Mobile Phase
Gradients: A: water
System B: acetonitrile (ACN)

Agilent 1200 Series Rapid Resolution LC (RRLC), consisting of:
G1379B micro vacuum degasser

G1312B binary pump SL

G1367C high-performance autosampler SL

G1316B thermostatted column compartment SL

G1315C UV/VIS diode array detector SL with 3 mm, 2 pL flow cell
ChemStation 32-bit version B.02.01-SR1

Columns

Agilent ZORBAX Eclipse XDB-C18, 4.6 mm x 150 mm, 5 pm
Agilent ZORBAX Eclipse XDB-C8, 4.6 mm x 150 mm, 5 ym
Agilent ZORBAX Eclipse XDB-C8, 4.6 mm x 100 mm, 3.5 pm
Agilent ZORBAX Eclipse XDB-C8, 4.6 mm x 50 mm, 1.8 ym
Agilent ZORBAX Eclipse XDB-C8, 3.0 mm x 100 mm, 3.5 pm
Agilent ZORBAX Eclipse XDB-C8, 3.0 mm x 50 mm, 1.8 pm

Gradient conditions: See individual chromatograms

Column temperature See individual chromatograms

Samples

1. Standard mixture of Tinuvin P, Erucamide,
Irganox 3114, Irganox 1010, Vitamin E,
Irganox 1076, and Irgafos168, all 200 ug/mL in
isopropanol

. Polypropylene Homopolymer Formulation, from
customer, extracted by ultrasonic according to
the method ASTM D6042-04

Polypropylene extract spiked with 20 ug/mL
standard mixture



Results and Discussion

Selection of Stationary Phase for the Separation of
Antioxidants

It is desirable during method development to select
a column that will provide the optimal analyte sep-
aration and shortest analysis time. Reversed phase
C18 columns are recommended by ASTM
D6042-04; however, in our application we deter-

mined that the retention characteristics of
ZORBAX XDB-C18 columns were too strong for the
specified solvents, resulting in broad peak shape
and quantitation difficulties for late-eluting peaks.
Compared with ZORBAX XDB-C18 columns,
ZORBAX XDB-C8 columns showed better retention
capability and peak shape. Therefore, we chose the
ZORBAX XDB-C8 column for further method
development. The different separations with
ZORBAX XDB-C18 and ZORBAX XDB-C8 columns
are shown in the Figure 1.

mAU ] 3 AgilentZORBAX Eclipse XDB-C18, 4.6 mm x 150 mm, 5 pm
800 7 Compound
700 4 1 Tinuvin P
1 1 2 Erucamide
600 3 Irganox 3114
] 4 Irganox 1010
%00 5 Vitamin E
400 6 Ox Irgafos 168
1 4 7 Irganox 1076
300 8 Irgafos 168
200 5
] 7 8
100
] 2 6
o 2‘.5‘ % ‘7i5‘ 1‘0‘ ‘12‘.5‘ 1‘5‘ ‘17‘.5‘ | 2‘0‘ B 22‘5 ; ‘rr‘lin
AgilentZORBAX Eclipse XDB-C8, 4.6 mm x 150 mm, 5 pm
) !
1 Compound
700 1 Tinuvin P 5
] : 2 Erucamide
600 3 Irganox 3114
: 5 Vitamin E
500 4 Irganox 1010
1 7 Irganox 1076
400 6 Ox Irgafos 168 /
] 8 Irgafos 168 8
300
200
] 6
"L L
L. A U
I 2 min
Conditions
Mobile phase: A: water; B: ACN Z0ORBAX chemistry: Eclipse XDB-C18 Eclipse XDB-C8
Flow rate: 1.5 mL/min Gradient: Min %B Min %B
Wavelength: 200 nm 0.00 75 0.00 75
Injection volume: 10 pL 5.00 100 8.00 100
Column temperature: 50°C 25.00 100 15.00 100
Column size: 4.6 mm x 150 mm, 5 pm 25.10 75 15.10 75
Sample: Standard mixture, 200 pg/mL in isopropanol 30.00 75 20.00 75
Figure 1. ZORBAX stationary phase comparison for antioxidants.
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Injection Volume Influence of Real Sample Extraction
Solution on the Peak Shape

According to ASTM D6042-04 [1], a solvent mix-
ture of methylene chloride and cyclohexane

(1/1 v/v) is used as the extraction solvent and,
after filtration, the extracted solution is directly
injected into the LC. Neither methylene chloride
nor cyclohexane is miscible in the acetonitrile and
water mobile phase. Peak splitting was observed
when the injection volume was 10 uL. We
decreased the sample size of real sample and
found that the volume of 5 uL. was suitable and
free of solvent influence. The split and nonsplit
peaks are shown in Figure 2. At the same time, the
influence of injection volume was not found in the
standard solution, which was dissolved in iso-
propanol per ASTM method guidance.

Fast Method Developed Based on New 1200 RRLC with
Method Translator

Due to the appearance of sub-two-micron columns
and LC systems with higher pressure capabilities,
the research of ultra-fast separation is more and
more popular. Therefore, it is important to quickly
and easily transfer conventional methods to fast or
high-resolution methods. Agilent provides the
users of RRLC systems with two versions of
method translators; one is a Microsoft.net version,
which requires that Net-Framework 2.0 be resident
on the computer, the other is a Microsoft Excel
version, which requires that Excel be resident on
the PC. The interface of the two translators is
displayed in Figure 3.

mAU

25

20 .

] Sample size: 5 pL

15

10

5

o 4

5 ] k

25 5 75 10 125 15 175 20 25 min

mAU é

35 *

30 ]

2% i Sample size: 10 pL

20 *

15 7

10 —

0

-5 é

25 5 75 10 25 1 175 20 225 min
Conditions
Mobile phase: A: water; B: ACN Gradient:
Flow rate: 1.5 mL/min Min %B
Wavelength: 200 nm 0.00 75
Injection volume: 5o0r10pL 5.00 100
Column temperature: 50 °C 25.00 100
Column: ZORBAX Eclipse XDB-C18 25.10 75
4.6 mm x 150 mm, 5 ym

Sample: Polypropylene extraction solution 30.00 75
Figure 2. Injection volume influence of real sample extraction solution on the peak shape.
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The upper one is the Microsoft.net version, the lower one is the Microsoft Excel version.

Figure 3. Two different method translators.

Sample Preparation

The two versions of method translators provide
three modes of method conversion; the first is the
simple conversion, which has the same gradient
slope as the conventional method, and changes the
flow rate according to equation 1:

2

Diam,, ,

Flowg,, ,= x Flowg, ; (eq.1)

Diam,, ,

The second is the speed optimized conversion,
which has the same gradient slope as the conven-
tional method and maximizes the flow rate accord-
ing the LC system pressure capability. The last is

6

the resolution optimized conversion, which maxi-
mizes the flow rate according the LC system pres-
sure capability and has the same gradient time as
the simple converted mode, resulting in a reduced
gradient slope that normally yields higher peak
resolution. For the different columns, the injection
volumes should be changed according to the rela-
tionship displayed in equation 2.

Volume,, ,

Inj. vol.q,, ,= x Inj. vol.;,, ; (eq.2)

Volume,, ,
As mentioned above, the method based on the
ZORBAX Eclipse XDB-C8 4.6 mm x 150 mm, 5 um,

was selected as the initial method. Afterwards, the
initial method was transferred with the method



translator into three modes on different column the separation of antioxidants in smaller particle
lengths (100, 50 mm) and particle sizes size columns with the recalculated methods.
(3.5, 1.8 um), respectively. Figures 4 and 5 show

mAU 7 Compound Simple conversion
L 3 4
1000 1 Tinuvin P
2 Erucamide
] 3 Irganox 3114 5
800 5 Vitamin E
] T Irganox 1010
600 7 Irganox 1076
] 6 Ox Irgafos 168 7 6
400 8 Irgafos 168
] 8
200 2 J L jL
0- A A A
LI L L L L L L L L L L L L L L L L L L L L L L L L L L L
0 1 2 3 4 5 6 7 8 9 min
mAU Compound 3 Speed optimized
600 1 Tinuvin P 4
] 2 Erucamide
] 3 Irganox 3114
500 ] ! 5 Vitamin E 5
] 4 Irganox 1010
400; 7 Irganox 1076
] 6 Ox Irgafos 168
300 o 8 Irgafos 168 7
1 6
200
] 8
100 | 2 k
I I W | A J L_,l U k

0 0.2 0.4 0.6 0.8 1 1.2 14 min
mAU J 1 Compound Resolution optimized
4003 1 Tinuvin P
] 2 Erucamide
3507 3 Irganox 3114
B 5 Vitamin E
300} 4 Irganox 1010
250 7 Irganox 1076
1 6 Ox Irgafos 168 4
2004 8 Irgafos 168 4
150 5 5 ;
100 6 8
50- 2 ﬂ
g; LA A
0 1 2 3 A 5 min
Conditions
Sample: Standard mixture, 200 pg/mL in isopropanol
Mobile phase: A: water; B: ACN
Temperature: 50°C
Wavelength: 200 nm
Injection volume: 6.7 uL
Column: ZORBAX Eclipse XDB-C8 3.0 mm x 100 mm, 3.5 pm
Mode: Simple converted Speed optimized Resolution optimized
Flow rate: 0.64 mL/min 4.00 mL/min 4.00 mL/min
Pressure: 110 bar 460 bar 460 bar
Gradient slope: 31% 3.1% 0.5%
Analysis time: 10 min 1.6 min 5.5 min

Figure 4. Separation of antioxidants on ZORBAX Eclipse XDB-C8 3.0 mm x 100 mm, 3.5 pm.



Compound

Simple conversion

800 1 Tinuvin P 8 .
E 2 Erucamide
700i 3 Irganox 3114
6003 5 Vitamin E
E 1 4 Irganox 1010
500 4 7 Irganox 1076
400 3 6 Ox Irgafos 168
E 8 Irgafos 168 7 5
300 4
200 8
100 JL
] T T T T T —
0 1 2 3 4 5 min
mAU Compound Speed optimized
700 1 Tinuvin P
b 2 Erucamide 4
600 3 3 Irganox 3114
500 7 5 Vitamin E 5
E Ty Irganox 1010
400 7 Irganox 1076
. 6 Ox Irgafos 168 7
300 3 8 Irgafos 168 6
200 A 8
2 L L
NE A A J
B I T T T T T T T T T T
0 02 0.4 0.6 038 1 12 min
mAU I 1 Compound Resolution optimized
400 7 1 Tinuvin P
3505 2 Erucamide
E 3 Irganox 3114 3 4
3003 5 Vitamin E
3 4 Irganox 1010
2505 7 Irganox 1076
B 6 Ox Irgafos 168 5
200; 8 Irgafos 168 7 6
150 3 8
1003
50 2
04‘;“\_1 A A ~J
] T I T I I I T I I
0 05 1 15 2 25 3 min
Conditions
Sample: Standard mixture, 200 pg/mL in isopropanol
Mobile phase: A: water; B: ACN
Temperature: 50°C
Wavelength: 200 nm
Injection volume: 3.3 uL
Column: Z0ORBAX Eclipse XDB-C8 3.0 mm x 50 mm, 1.8 pm
Mode: Simple converted Speed optimized Resolution optimized
Flow rate: 0.64 mL/min 2.50 mL/min 2.50 mL/min
Pressure: 160 bar 460 bar 460 bar
Gradient slope: 3.1% 31% 0.8%
Analysis time: 6 min 1.4 min 3 min
Figure 5. Separation of antioxidants on ZORBAX Eclipse XDB-C8 3.0 mm x 50 mm, 1.8 pm.



To identify the matrix influence on the separation,
the polypropylene extract was spiked with

20 pg/mL standard mixture and injected into the
LC system. Figure 6 depicts the separation of

spiked sample with the speed optimized method,
which shows a sufficient separation of antioxidant
in polymer matrix with about 10 times faster speed
than the conventional method mentioned above.

mAUE 4
50{ ZORBAX Eclipse XDB-C8 3.0 mm x 100 mm, 3.5 pm 8
] Compound
407 1 Tinuvin P
] 3
] 2 Erucamide
30 1 3 Irganqx 3114
7 5 Vitamin E
7 4 Irganox 1010
20 7 Irganox 1076 5
g 6 Ox Irgafos 168 7 6
N 8 Irgafos 168
0
| I I I I I I T 1
0.4 0.6 0.8 1 1.2 1.4 min
mAU
- 4 8
60 ZORBAX Eclipse XDB-C8 3.0 mm x 50 mm, 1.8 pm
50: Con_1pou_nd
7 1 Tinuvin P
] 2 Erucamide 3
40— 3 Irganox 3114
i 5 Vitamin E
30.] 4 Irganox 1010
1 1 7 Irganox 1076
1 6 Ox Irgafos 168 5
20+ 8 Irgafos 168 . 6
10
| k L
0
| I I I I I T
0.2 0.4 0.8 1 12 min
Conditions
Sample: Polypropylene extract spiked with 20 pg/mL standard mixture
Mobile phase: A: water; B: ACN
Temperature: 50°C
Wavelength: 200 nm
Stationary phase: ZORBAX Eclipse XDB-C8
Column size: 3.0 mm x 100 mm, 3.5 pm 3.0 mm x 50 mm, 1.8 pm
Injection volume: 3 pL 1uL
Mode: Speed optimized Speed optimized
Flow rate: 4.00 mL/min 2.50 mL/min
Pressure: 460 bar 460 bar
Gradient slope: 3.1% 31%
Analysis time: 1.6 min 1.4 min
Figure 6. Separation of spiked polypropylene extract by the speed optimized method.



Conclusions

As an important innovation in the advancement of
liquid chromatography, the Agilent 1200 Rapid
Resolution LC system provides the customer not
only a rapid separation with the same or similar
resolution, but also includes a method translator
to convert any initial conventional method to a
fast or high-resolution method according to the
requirements of the user. This note applies the
method translation tool in the separation of poly-
mer additives and demonstrates the ease-of-use
and power of the method translator using separa-
tions of a standard mixture and spiked real
sample.
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Abstract

Liquid chromatography with ultraviolet/visible (UV/VIS)
detection is a powerful approach for analyzing additives
in polymer formulations. This application illustrates the
use of the Agilent 1200 Series Rapid Resolution LC (RRLC)
system for the separation of antioxidants and erucamide.
The system can operate significantly faster than conven-
tional HPLC without sacrificing resolution, precision, or
sensitivity. The column chemistry and temperature influ-
ence on the separation and the sample preparation
method are also discussed.

Additives are incorporated into various polymeric
materials to retard the degradation caused by
ultraviolet light, heat, and oxygen or to modify pro-
cessing characteristics. A rapid and accurate ana-
Iytical method is required to ensure that the
specified amount of an additive or combination of
additives is incorporated into a polymer after the
extrusion process. Conventional HPLC methods
for additives [1,2] often require more then 30 min-
utes per analysis, while the application described
here can achieve comparable results in as few as

3 minutes.

Agilent has developed an easy-to-use method con-
version tool for transferring existing methods for
higher speed and/or higher resolution. The tool
was used for the method optimization in this appli-
cation. [3]

This application examines additives mentioned in
ASTM Methods D5815 and D1996. The chemical
structures are shown in Table 1.

Agilent Technologies



Table 1. Polymer Additives in ASTM Methods D5815 and D1996

Registered
trade name

BHEB

BHT

Irganox 1010

Irganox 1076

Isonox 129

CAS no.
4310-42-1

128-37-0

6683-19-8

2082-79-3

35958-30-6

Chemical name

2,6-di-tert-butyl-4-ethyl-phenol or
butylated hydroxyethyl benzene

2,6-di-t-butyl-cresol or
butylated hydroxy toluene

Tetrakis[methylene(3,5-di-t-butyl-
4-hydroxy hydrocinnamate)] methane

Octadecyl-3,5-di-t-butyl-4-hydroxy
hydrocinnamate

Chemical structure

J\(E/K
CoHs

J\(OH;/K
CH,

I
OH (CH),—COCH,—

OH
J\<>)0<
I

2,2-ethylidene bis (4,6-di-t-butyl phenol)
OH OH
(|3H
CH,



Table 1. Polymer Additives in ASTM Methods D5815 and D1996 (Continued)

Registered
trade name CAS no. Chemical name Chemical structure
Kemamide-E 112-84-5 Cis-13-docosenamide or
Erucamide or
Fatty acid amide (C5;H43NO)
0
H
N
|
H
Tinuvin P 2440-22-4 2(2'-hydroxy-5'-methyl phenyl) CHs
benzotriazole '}I
X N
OH
Experimental Results and Discussion
System Fast Method Conversion

Agilent 1200 Series rapid-resolution LC configured with
G1379B microvacuum degasser

G1312B binary pump SL

G1367B high-performance autosampler SL

G1316B thermostatted column compartment SL
G1315C UV/VIS diode array detector SL

ChemStation 32-bit version B.02.01

Column

ZORBAX Eclipse XDB-C18, 4.6 mm x 150 mm, 5 pm
ZORBAX Eclipse XDB-C18, 2.1 mm x 50 mm, 1.8 pm
ZORBAX SB-C18, 4.6 mm x 150 mm, 5 ym

ZORBAX SB-C18, 4.6 mm x 50 mm, 1.8 pm

Mobile phase
Gradients: A: water

B: acetonitrile (ACN)

Gradient slope: See individual chromatograms for flow

rate and gradient time

Column temperature: See individual chromatograms

Samples

1. Standard mixture described in ASTM D5815 and D1996,
50 pg/mL, 200 pg/mL in isopropanol

2. Linear low-density polyethylene from customer, ground to
20 mesh, extracted by ultrasonic or reflux method

The separation was initially performed on a stan-
dard 4.6 mm x 150 mm, 5-um ZORBAX Eclipse
XDB-C18 column thermostatted to 60 °C (Figure 1)
following the conditions in ASTM D5815 (or
D1996). The method was then scaled in flow and
time for exact translation to a 2.1 mm x 50 mm,
1.8-um column (Figure 2). The analysis time was
reduced from 25.5 to 12.5 minutes, and the solvent
consumption was reduced from 25 to 2.5 mL.

The separation was then re-optimized for faster
separation with the same gradient slope by
increasing the flow rate from 0.21 to 0.9 mL/min
and proportionately reducing the gradient time
(Figure 3), achieving up to 10 times faster than
conventional HPLC without sacrificing resolution,
precision (showed in Table 2), or sensitivity. Figure
4 demonstrates that 1 ppm of additives can be
determined with very good signal-to-noise
response using the same condition in Figure 3,
which exceeds the specification of 2 ppm of ASTM
D5815 (or D1996). Peak 6, Irganox 1010, for exam-
ple has a signal-to-noise response of 88 at 1 ppm.
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Conventional method: ~ Follow ASTM D5815 (or D1996) method with Gradient
ZORBAX Eclipse XDB-C18, %B
4.6 mm x 150 mm, 5 pm 0 50
Sample: Standard 50 pg/mL 1" 100
Sample size: 10 L 28 100
Detector: UV 200 nm 28.1 50
Column temperature: 60°C
Mobile phase: A: water
B: acetonitrile
Flow rate: 1 mL/min
Figure 1.  Separation of additives standards on Eclipse XDB-C18, 4.6 mm x 150 mm, 5 pm.

1 Tinuvin P
2 3 2 BHT
3 BHEB
4 4 Isonox 129
6 5 Ernucamide-E
6 Irganox 1010
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7
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Simple-converted: Translate the conventional method to a Gradient
ZORBAX Eclipse XDB-C18, 2.1 mm x 50 mm, 1.8 pm %B
Sample: Standard 50 pg/mL 0 50
Sample size: 2 uL 5.2 100
Detector: UV 200 nm 12 100
Column temperature: 60 °C 121 50
Mobile phase: A: water 15 50
B: acetonitrile
Flow rate: 0.21 mL/min (73 bar)
Figure 2. Separation of additives standards on Eclipse XDB-C18, 2.1 mm x 50 mm, 1.8 pm.
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Speed-optimized: Optimize the conventional method for speed with Gradient
ZORBAX Eclipse XDB-C18, %B
2.1 mm x 50 mm, 1.8 pm 0 50
Sample: Standard 50 pg/mL 1.3 100
Sample size: 2L 3 100
Detector: UV 200 nm 3.1 50
Column temperature: 60°C 35 50

Mobile phase: A: water
B: acetonitrile

Flow rate: 0.9 mL/min (357 bar)
Figure 3. Fast separation of additives standards on Eclipse XDB-C18, 2.1 mm x 50 mm, 1.8 pm.

Table 2. Repeatability for the Methods of Conventional, Simple-Converted, and Speed-Optimized Methods

(n=5)
Area, RSD%
Compounds (50 ppm) Conventional Simple-converted Speed-optimized
Tinuvin P 0.37 0.39 0.09
Erucamide 0.40 0.57 0.13
Irganox 3114 0.44 0.49 0.22
Irganox 1010 0.38 0.39 0.26
Vitamin E 0.58 0.80 0.68
Irganox 1076 0.58 1.49 0.17
Irgafos 168 0.53 0.77 0.32

mAU —
50
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Speed-optimized method for analysis of additives standards with concentration of 1 pg/mL LC conditions
is identical to that in Figure 3

Figure 4. Fast separation of 1 pg/mL additives standards on Eclipse XDB-C18, 2.1 mm x 50 mm, 1.8 pm.



Optimized Column Temperature

Increasing column temperature can lower both
solvent viscosity and nonspecific column/analyte
interactions. The new ZORBAX StableBond

RRHT columns can operate at temperatures up to
90 °C. We tested operating temperatures at 60, 75,
85, and 90 °C with a ZORBAX SB-C8

4.6 mm x 150 mm, 5-um column. The results
(Figure 5) show that the analysis time obtained
from 60 °C to 85 °C is reduced from 23.5 minutes
to 17 minutes; at 90 °C, only an additional

0.5 minute is saved. Based on the combined speed
reduction and optimized resolution of peaks 4 and
5, 85 °C is chosen as a suitable column tempera-
ture.

The method was then scaled in flow and time for
exact translation to a 4.6 mm x 50 mm, 1.8-um
column (Figure 6). Finally, the separation was opti-
mized for faster separation by increasing the flow
rate from 1 mL/min to 3.5 mL/min, with only a
1.7-minute analysis time (Figure 7). This is really
an excellent procedure for high-throughput screen-
ing and quantitation of a large number of samples.
Figure 8, the separation of an extract of linear low-
density polyethylene (LLDPE) spiked with

20 pg/mL of standard solution, shows excellent
separation with real sample matrix.

1 Tinuvin P
T=60°C 2 BHT
F=1mL/min 3 BHEB
2 4 Isonox 129
3 5 Ernucamide-E
4 6 Irganox 1010
1 7 Irganox 1076
6
A s ) 7
VAN
T T T 7T T T T T 1 T T T T 7 T T T T 7T T T T T [ T T T T [ T T T T [ T T T T 7 T T T T T T T T 1]
25 5 75 10 12.5 15 17.5 20 22.5 min
2 3
T=75°C 4
F=1mL/min 1 6
5 A 7
_A JL A

2 4 6 8 10 12 14 16 18 min
2
T=85°C 3 4
F=1mL/min 1 6
7
5
T T T I T T T I T T T I T T T I T T T I T T T I T T T I T T T I T T
2 4 6 8 10 12 14 16 min
2
T=90°C 3 4 6
F=1mL/min 1
7
0 Jk
T T T I T T I T T T T T T I T T I T T I T T I T T T I 1
2 4 6 8 10 12 14 16 min
Figure 5. Separation of additives standards on ZORBAX StableBond RRHT SB-C18, 4.6 mm x 150 mm, 1.8 pm.
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Ernucamide-E

Irganox 1010

Irganox 1076
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I I I T T T 1

1 2 3 min
Sample: Standard 200 mg/mL
Sample size: 2 uL
Detector: UV 200 nm
Mobile phase: A: water

B: acetonitrile
Gradient slope: 6.8%
Flow rate: TmL/min
Figure 6. Separation of additives standards on ZORBAX SB-C18, 4.6 mm x 50 mm, 1.8 pm,
at 85 °C.
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Sample: Standard_200 mg/mL
Sample size: 2L
Detector: UV 200 nm
Mobile phase: A: water
B: acetonitrile
Gradient slope: 6.8%
Flow rate: 3.5 mL/min
Figure 7.  Fast separation of additives standards on ZORBAX SB-C18, 4.6 mm x 50 mm, 1.8 pm,
at 85 °C.
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LC conditions are identical with those in Figure 7.

Figure 8. Fast separation of spiked real sample-LLDPE (20 pg/mL) on ZORBAX SB-C18,

4.6 mm x 50 mm, 1.8 pm, at 85 °C.



Sample Preparation

ASTM D5815 (or D1996) method recommends
using a reflux apparatus for extracting additives in
polymer. This requires periodic operator interven-
tion over the 1.5-hour-long extraction period. To
find a time-saving sample-preparation method,
ultrasonic extraction was also tested, producing
comparable results in 30 minutes. In terms of
extraction efficiency, there is not much difference
between these two methods. Figure 9 shows very
good overlays of extractions by reflux and ultra-
sonic extraction methods for a LLDPE. Conditions
are identical to those in Figure 1.

Conclusions

Liquid chromatography with ultraviolet/visible
detection is an effective tool for analyzing addi-
tives in polymer formulations. The Agilent 1200
Series RRLC system equipped with RRHT 1.8-um
columns was used to achieve up to 10 times faster
than the conventional HPLC method. The ultra-
sonic extraction method allowed fast extraction
without user intervention for a significant reduc-
tion in overall analysis time. Total time saved was
more than 80 minutes per sample when compared

www.agilent.com/chem

to the conventional analysis and extraction
methods.

References

1. ASTM D5815-95, “Standard Test Method for
Determination of Phenolic Antioxidants and
Erucamide Slip Additives in Linear Low-Den-
sity Polyethylene Using Liquid Chromatography
(LC).”

2. ASTM D1996-97, “Standard Test Method for
Determination of Phenolic Antioxidants and
Erucamide Slip Additives in Low-Density Poly-
ethylene Using Liquid Chromatography (LC).”

3. Agilent Application Compendium CD,
5989-5130EN, June 2006.

4. Michael Woodman, “Improving the Effectiveness
of Method Translation for Fast and High Reso-
lution Separations,” Agilent Technologies, pub-
lication 5989-5177EN.

For More Information

For more information on our products and services,
visit our Web site at www.agilent.com/chem.

Normal —
1 Tinuvin P 1
250+ )
7 Irganox 1076 DAD1 A, Sig=200,4 Ref=360,100 (Z:\WEI\5815000218.D)
DAD A, Sig=200,4 Ref=360,100 (Z:\WEI\5815000219.D)
200+
150+
100
N ‘]L .
0 hl T T ‘ T T T T ‘ T T T T ‘ ‘ T T ‘ 1
0 5 10 15 20 25 min
Figure 9. Chromatogram Overlays of extractions by reflux and ultrasonic extraction methods for

LLDPE.
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Fast Analysis Method for Rubber Chemical
Antidegradants Using 1200 Rapid Resolution

. Liquid Chromatography (RRLC) Systems with
o Rapid Resolution High Throughput (RRHT)

concentration in the formulation are crucial to the
properties of the end product. 77PD, DTPD, IPPD,
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Abstract

p-Phenylenediamine (PPD), a chemical antidegradant for
rubber, and its analogs were found to be optimally deter-
mined using liquid chromatography with ultraviolet/ visi-
ble detection according to the guidelines of ASTM Method
D5666. Using the Agilent 1200 RRLC system with ZORBAX
1.8-pm columns, the PPDs could be separated in one run
with a total analysis time up to 6.4 times faster than the
conventional method based on a 5-pm column.

Introduction

Various additives are artificially incorporated into
polymeric materials to modify certain properties of
the polymer. Therefore, the additives and their

PPD, and 6PPD (see Table 1) are often used as
chemical antidegradants for rubber materials. The
chemical information for five PPDs is displayed in
detail in Table 1.

Liquid chromatography with ultraviolet\visible
detection is a powerful approach to the qualitative
and quantitative analysis of chemical anti-
degradants in rubber. The isocratic LC method for
five PPDs is introduced by ASTM D5666. In this
method, the five PPDs are divided into three
groups and determined by three different methods
(Table 1, ASTM Method D5666-95, 2004).

Agilent 1200 RRLC systems use conventional or
sub-two-micron columns, in various lengths up to
300 mm, and can typically provide ultra-fast sepa-
rations with the same or better resolution as the
original method. This application will compare the
retention capability and peak shape of the two dif-
ferent stationary phases and will focus on showing
the separation of five PPDs in one run, within five
minutes, using the 1200 RRLC system with Agilent
RRHT reversed phase columns.

Agilent Technologies



Table 1. Chemical Information of Five PPDs

Trade Name CAS Number Chemical Structure and Chemical Name
77PD 3081-14-9 N.N'-bis-(1,4-dimethylpentyl)-p-phenylenediamine
H
/@/NM
T
H
DTPD 27417-40-9 N.N'-ditolyl-p-phenylenediamine
IPPD 101-72-4 N-isopropyl-N'-phenyl-p-phenylenediamine
OO
N
H
PPD 106-50-3 p-phenylenediamine
NH,
NH,
6PPD 793-24-8 N-(1.3 dimethylbutyl)-N'-phenyl-p-phenylenediamine
OO
Experimental Mobile Phase Conditions
A: Water with 0.1 g/L ethanolamine
System B: Acetonitrile (ACN) with 0.1 g/L ethanolamine

Agilent 1200 Series Rapid Resolution LC, consisting of:

G1379B micro vacuum degasser

G1312B binary pump SL

G1367C high-performance autosampler SL

G1316B thermostatted column compartment SL

G1315C UV/Vis diode array detector SL with 3-mm, 2-pL flow cell
ChemStation 32-bit version B.02.01-SR1

Columns

Agilent ZORBAX Eclipse XDB-C18, 4.6 mm x 150 mm, 5 ym
Agilent ZORBAX Eclipse XDB-C8, 4.6 mm x 150 mm, 5 ym
Agilent ZORBAX Eclipse XDB-C8, 4.6 mm x 100 mm, 3.5 pm
Agilent ZORBAX Eclipse XDB-C8, 4.6 mm x 50 mm, 1.8 pm

Samples

Mixture of 77PD, IPPD, PPD, DTPD, and 6PPD, all 50 pg/mL in
acetonitrile. 77PD, IPPD, and PPD were standards from
Sigma-Aldrich (St. Louis, Missouri, USA). DTPD and 6PPD were
provided by a customer.

Results and Discussion

Selection of Stationary Phase for the Separation of
Five PPDs

ASTM D5666-95 recommends a 10- to 15-cm long
column packed with C18 grafted silica and 3- to

5-um particle sizes. In our investigation, however,
we observed that the retention characteristics of



ZORBAX Eclipse XDB-C18 were so strong that the
total analysis time would be about 40 minutes or
more. ZORBAX Eclipse XDB-C8 columns were
found to have adequate resolution, and the reten-

tion time was only about half of the C18 column.
Therefore, we chose the C8 column for further
method development. The separations are shown
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in Figure 1.

Agilent ZORBAX Eclipse XDB-C18, 4.6 mm x 150 mm, 5 pm
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Agilent ZORBAX Eclipse XDB-C8, 4.6 mm x 150 mm, 5 ym

Compound
1PPD

21PPD
3DTPD
4 6PPD
577PD

Figure 1.

Conditions
Mobile phase:

Flow rate:
Wavelength:

Injection volume:

Column temperature:

Sample:

Isocratic composition:

A: water with 0.1 g/L ethanolamine
B: ACN with 0.1 g/L ethanolamine

1.0 mL/min

260 nm

10 uL

35°C

Mixture, 50 pg/mL in ACN
30% A, 70% B (v/v)

Column size: 4.6 mm x 150 mm, 5 pm
Stationary phase: Agilent ZORBAX Eclipse XDB-C18 Agilent ZORBAX Eclipse XDB-C8
Analysis time: 42 min 22.5 min

Column stationary phase comparison for five PPDs.



Fast Method Developed Based on New 1200 RRLC

The popular desire of chromatographers is to
decrease the analysis time and increase the daily
throughput with the same or similar resolution.
Nowadays, the Agilent 1200 RRLC system with
higher pressure capability and a higher tempera-
ture range can provide excellent chromatographic
resolution with much shorter run times. Further-
more, a constant concern is how to quickly and

easily transfer conventional methods to fast methods.

Agilent provides two versions of method transla-
tors: one is a Microsoft.net version requiring that
Net-Framework 2.0 be resident on the computer,
and the other is a Microsoft Excel version requir-
ing that Excel be resident on the PC. When the ini-

tial method is an isocratic method, the method
translator can provide two modes of faster meth-
ods. One is simple conversion, with the scaled flow
rate according to the column diameter; the other is
speed optimized conversion, with the maximum
flow rate and pressure. In gradient mode, an addi-
tional option is a resolution optimized conversion.

This application uses a set of Agilent ZORBAX
Eclipse XDB-C8 columns, including 4.6 mm x

150 mm (5 pm), 4.6 mm x 100 mm (3.5 um), and
4.6 mm x 50 mm (1.8 um). The method translator
is used to transfer the initial method on a 5-um
column to two fast methods on 3.5-um and 1.8-um
columns, respectively. The resulting separation of
five PPDs is depicted in Figure 2.
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Compound Conditions
1PPD Stationary phase: Agilent ZORBAX Eclipse XDB-C8
2 IPPD Mobile phase: A: water with 0.1 g/L ethanolamine
3DTPD B: ACN with 0.1 g/L ethanolamine
4 6PPD Isocratic composition: 30% A, 70% B (v/v)
577PD Column temperature: 35°C
Wavelength: 260 nm
Column size 4.6 mm x 100 mm, 3.5 ym 4.6 mm x 50 mm, 1.8 pm
Conversion mode: Simple Speed optimized Simple Speed optimized
Flow rate: 1.0 mL/min 4.0 mL/min 1.0 mL/min 3.0 mL/min
Injection volume: 6.7 pL 6.7 pL 3.3l 3.3puL
Analysis time: 15 min 5 min 10 min 3.5 min
Figure 2. Separation of five PPDs on a smaller particle size column using the transferred methods.
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Conclusions

As a powerful approach, liquid chromatography
with ultraviolet\visible detection is often used to
determine the chemical antidegradants in rubber.
Agilent 1200 RRLC systems typically provide the
customer with a rapid separation having the same
or similar resolution. The method translator can
convert any isocratic or gradient method to fast
method according to customer requirements. This
application details the selection of stationary
phases for the separation of five PPDs, separates
five PPDs with the RRLC system in one run, and
applies the method translator to develop fast
methods based on smaller particle size columns.
With 1.8-um column, the total analysis time of
five PPDs in one run is about 6.4 times faster than
the original 5-um column method.
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Improving Productivity and Extending Column
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A previous application note [1] has shown that multiple GC signals and MS sig-
nals can be acquired from a single sample injection. When a 3-way splitter is
connected to the end of a column, column effluent can be directed proportionally
to two GC detectors as well as the MSD. This multi-signal configuration provides
full-scan data for library searching, SIM data for quantitation, and element selec-
tive detector data for excellent selectivity and sensitivity from complex matrices.

The system used in this study consists of a 7683ALS, a 7890A GC with
split/splitless inlet, 3-way splitter, uECD, dual flame photometric detector
(DFPD), and a 5975C MSD. Figure 1 shows four chromatograms from a single
injection of a milk extract. The synchronous SIM/scan feature of the 5975C MSD
provides data useful for both screening (full scan data) and quantitation (SIM
data). DFPD provides both P and S signals without the need to switch light fil-
ters.

Noticeably in the full scan TIC in Figure 1, a significant number of matrix peaks
were observed after 32 minutes. It is not uncommon to add a “bake-out” oven
ramp to clean the column after analyzing complex samples. The bake-out period
is used to quickly push the late eluters out of the column to be ready for the next
injection. Therefore, it is common to use a higher oven temperature than
required for the analysis and an extended bake-out period at the end of a normal

Ml

SIM
uECD
M‘JJ._AM_M—M
Ju L DFPD(P)
k - 1
s w5 2w T2 s s a0
Figure 1. Four chromatograms collected simultaneously from a single injection of a

milk extract.

Highlights

Backflush — a simple technique to
remove high boilers from the
column faster and at a lower
column temperature to cut down
analysis time and increase column
lifetime.

The milk extract example shows
that a 7-minute 280 °C backflush
cleaned the column as well as a
33-minute 320 °C bake-out. The

cycle time was reduced by more
than 30%.

Using backflush, excess column
bleed and heavy residues will not
be introduced into the MSD, thus
reducing ion source contamination.

Agilent Technologies
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over program to clean out the column, which adds to the cycle time and short-
ens the column lifetime. Adding the bake-out period to the milk extract analysis,
additional matrix peaks were observed even up to 72 minutes, while target com-
pounds already eluted before 42 minutes. This means that 30 minutes were lost
in productivity for each injection.

Backflush [2] is a simple technique to drastically decrease the cycle time by
reversing the column flow to push the late eluters out of the inlet end of the
column. Late eluters stay near the front of the column until the oven tempera-
ture is high enough to move them through the column. When the column flow is
reversed before the late eluters start to move down the column, these late
eluters will take less time and at a lower oven temperature to exit the inlet end
of the column.

There are many benefits in using backflush:

+ Cycle time is reduced (no bake-out period, cooling down from a
lower oven temperature)

+  Column bleed is reduced (no high-temperature bake-out needed), resulting
longer column life

» Ghost peaks are eliminated (no high boilers carryover into subsequent runs)

+ Contamination that goes into the detector is minimized, which is especially
valuable for the MSD (less ion source cleaning)

Figure 2 shows three total ion chromatograms from the Agilent 7890A GC/
5975C MSD. The top chromatogram is a milk extract analysis with all the target
compounds eluted before 42 minutes (over program goes to 280 °C). However,
an additional 33-minute bake-out period at 320 °C was needed to move the high
boilers out of the column. This bake-out period was almost as long as the
required time to elute all target compounds. The middle chromatogram is the
same milk extract analysis stopped at 42 minutes with a 7-minute backflush
post-run at 280 °C added to the analysis. The bottom chromatogram is a blank
run after the backflushing was completed. The blank run shows that the column
was very clean after backflushing. The example shows that a 7-minute backflush
cleaned the column as well as a 33-minute bake-out.

The milk extract example in Figure 2 illustrates the backflush technique in reduc-
ing cycle time and column bleed. The cycle time was reduced by more than 30%
and the column was kept at 280 °C, without going to the bake-out temperature

It took an additional 33 min
and heating the column to 320 °C
‘ to remove these high boilers

A

Y

o

Run stopped at 42 min and
backflushed at 280 °C for 7 mins

— Blank run after backflushing
showing the column was clean

5 10 15 20 25 30 35 40 45 50 55 60 65

70 min

Figure 2. Three total ion chromatograms comparing the results with and without

backflush.

of 320 °C. A column effluent splitter or
QuickSwap is required to do the
backflush.
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Comprehensive Flow Modulated Two-Dimen-
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Two-dimensional GC (GC x GC). a relatively new gas chromatographic technique,
is being recognized for its powerful separation capabilities for the analysis of
complex mixtures. The methodology involves the use of two capillary columns of
usually very different polarities installed in series. Between the two columns a
device known simply as a flow modulator is installed and interfaced to an auxil-
lary programmable control module (PCM) on an Agilent 7890A gas chromato-
graph through a three-way solenoid valve. In the flow modulator, analyte bands
from the first column are collected in a fixed volume channel and successively
injected very quickly into the short second column in very narrow bands.[1] Any
separation that occurs on the first column is preserved during transfer to the
second column. In summary, GC x GC can greatly increase peak resolution and
peak capacity.

The unique flow modulator used in this system is based on Agilent’s Capillary
Flow Technology hardware and does not require the use of cryogenics for focus-
ing. The modulator consists of a planar structure where flow splitters and col-
lector channel are all incorporated internally to the device. All external
connections are made through Agilent CPM fittings (ultimate union technology)
incorporated into the plate for zero unswept volumes and leak proof seals. A
three-way solenoid valve is installed on top of the GC oven and is interfaced to a
PCM module. Experimental conditions used are shown below.

Experimental

GC: Agilent 7890A, FID at 200 Hz data collection rate, split/split
less inlet

Carrier: Hydrogen

Column 1: 30 m x 0.25 mm x 0.25 um HP-5ms, 19091S-433

Column 1 Pressure: 21.5 psig at 50 °C, constant flow mode

Column 2: 5mx0.25 mm x 0.15 um HP-INNOWax

20 mL/min, constant flow mode

Oven Program: 50 °C (1.0 min) to 260 °C (4 min) @ 8 °C/min.
Modulator Period: 1.4 seconds collect, 0.12 seconds flush typical
GC x GC analysis software: GC Image[2]

Column 2 Flow:

An illustration of the modulator is given in Figure 1. The precisely timed and syn-
chronized periodic switching between collect and flush states directs sample
pulses continuously to the second column for additional separation during the

Highlights

Flow modulation offers a viable
alternative to thermal modulation
without the burdens imposed by
cryo requirements for comprehen-
sive GC x GC.

Modulation, timing (collect and
inject), and synchronization are all
integrated into the 7890A GC
system for easy setup and opera-
tion.

Agilent’s fifth-generation elec-
tronic pneumatic control with set-
ting to three decimal points
combined with Capillary Flow
Technology hardware forms the
basis for an easy-to-use GC x GC
system.

kK Agilent Technologies



Split/splitless inlet

Column 1 (25 - 30 M)

Flush flow direction G
Valve on —
H,
—_— Collection channel
Modulation valve
Column 2 (5 M)
Valve off

Flow modulator

Figure 1. Flow modulator design — differential flow system.

length of the chromatographic run.

Discussion

Figures 2a and 2b show unmodulated and modulated peaks, respectively, of a
pure analyte. In this example, n-butylbenzene is shown with approximately three
modulations across the first-column peak. The areas of the modulated peaks
should ideally equal the area of the un-modulated peak. In other words, no mate-
rial should be lost in the transfer to the second column. Area agreement was
within 3% for this test. Peak widths at half height for modulated butylbenzene
are approximately 100 ms. Very narrow peaks as required for the technique are

11.75 11.8 11.85 1.9 11.95 11.8 11.85 1.9 11.95
A. Unmodulated B. Modulated

Figure 2. Modulated and unmodulated n-butylbenzene (not to same scale).



A 2D image of No. 2 kerosene.

Figure 3.

Figure 4. A B20 soy-based biodiesel (20% methyl ester, 80% diesel).
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seen that approach the peak widths obtained by thermal modulation systems.
Flow modulation has the distinct advantage of not requiring cryo fluid for focus-
ing.

Use of a nonpolar column followed by a polar column produces hydrocarbon-
type retention in the following order: alkanes, cyclic alkanes, olefins, single-ring
aromatics, and multi-ring aromatics. An example of a 2D image of No. 2
kerosene is shown in Figure 3. Chemical classes are clearly discernable, with
good resolution seen for the aromatics. Another example, B20 soy-based
biodiesel (20% methyl ester, 80% diesel) is shown in Figure 4. Here the C16 and
C18 fatty acid methyl esters are indicated. Data processing for all samples was
performed using GC Image|[2].
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Abstract

In gas chromatography, sampling and representative
analysis of highly volatile liquefied hydrocarbons with
high precision and accuracy can be challenging. In the
solution described here, a unique sample injection device
based on a needle interface and liquid rotary valve has
been designed for sampling light petroleum matrices with
broad boiling point distributions. The 7890A GC-based
system consists of a 4-port liquid valve, a deactivated
removable needle, and auxiliary flow. The needle is
directly installed on one port of the valve. This compact
device is installed directly over the top of a split/splitless
inlet. The unit is operated automatically just like a typical

liquid autosampler; however, the needle is not withdrawn.

Various pressurized liquid samples have been run on this
device, such as liquefied natural gas (calibration stan-
dard), ethylene, propylene, and butadiene. Excellent
repeatability is obtained with RSDs typically below 1% in
quantitative analyses.

Introduction

There are several known techniques for injecting
volatile liquefied hydrocarbons in gas chro-
matographs. The simplest tools are high-pressure

the Agilent 7890A and 6890 Series Gas
Chromatographs

Hydrocarbon Processing

syringes. However, the pressure limit is not high
enough to analyze light hydrocarbons such as
liquefied natural gas and ethylene. The traditional
methods [1, 2] include the use of vaporizing regu-
lators and rotary sampling valves. During sam-
pling, discrimination of the analytes will take place
for samples with wide boiling points due to con-
densing of heavy components and selective vapor-
ization of light components in transfer lines.
Recently, piston sampling valves were introduced
and are commercially available [3]. These can
suffer from discrimination and short service life-
times at high vaporization temperatures or high
sample pressures.

Combining the advantages of simple syringes and
high-pressure rotary valves, a unique sample injec-
tion device has been designed. The system consists
of a 4-port liquid sampling valve, a Siltek deacti-
vated needle, and a split/splitless inlet. This com-
pact device is installed directly over the GC inlet.
This unit is operated just like a typical liquid
autosampler; however, the needle is not with-
drawn. The maximum limit of sample pressure is
5,000 psig. Various pressurized gas samples have
been evaluated on this device such as liquefied
natural gas (calibration standard), ethylene, propy-
lene, and butadiene. Excellent repeatability is
obtained with 0.47% to 1.09% RSD in quantitative
analyses. Wide boiling point hydrocarbon samples
(C5 to C40) have also been analyzed using this
injector, with excellent quantitative results.

Experimental

Injection Device

The high-pressure liquid injection (HPLI) device
consists of components as shown in Figure 1.

Agilent Technologies



e Valve: Internal sample valve from Valco Instru-
ments Co. Inc. 4-port equipped with a sample
volume of 0.06 uL. Other rotor sizes are avail-
able from Valco Instruments Co. The valve
works under 75 °C and 5,000 psi.

« EPC: An auxiliary flow from a 7890A Aux
module is connected to port P. In sample
analysis, the flow can be set at 50 mL/min to
200 mL/min. The higher auxiliary flow gives
better peak shape.

The following components are recommended.
These are not supplied in the option or accessory
kit.

» Filter: To remove particles from samples, it is

necessary to install a filter between the sample
line and port S.

* Restrictor: To maintain sample pressure, a
metering valve (Agilent PN 101-0355) is con-

nected to the end of the sample exit line tubing.

Restrictor is not included in option or acces-
sory Kkit.

Guideline for choosing Aux flow source
7890AGC
G3471A Pneumatic Control Module (PCM) or
G3470A Aux EPC module
6890GC
G1570A Aux EPC or
G2317A PCM module
The PCM is the preferred source for both GCs.

Sample out

(3) Filter
Samplein

(1) Valve

(3) EPC flow from
AUX module

e—— Carrier gas

(2) Needle

Splitvent

Figure 1.

Flow diagram of the HPLI device.

Samples for System Evaluation

* Liquefied natural gas: Calibration standard,
1,200 psi, with nC7-nC9 (0.102%-0.0503%)

e Liquefied ethylene: Purity 99.5, 1,200 psi

* Pressurized propylene: Grade C. P., purity
99.0%, 200 psi

e Pressurized propane + n-butane: 50.0%:50.0%,
200 psi

* Pressurized 1, 3-butadiene: Purity 99.5%,
180 psi

» n-Hexane + 1.0 % 2# BP standard
(Agilent PN 5080-8768, nC5-nC18)

+ nCb-nC40 D2887 1# BP standard
(Agilent PN 5080-8716, diluted by CS,)

* Glycols, including monoethylene glycol, diethyl-
ene glycol, and triethylene glycol

+ (8 to C16 hydrocarbons at 100 ppm each

Operating Process

The valve is operated with an Agilent pneumatic
air actuator. To load the sample, the valve is set at
the OFF position (Figure 1). The sample is loaded
from port S and vented to port W. The pneumatic
and sample paths in load and inject positions are
shown in Figure 2. To maintain the sample in the
liquid phase and to avoid “bubbles” in the sample
line, it is important to adjust resistance of the
metering valve and check for possible leaks at the
connections. To inject, the valve is switched to the

Load

Carrier gas Sample

Inlet Vent/waste

& o
\

Sample loop

Inject
Carrier gas Sample

Inlet Vent/waste

03 o

N\ /

Pneumatic and sample paths in load and inject
positions.

Sample loop

Figure 2.



ON position. A 2- to 3-second injection time should ey
be used.

The system should always be carefully checked for
leaks before introduction of high-pressure hydro-
carbons. Instrumental conditions and application-
specific columns are shown in Table 1 and Table 2,
respectively.

When the valve is actuated, a stream of carrier gas
from the Aux EPC or PCM will enter the inlet and
combine with the inlet carrier flow; the combined
flow will vent through the split vent. Therefore, the
actual split ratio will be higher than the value set
from ChemStation. The actual split ratio can be
calculated by measuring the split vent flow.

Figure 3. Agilent pneumatic air actuator/valve assembly
installed on the 7890A.

Table 1. Instrumental Conditions

Gas chromatograph Agilent 7890A

Injection source HPLI device at near ambient temperature
Injection port Split/splitless, 250 °C (350 °C for C5-C40)
Sample size 0.5-pL (0.2 pL for C5—C40) device supplied with 0.06-pL rotor
Carrier gas Helium
Aux or PCM 150 mL/min (Helium)
FID 250 °C (350 °C for C5-C40)
H,, 35 mL/min

Air, 400 mL/min

Table 2. Columns and Parameters

Column Sample
flow Split Temperature pressure
Samples Columns mL/min ratio program psig
Natural gas 30 m x 0.53mm x 0.5 pm 8 401 35°C, 1 min 1200
DB-1 #125-1037 20 °C/min to
180 °C, 1 min
Ethylene 50 m x 0.53 mm x 15 pm 8 20:1 35°C, 2 min 1100
AL203 PLOT/KCL + 4 °C/min to
30m x 0.53mm x 5 pm 160 °C, 3.8 min
DB-1, #19095P-K25 and #125-1035
Propylene 50 m x 0.53 mm 7 25:1 35°C, 2 min 180
HP AL203 PLOT + 4 °C/min to
30 m x 0.53mm x5 pm 160 °C, 1.8 min
DB-1
Propane + n-butane 30m x 0.53 mm x 1.0 ym 5 50:1 35°C 150
DB-1, #125-103J
1,3-Butadiene 50 m x 0.53 mm 10 15:1 35°C, 2 min 180
AL203 PLOT/KCL 10 °C/min to
195 °C, 15 min
n-Hexane 30 m x 0.53 mm x 1.0 pm DB-1 5 50:1 45°C N/A
nC5-nC40 10 m x 0.53 mm x 0.88 pm 10 15:1 35°C, 1 min N/A
HP-1, #190952-021 15 °C/min to
350 °C, 5 min
Glycols 30m x0.25 mm x 1.0 ym 1.8 15:1 50 °C, 3 min
HP-1 ms 15 °C/min to

250 °C, 2 min



Results and Discussion

Check for Carryover

A set of normal hydrocarbons was used to perform
a basic check of the system, looking for good peak
shape and lack of carryover.

pA

i nCIZ
50| nCyg
| nCs
40 nCyy
7 nCw
30
20
10
1 Blank
wo b,
T ‘ T T ‘ ‘ ‘ ‘ T ‘ T T
4 6 8 10 12 14 min

Figure 4. Overlay of standard versus blank (100 ppm each in cyclohexane).
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Figure 5. Carryover less than 0.01% on Cyg..



Sample Analysis

A series of glycols was used to model performance
of the device for highly polar analytes. Minimal
peak tailing is seen, due in part to the inertness of
the needle interface. Also, carryover is very low.

pA -

i —  FID2B, Back Signal (OHANA000692.D)
25 MEG ———  FID2B, Back Signal (OHANA000691.D)

1 “ FID2 B, Back Signal (OHANA000690.D)
20;

, DEG TEG
15;
10

;- Il

J 1l ﬁ

HIEEEAN L L

T T T T T T
2 4 6 8 10 min

Figure 6. Triplicate run of 100 ppm each of MEG, DEG, and TEG in IPA.

pA ——— FID2B, Back Signal (OHANAD00693.D)
1 ———  FID2 B, Back Signal (OHANA000692.D)
25 MEG - FID2 B, Back Signal (OHANA000691.D)

No sign of carry over on glycols

1 DEG TEG

T
2

Figure 7.  Glycols versus blank. Two standard duplicates, blank run immediately after injection of standard.



A. Liquefied Natural Gas

Methane
Ethane
Propane
n-Butane
n-Pentane
n-Hexane
n-Heptane
n-Octane
n-Nonane

©EoeNSaARwWN =

1 3 4 5 6 7

u LJL PR JL ﬂ A A

Figure 8. Chromatogram of liquefied natual gas (calibration standard).

Low discrimination is seen in Figure 8 for liquefied
natural gas (LNG). Excellent repeatability is
obtained with RSDs of less than 1%.



B. Liquefied Ethylene

2 W3

Methane
Ethane
Ethylene
Propane
i-Butane
n-Butane
n-Pentane
n-Hexane

NS aARwWN =

T T T
5 10 15

Figure 9. Chromatogram of liquefied ethylene.

The sample in Figure 9 is analyzed by

ASTM D6159, “Standard Test Method for Impuri-
ties in Ethylene by Gas Chromatography.” The
method detection limits (MDLs) for the two meth-
ods are listed in Table 3.

The MDL using the HPLI device is 10 times lower
than reported in the ASTM method due largely to
the lack of peak tailing.

Table 3. MDLs (ppm V) by ASTM D6159 and HPLI

20 25 30

Components ASTM D6159 HPLI
Methane 5.57-62.3 0.27
Ethane 35.1-338 0.78
Propane 8.07-59.7 0.88
i-Butane 7.74-48.4 0.38
Butane 4.97-56.1 1.61
n-Pentane 0.61

n-Hexane 0.74



C. Pressurized Propylene

This sample is analyzed by the same conditions as
in ASTM D6159 (above method for ethylene analy-
sis). The chromatogram is shown in Figure 10.

4 5 7
1. Methane 8. t-2-Butene
2. Ethane 9. 1-Butene
3. Ethylene 10. i-Butene
4. Propane 11. c-2-Butene
5. Propylene 12. i-Pentane
6. i-Butane 13. n-Pentane
7. n-Butane 14. n-Hexane
6
2 8 1
1 ‘ 3 L 10 12 13 14
| .
T T T T T T T T T T T T T T T T T T T
2 4 6 8 10 12 14 16 18
Figure 10. Chromatogram of pressurized propylene.
D. Pressurized 1,3-Butadiene
As an example of C4 hydrocarbons analysis,
Figure 11 shows a typical result for 1,3-Butadiene.
5 10 1 15 20
9 12 1. Methane 11. c-2-Butene
2. Ethane 12. i-Pentane
3. Ethylene 13. n-Pentane
4. Propane 14. n-Hexane
5. Propylene 15. 1,3-Butadiene
6. i-Butane 16. 1-Pentene
7. n-Butane 17. c-2-Pentene
8. t-2-Butene 18. n-Hexane
7 9. 1-Butene 19. Toluene
10. i-Butene 20. Dimer 19
4
3
123 6 | -/
(W | L] kLL.UJ
T T T T T
5 10 15 20 25

Figure 11. Chromatogram of pressurized 1,3-butadiene.



E. Pressurized Propane + n-Butane

This is a quantitative calibration sample:
Propane:n-Butane = 50%:50%.

The chromatogram is shown in Figure 12 with the
results of a quantitative analysis shown in Table 4.

] []
1. Propane
2. n-Butane
I I I I I I I
0.6 0.8 1 1.2 1.4 1.6 1.8

Figure 12. Chromatogram of pressurized propane + n-butane.

Table 4. Quantitative Analysis of Pressurized Propane 50.0% +
n-Butane 50.0%. One Percent Difference Between the
Blend (actual) and the Analysis Result

Propane n-Butane
Response factor 1.03 1.01
Density 0.5139 0.5788
Blend by V% 50.0 50.0
By wt% 47.031 52.969
Analysis
By area% 45.441 54.559

By wt% 45.927 54.073



F. n-Hexane + 1.0% BP Standard (C5-C18)

To check the quantitative results, a small amount
(1.0% BP standard) of C5 to C18 hydrocarbons was
added to n-hexane (Figure 13). Table 5 shows the
analytical results obtained by adding the C5 to
C18 hydrocarbons with both the HPLI device and
the automatic liquid sampler (ALS). In Figure 14,
chromatograms by HPLI (top) and by ALS
(bottom) are shown.

1 2
1. nCh 8. nC12
2. nC6 9. nC14
8 3. nC7 10. nC15
4. nC8 11. nC16
5. nC9 12. nC17
3 6. nC10 13.nC18
7. nCN
6
9 1"
4
s / 10 1
13
I I I I I I I
0 2 4 6 8 10 12

Figure 13. Chromatogram of n-hexane + 1.0% BP standard.
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Figure 14. Chromatograms of n-hexane + 1.0% BP standard. Top:

Table 5. Analytical Results for C5-C18 by HPLI and ALS

HPLI. Bottom: ALS (syringe).

HPLI AUTO INJECTOR
COMPONENTS Area % Width (min) Area % Width (min)
nC5 0.282 0.279
nC6 96.950 0.0209 96.922 0.0195
nC7 0.146 0.148
nC8 0.0524 0.0532
nC9 0.0537 0.0548
nC10 0.109 0.111
nC11 0.0550 0.0559
nC12 0.219 0.221
nC14 0.109 0.110
nC15 0.0532 0.0547
nC16 0.102 0.109
nC17 0.0484 0.0546
nC18 0.0203 0.0239

The peak width of hexane at top: 0.0209 min
The peak width of hexane at bottom: 0.0195 min

There are no significant differences in quantitative
results up to nC14. Compared with the results
from an ALS injection, the HPLI device yields
results about 10% lower in response above approxi-
mately nC16.

min

"



G. nC5-nC40 (D2887 BP Standard Diluted by CS;)

A sample with hydrocarbons (nC5-nC40 D2887
1# BP standard diluted by CS,) is also run on
HPLI. The chromatogram is shown in Figure 15.

12354 6 8 9 11
1. nC5 8. nC12 15. nC24
5 ; 2. nC6 9. nC14 16. nC28
3. nC7 10. nc15 17. nC32
10 4. nC8 11. nC16 18. nC36
5. nC9 12. nC17 19. nC40
12 6. nC10 13. nC18
7. nC1 14. nC20
13
14
15 16 17 18 19
J'JVL—JLJUL“J AU ‘ ‘ ‘
0 5 10 15 20

Figure 15. Chromatogram of nC5-nC40 (D2887 BP standard diluted by CS,).

A lack of discrimination is seen with the HPLI
device. In the future, it would be interesting to run
some unstable condensates for evaluating the
device.

From the above GC evaluation, excellent analytical
results could be obtained using the HPLI device.
These are summarized below.

1. Excellent repeatability

2. Capable of quantitative results

3. No significant peak width broadening
4

. The wide boil point hydrocarbon samples
could be analyzed by this device with minimal
discrimination.

12



Conclusions

A unique sample injection device for the Agilent
7890A GC based on a unique deactivated interface
and liquid rotary valve has been designed for sam-
pling light petroleum matrices with broad boiling
point distributions from methane to as high as
C40. It is installed directly over a split/splitless GC
inlet. The maximum sample pressure is 3,000 psig,
although typical samples will have pressures under
1,600 psig. Various pressurized liquid samples have
been tested on this device with high accuracy and
precision. The sampler is quick to install and easy
to operate. As with all high-pressure sampling sys-
tems, appropriate safety precautions must be fol-
lowed.
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Simultaneous Analysis of Trace Oxygenates
and Hydrocarbons in Ethylene Feedstocks
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The presence of trace hydrocarbons in ethylene can have damaging effects on
both the process catalysts and the final polymer products. Test methods such as
ASTM D6159 are used to ensure the quality of these feedstocks [1]. However,
the analysis of other key contaminants, such as oxygenates, requires GC meth-
ods that run on separate instruments. This can be time consuming and expen-
sive for the process analysis lab.

The Agilent 7890A GC serves as the ideal platform when analyzing different
classes of trace compounds in ethylene. Maximum productivity can be realized by:

+ Using Capillary Flow Technology to perform analysis of trace oxygenates and
hydrocarbons in a single run through 2-D Deans switch chromatography.

+ Automating the preparation of multilevel calibration standards using the new
auxiliary electronic pneumatics control (EPC) modules.

+ Protecting the sensitive and expensive alumina PLOT column by preventing
polar oxygenates from entering the column.

Enhancing ASTM Method D6159 with Capillary Flow Technology 2-D GC

ASTM Method D6159 uses a methyl silicon column in series with an alumina
PLOT column to resolve light hydrocarbons in ethylene. Polar oxygenated com-
pounds cannot be analyzed on this column set because methyl silicon has insuf-
ficient selectivity and the alumina column will adsorb oxygenates, resulting in
column damage. Wax-type liquid phases such as HP-INNOWax can easily sepa-
rate polar compounds from light hydrocarbons using 2-D GC [2]. A wax column
placed before an alumina column will retain polar compounds while the light
hydrocarbons elute near the void volume. Therefore, if a Deans switch is placed
between the columns, the hydrocarbons can be heart-cut from the wax to the
alumina columns while oxygenates are held by the wax column. The optimized
thermal and pneumatic performance of the Agilent 7890A Deans switch is a
result of Capillary Flow Technology. This provides the high levels of retention
time precision and narrow peak shape needed for optimal heart-cutting 2-D GC
(Figure 1).

Using Agilent 7890A GC Capillary Flow

Highlights

The Agilent 7890A GC Capillary
Flow Technology combined with
enhanced electronic pneumatics
control (EPC) provide greater pro-
ductivity and flexibility in the
analysis of trace contaminants in
ethylene.

Multiple auxiliary EPC channels
provide the ability to automatically
generate gas calibration standards
for trace level impurities.

Enhancement of ASTM D6159
method with 2-D GC Deans
switching measures trace oxy-
genates and hydrocarbons in a
single run.

Agilent Technologies



Capillary Flow Technology
Deans Switch

FiD 1 @ e

Restrictor | \

Gas Sampling Volatiles
Valve Inlet

Primary Column "\ ,"
HP-INNOWax 1

FIDZ | @

Secondary Column
Alumina HP-PLOT M

Figure 1.  Configuration of Agilent 7890A for the 2-D GC analysis of trace oxygenates
and hydrocarbons in ethylene.

Method Parameters for Enhanced ASTM D6159 Method

Primary column: HP-INNOWax, 30 m x 0.32 mm id x 0.5 pym film
(19091N-213)

Primary column flow: Helium at 2.5 mL/min

Secondary column: Alumina HP-PLOT M, 30 m x 0.53 mm id x 15 pm
(19095P-M23)

Secondary column flow: Helium at 6 mL/min

Oven temperature program: 40 °C for 6 min, 4 °C/min to 125 °C

Volatiles inlet conditions: 150 °C, 5:1 split
Sample loop: 250 pL at 65 °C
Detector temperature: 250 °C

Capillary Flow Technology: 2.3to 4.5 min
Deans switch cut time

Automating the Preparation of Trace-Level Calibration Standards

Another advantage of the Agilent 7890A GC is the expanded capabilities in EPC.
These extra channels of auxiliary EPC are used with the dynamic blending
system hardware to allow automated preparation of ppmV gas standards for cali-
bration. This approach has been described for the automated preparation of
trace sulfur compounds in various gas matrices [3].

Results

Figure 2 shows the 2-D GC analysis of
methanol and C1 to C4 hydrocarbons
in a sample of technical grade ethyl-
ene. The HP-INNOWax column first
separates the polar methanol from the
unresolved hydrocarbon peaks. The
Deans switch transfers the hydrocar-
bons to the Agilent alumina HP-PLOT
M column, where the C1 to C4 hydro-
carbons are easily separated. This
column is also shown to provide
better separation of trace hydrocar-
bons from the large ethylene peaks,
while maintaining excellent peak
shape and intensity for the acetylene.
The performance of this alumina
column is maintained over many injec-
tions since the HP-INNOWax column
prevents polar oxygenates (water,
alcohols) from damaging the sensitive
stationary phase. Table 1 shows very
good precision using this method for a
sample containing approximately

2 ppmV.
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Figure 2.  Capillary Flow Technology Deans switch used to separate 100 ppmV

oxygenate and hydrocarbon impurities in ethylene.

Table 1.  Method Precision for 2-D GC Analysis of Ethylene Impurities

Peak No. Name Avg. (ppmV)*  Std Dev* %RSD*
1 Methane 2.1 0.011 05
2 Ethane 215 0.049 0.2
3 Ethylene Balance Balance Balance
4 Propane 2.1 0.062 3.0
5 Methanol 2.1 0.081 3.8
6 Propylene 2.1 0.023 1.1
7 Isobutane 2.1 0.015 0.7
8 n-Butane 2.0 0.011 0.5
9 Propadiene 2.1 0.025 1.2
10 Acetylene 1.9 0.036 1.9
1" Tran-2-butene 2.1 0.01 05
12 1-Butene 2.0 0.013 0.7
13 Isobutylene 2.1 0.016 0.8
14 cis-2-butene 2.1 0.017 0.8
15 1,3-Butadiene 2.1 0.018 0.9
16 Methylacetylene 2.0 0.015 0.7

*Sample run 20 times
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Abstract

A flexible configuration of QuickSwap is presented that
allows use of larger id columns, pressure pulse injections,
and variable column flow rates without having to change
the restrictor or QuickSwap pressure. The split configura-
tion can be set up such that the MSD is run at optimal
flow rate. Examples are presented for several different
columns and experimental conditions.

Introduction

QuickSwap is a recently introduced Capillary Flow
Technology device designed to improve the usabil-
ity of GC/MSD systems. It allows you to change
columns and do inlet maintenance without venting
the mass spectrometer. It also facilitates use of the
backflush technique. The basic concepts, benefits,
and use of QuickSwap are described in several
Agilent Technologies publications [1-4] and are
illustrated in Figures 1 and 2.

As can be seen from Figure 1, if the column is dis-
connected from QuickSwap, a flow of inert gas
from the Aux EPC will prevent air from entering
the MSD.

MSD

17 cm restrictor®

Aux EP
Column ux EPC

QuickSwap

*QuickSwap restrictor, P, and T are selected for desired flow to MSD, usually the
maximum flow that the current application requires.

Figure 1. General concept of QuickSwap.

Agilent Technologies



Column Effluent

MSD Transfer Line

QuickSwap is pictured on the left showing perma-
nent (Aux EPC In) and temporary connections. A pic-
ture of a normal QuickSwap installation is shown on
the right.

Figure 2.

In the standard configuration of QuickSwap, you
must determine before installation what the maxi-
mum expected flow will be from the analytical cap-
illary column being used. This value is in turn
used to select the proper restrictor size (the four
available sizes are 92 um, 100 um, 110 um, and

120 pum id), the transfer line temperature, and
QuickSwap pressure.

If the flow from the analytical column exceeds that
originally planned for, then the pressure at Quick-
Swap will exceed its setpoint and the GC will go
“not ready.” This can happen if you do any of the
following:

* Do pressure pulse injections, wherein the flow
during injection is typically two to three times
that during the run

* Increase column flow rate, as you might do
when doing a method speed-up with method
translation

MSD

17 cm x 100 pm*
350 °C, 3.7 psig

Column
QuickSwap

* Do a retention time locking calibration, where
inlet pressure is increased 20% over the nomi-
nal pressure

¢ Change to larger-dimension columns

In these examples, you would need to increase
QuickSwap pressure and/or lower restrictor tem-
perature or cool the system and install a new
restrictor in order to accommodate the higher
flows.

On the other hand, if you were to use a restrictor
that allowed excess flow to the MSD, method per-
formance (for example, detection limit and linear
dynamic range) might be worse. So, it is important
to plan carefully when using the normal Quick-
Swap configuration to get the right balance in per-
formance and usability.

In general, when flow to the MSD changes,
* Tune parameters can change
* Response can change

* S/N and limit of detection can change

An alternate configuration was conceived of that
allows the MSD to be run at optimal flow rate and
improves flexibility and usability of QuickSwap
[QS] in a wider range of potentially useful situa-
tions. This configuration incorporates a split
between the Aux EPC module and QS and is illus-
trated in Figure 3.

This configuration has several advantages over the
standard configuration. It:

¢ Simplifies initial setup (restrictor choices)

* Simplifies changes to existing methods

72 cm x 250 pm

“In this example, the restrictor, transfer line temperature, and QuickSwap pressure were chosen to allow approximately

1 mL/min flow to the MSD —corresponding to its optimal performance regime.

Figure 3.
leading to QuickSwap.

Flexible configuration includes addition of a split vent path on the Aux EPC line



* Simplifies retention time locking applications tions in GC/MS. MSD users are probably aware
with QS that there is an optimum flow above which MSD

performance degrades. For most MSDs with elec-

tron impact sources and standard drawout lenses,

optimal performance coincides with a flow rate

* Allows more aggressive backflush conditions range of 1 to 1.5 mL/min. Above that, signal and
than if larger restrictors were used S/N fall approximately linearly with respect to

flow rate increases.

* Allows pressure pulse injections without having
to change QS restrictor

* Allows method translation and speed up with-
out having to change QS restrictor

* Allows use of medium- and large-bore columns
with MSD

In some applications, there are some valid reasons
why you might consider larger-bore capillary
columns. These include:

¢ Higher sample capacity (solvent peaks don’t tail
as much, polar solutes don’t front as much)

* Better robustness (better able to handle dirty

samples) Experimental
* More amenable to large-volume injections—
especially the solvent vapor exit version An 80-ppm mixture of semivolatiles and surrogates
* Less problematic cool on-column injections was selected based on a validated “fast” USEPA
(more rugged larger id needles can be used) 8270 method [5]. A reference chromatogram is

shown in Figure 4.
However, the problem of higher flow rates associ-
ated with larger id columns has limited applica-
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Figure 4. Reference chromatogram for Fast 8270 method.



Restrictor and setpoints were chosen for the
flexible split configuration such that approximately
1 mL/min would go to the MSD. Several different
combinations of QuickSwap restrictor and set-
points could be used to yield a flow rate in the
optimal range for MSD with EI source. These are
listed in Table 1.

Table 1. Restrictor and Setpoint Combinations Corresonding to
the Optimal Flow Rate Range of the MSD

QuickSwap QuickSwap Transfer line  Flow to MSD

restrictor pressure temperature  (mL/min)

id (pm) (psig) (°C)

92 (G3185-60361) 4.0 250 1.0

92 4.0 195 1.2

100 (G3185-60362) 3.7 350 1.0

100 2.7 250 1.2

110 (G3185-60363) 0.5 350 1.0

110 14 325 12

Referring back to Figure 3, now let’s examine the
flexible QuickSwap configuration in more detail. In
this study, the 1/16-inch Swagelok union connect-
ing the line from QuickSwap to that coming from
the Aux EPC was replaced with a stainless steel tee
(refer to the parts list). To the third leg of the tee, a
restrictor was added leading to a flame ionization
detector (FID) to allow monitoring of vented mate-
rial. In an alternate configuration, one can put the
tee outside the oven by cutting the Aux EPC tubing
on the top of the GC, and then plumb the restrictor
to a separate split vent trap (such as that used to
trap vented sample on the split/splitless inlet; refer
to the parts list). This configuration is recom-
mended to capture potentially noxious sample

Table 2.

components that are vented if an FID is not being
used to combust them. The split vent trap cartridge
is also easily replaced with a fresh one if and when
it is necessary.

The dimensions of the vent restrictor is not as crit-
ical as the one used for QuickSwap. The vent flow
rate needs to be more than that reasonably
expected for the analytical column used and exper-
iments to be conducted. However, there is little
downside to using a restrictor with “moderately
excessive flow,” except that one is wasting clean
purge gas from the Aux EPC. In this example, the
restrictor was chosen to yield approximately

10 mL/min at the initial oven temp (50 °C) and
QuickSwap pressure (3.7 psig).

For experiments where the column flow is less
than the 1 mL/min nominal flow to the MSD,
makeup gas would be supplied by the Aux EPC to
make up the difference and pure purge gas would
vent through the FID. In those cases where the
column flow exceeds 1 mL/min, the excess would
back up the Aux EPC line to the tee, where it will
mix with the purge gas and be vented to the FID
and detected. In effect, any flow > 1 mL/min is
vented while the flow to the MSD remains constant
at its optimum.

To test the flexibility of this configuration, several
different sizes of columns and several different
flow rates were examined using the same semi-
volatiles sample used earlier. The columns and con-
ditions are listed in Table 2. Again, constant
pressure mode conditions were chosen to yield
approximately the same void times for the three
different columns so that solute retention times
would be similar. Later, other flows were tried as
were constant flow modes.

Conditions for Constant Pressure Mode Experiments (Void times nomi-

nally matched at 1.239 min. Conditions: Oven program: 50 °C (1 min) —
350 °C (3 min) @ 20 °C/min; QuickSwap restrictor = 17 cm x 100 pm id
at 3.7 psig and 350 °C, yielding 1.0 mL/min flow to MSD; 0.5 pL splitless

injection with a 2-min purge delay, inlet at 275 °C)

Head Initial flow Ending flow
Dimensions pressure (@50 °C) (350 °C)
20 mx 180 pm 20.5 psig 0.70 mL/min 0.23 mL/min
30 m x 250 ym 23.4 psig 2.18 mL/min 0.72 mL/min
30 m x 530 pm 7.93 psig  6.85 mL/min 2.26 mL/min

Relative

capacity
1X
22X

18X



The results of the comparison are shown in
Figure 5. Several points are worth stating.

from Table 2 that the flow rate decreases from
the optimal flow rate of 0.7 mL/min at the start
of the run to well below that at the end. This

1 ,CC}?;%I; (‘Zelir: qﬁ;ﬁgﬁ:ﬁgﬁiigx??m venting will cause peaks to be wider than they would be
y ). at optimal flow. In contrast, the flow rate of the
2. No pump down, retuning, or equilibration time 250-um id column starts higher than the
were required prior to applying new pressure 1 mL/min optimal flow but remains at an opti-
setpoints and acquiring data for the different mal or faster-than-optimal rate for most of the
columns. run. This will cause the peak widths for the
3. The retention times are approximately the same 250-pm id C(?lumn to be narrower than that of
A the 180-um id column.
on each column—a result of determining the
setpoints that would yield the same void time. . The benzoic acid peak (#4) is less distorted on
4. Peak widths, shapes and heights reflect a com- the 530-um id colump asa C 0.n sequence of the
. . larger column capacity. This is one of the bene-
posite of chromatographic phenomena such as . . .
. . .. fits of using larger id columns.
relative stationary phase capacities, column
efficiencies, deviation of actual flow from opti- . The relative elution order is the same for the
mal flow, and the amount of post-column split three columns. This is a consequence of match-
to vent. For example, one might think that the ing void times and using constant pressure
180-um id column should have the narrowest mode. This would not be the case when using
peaks (highest efficiency); however, one can see constant flow mode (see Figure 7).
Abundance
2.4e+07 on
2.2e+07
| 180 pm id column 16|17
2e+07 - 12
e+ i 5 6,7,8 14 15
18e+07 2 4 9 18
i 13
1.6e+07 - 4
1.4e+07 -
| 250 pm id column 6.78 1011 99 14| 15 16 17
1.2e+07 4 5 13 18
7 2
1e+07 | 3 9
8000000 - 4
6000000 -
e 530 pm id column 7 18
4000000 -
2000000 -
0\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
6.00 700  8.00 9.00 1000 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00
Time
Figure 5. Constant pressure mode analysis with three different column dimensions; 0.5-pL splitless injections of 80-ppm semi-

volatiles test sample, with flow conditions from Table 2.



As can be seen in Figure 6, the FID signal indicates
what was split to the FID when column flow
exceeded the 1 mL/min flow to the MSD. At no
time does the 180-um id column flow exceed

1 mL/min, so there is nothing vented and no FID
signal. For the 250-um id column, the flow at initial
conditions is > 1 mL/min, and the excess flow is
split to the FID, as indicated by a solvent peak. Yet
as flow decreases during the run (a normal conse-
quence of constant pressure mode conditions),
column effluent all goes to the MSD and FID signal

remains flat. For the 530-um id column, flow is
always > 1 mL/min, so some flow is always being
vented through the FID. This is easily seen in the
inset of Figure 6, where the scale is expanded and
peaks can be seen throughout the FID chro-
matogram.

column is its optimal flow, the higher is 2X optimum.
Other instrumental paramters were the same as those
used for constant pressure mode experiments.)

Dimensions Outlet flow
20 m X 180 pm 0.72 mL/min
20 m X 180 pm 1.44 mL/min
30 m X 250 pm 2.5 mL/min
30 m X 250 ym 1.0 mL/min
30 m X530 ym 2.1 mL/min
30 m X 530 pm 7.0 mL/min

Response | ‘
1.6e+09 |
1.4e+09 l \
1.2e+09
1e+09 i B e e
e+d9 1 2.00 4.00 6.00 800 10.00 12.00 14.00 16.00 18.00
8e+08 .
e 180 pm id column
6e+08
4e+08 250 pm id column
2e+08 |
530 pm id column
0 e T
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00
Time
Figure 6.  FID signal of vent stream shows what is vented when column flow exceeds flow to MSD.
Table 3. Constant Flow Mode Conditions (Lower flow for each Constant flow mode was also evaluated. Condi-

tions for constant flow modes are given in Table 3.
Two flow rates were chosen for each column: opti-
mal flow rates (the lower of the two) and 2X opti-
mum.

The MSD TIC for each column at optimal flow rates
is shown in Figure 7, with the corresponding FID
vent signal in Figure 8. It can clearly be seen that
for the 250-um and 180-mm id columns, no column
effluent is split to the FID. Since the flow rate of
the 530-um id column is approximately 2X the flow
the MSD, half of the column effluent is split to the
FID.
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FID vent signal for three columns under optimal flow conditions. Only the 530-pm id column has a flow that exceeds the 1



Results for the 2X optimal flow conditions are
shown in Figures 9 and 10. The flexibility of the
QuickSwap split configuration is highlighted here
in that no adjustments were made to QuickSwap
restrictor size, transfer line temperature, or Aux
EPC pressure in order to accommodate all of the
flow changes. Only the columns and their individ-
ual flow conditions were changed. The QuickSwap
split passively accommodated all excess flow.

Notice in Figure 9 that the higher the excess
column flow, the less of the sample goes to the
MSD (more is split to vent, as seen in Figure 10).
The fact that less sample is getting to the MSD
might be considered a serious disadvantage for

some analyses, but this is tempered by the fact that
the larger column has higher sample capacity, so
larger sample volumes could be injected without
suffering overload (peak distortion). In addition,
the larger diameter columns usually generate
wider peaks, so a larger value can be selected for
MSD sampling (for example, samples = 22 or 24
instead of 2%). This will result in higher S/N. So, if
one seeks the benefits of larger id columns for MS
analysis, one can easily accommodate them with
this QuickSwap configuration with only a small
compromise.

10,11
16 |17
6.7.8 12 14115 18
i b 180 pm id col
) 10411 pm id column
9
3
4
U | L L
16417
6,7,8 12
2 5 13 14(115 18 .
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4
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10,11,12 13 s 18 ]
2 . 5 6,7.8 9 l 530 pm id column
[ M | B
T T T T T T T T T T T T T T T T T T T T T T T T T T T
6.00 8.00 10.00 12.00 14.00 16.00 18.00
Figure 9. Comparison of MSD TIC chromatograms for three columns run at 2X optimal constant flow mode. Scale is con-

stant for the three, showing the absolute amount of sample reaching the MSD.
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Figure 10. FID vent signals for the two largest columns operated at 2X optimal constant flow rate conditions.

Pressure-pulse injection is often used to minimize
the time labile samples stay in the inlet and to
avoid inlet overload when large volume sample
injections. With this technique, pressures are typi-
cally two to three times the starting pressure of
the standard analysis. As such, the flow through
the column is increased significantly. In the stan-
dard QuickSwap configuration, this higher flow
can exceed the ability of the chosen QuickSwap
restrictor to handle at the selected QuickSwap
(Aux EPC) pressure. When this happens, pressure
exceeds the setpoint, the GC goes “not ready,” and
automated injection does not proceed. With the
flexible split configuration for QuickSwap
described herein, the extra flow during pressure
pulse injection is vented, so there is no issue with
maintaining setpoint.

A pressure pulse injection was done with the
250-um id column to verify that the split configura-
tion would accommodate the extra flow. The pulse
pressure was 50 psi (approximately two times the
standard pressure) for 1 min, after which the pres-
sure returned to 23.41 psig for the remainder of
the run. For the standard run, the pressure was
23.41 psig for the whole time. No other changes
were made to experimental conditions.

Figure 11 compares MSD TIC chromatograms for
the standard and pulsed-pressure experiments.
One can see a slightly earlier retention time for the
first couple of peaks in the pressure pulse experi-
ment (this is typical due to the higher initial
column flows). Other than that, the chromatograms
are indistinguishable.
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Figure 11. Comparison of standard and pressure-pulse injection modes. No adjustment of QuickSwap pressure was required for
the pressure-pulse mode —a henefit of using QuickSwap split configuration.

As can be seen from the FID vent signal, period (1 min), the column flows are the same in
(Figure 12), more solvent is vented in the pressure- the two cases and decrease to near or below

pulse injection than in the standard because of the 1 mL/min. As a result, there is no excess column
higher initial flow. Yet for the analytical portion of flow to split to the FID and the FID baseline is flat.
the run after completion of the pressure pulse

~&—Pressure pulse

~€— Standard splitless

I 1 T T
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Figure 12. FID vent signal for pressure-pulse injection versus standard splitless injection.
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Parts List
Part Description Part number
QuickSwap Kit G3185B
QuickSwap restrictors 92 pm (G3185-60361
100 pm G3185-60362
110 pm G3185-60363
1/16" tee Regular 0100-0782
ZDV 0100-0969
SilTite 1/16" ferrules For connecting 1/16" SS lines (G2855-2055
Deactivated FS 250-pum id FID vent restrictor 160-2255-5
Split vent trap Kit—vent alternative to FID G1544-0124
1/16" straight union 0100-0124
SilTite ferrules for capillary 250 pm 5188-5361
column connections 320 pm 5188-5362
530 pm 5188-5363
20 m X 180 mm X 0.36 mm DB-5.625 121-5622
30 m X 250 mm X 0.5 mm DB-5MS 122-5536
30 m X530 mm X 1 mm DB-5 125-503J
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Parallel GC for Complete Refinery Gas

analyses allow a separation problem to be divided
into three sections. Each channel can optimize a
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Abstract

An Agilent 7890A gas chromatograph configured with
three parallel channels with simultaneous operation pro-
vides a complete, high-resolution analysis for refinery gas
in six minutes. The system uses an optimized combination
of several packed columns and PLOT alumina columns to
allow fast separation of light hydrocarbons and perma-
nent gases with the same oven temperature program. A
third channel with TCD with nitrogen (or argon) carrier
gas improves the hydrogen sensitivity and linearity. This
application also shows the excellent performance for nat-
ural gas analysis.

Introduction

Refinery gas is a mixture of various gas streams
produced in refinery processes. It can be used as a
fuel gas, a final product, or a feedstock for further
processing. An exact and fast analysis of the com-
ponents is essential for optimizing refinery
processes and controlling product quality. Refinery
gas stream composition is very complex, typically
containing hydrocarbons, permanent gases, sulfur
compounds, and so on. Successful separation of
such a complex gas mixture is often difficult using
a single-channel GC system. Three parallel channel

particular part of the separation. TCD with helium
carrier gas can be used for permanent gases analy-
sis like Oz, Ny, CO, COs, HyS, and COS. However,
hydrogen has only a small difference in thermal
conductivity compared to helium, making analysis
by TCD using helium carrier gas difficult. To
achieve full-range capability for hydrogen, an addi-
tional TCD with nitrogen or argon as a carrier is
required. Light hydrocarbons are separated on an
alumina PLOT column and detected on a FID.

The Agilent 7890A GC now supports an optional
third detector (TCD), allowing simultaneous detec-
tion across three channels; this provides a com-
plete analysis of permanent gases, including
nitrogen, hydrogen, helium, oxygen, carbon monox-
ide, carbon dioxide, and hydrocarbons to nC;, Ce+
fraction within six minutes.

Experimental

A single Agilent 7890A GC is configured with three
channels, including one FID, and two TCDs. Light
hydrocarbons are determined on the FID channel.
One TCD with nitrogen or argon carrier is used for
the determination of hydrogen and helium. The
other TCD with helium carrier is used for the
detection of all other required permanent gases.
Figure 1 shows the valve drawing. The system con-
forms to published methods such as ASTM D1945
[1], D1946 [2], and UOP 539 [3].

The FID channel is for light hydrocarbon analysis.
The sample from valve 4 is injected via the capil-
lary injector into valve 3 to permit an early back-

Agilent Technologies



flush of the grouped heavier hydrocarbons (nor-
mally Cgt+). Valve 3 is a sequence reversal with a
short DB1 (column 6) for separating the hexane
plus fraction (Cg¢+) from the lighter components. C;
through Cs; hydrocarbons are separated on a PLOT
alumina column. As soon as the light components
C, through C; pass through the DB1column, valve 3
is switched to reverse the sequence of the DB1 and
PLOT aluminum column so that components heav-
ier than nCg including nCg, are backflushed early.
As a result, group Cg+ is followed by the individual
hydrocarbons from the PLOT alumina column.

A new tube connector based on capillary flow
technology is used to connect the valve to the cap-
illary column to enhance the hydrocarbons analy-
sis by improving the peak shape.

The second TCD channel (B TCD) employs three
packed columns and two valves for the separation
of permanent gases including O, Ny, CO, and CO,
using helium as a carrier gas. Valve 1 is a 10-port
valve used for gas sampling and backflushing heav-
ier components; normally components heavier
than ethylene are backflushed to vent when H,S is
not required to be analyzed. A six-port isolation

valve (valve 2) with adjustable restrictor is used to
switch the molecular sieve 5A column in and out of
the carrier stream. Initially, the isolated valve is in
the OFF position so that unresolved components
air, CO, and CH, pass quickly through the HayeSep
Q (column 2) onto the molecular sieve (column 3).
The valve is then switched to the ON position to
trap them in column 3 and allow the CO; to bypass
this column. When the CO; has eluted, valve 2 is
switched back into the flow path to allow O, Nj,
CH,4, and CO to elute from the molecular sieve
column.

The third TCD channel (C TCD) is for the analysis
of Hy. Sample from the 10-port valve (valve 5) is
injected into a precolumn (column 4, HayeSep Q)
when H, with its coeluted compounds Os, N, and
CO pass through the short precolumn HayeSep Q
onto the molecular sieve 5A column (column 5).
Valve 5 is switched so that CO; and other com-
pounds will be backflushed to vent, while H; is
separated on the molecular sieve 5A.

Typical GC conditions for fast refinery gas analysis
are listed in Table 1. The refinery gas standard
mixture that was used for the method develoment
is listed in Table 2.

c c
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Column 1 HayeSep Q 80/100 mesh
Column 2 HayeSep Q 80/100 mesh
Column 3 Molsieve 5A 60/80 mesh
Column 4 HayeSep Q 80/100 mesh

Column 6 DB-1

Figure 1. RGA valve system.

Column 5 Molsieve 5A 60/80 mesh

Column 7 HP-PLOT Al,04
PCM: Electronic pneumatics control (EPC) module



Table 1. Typical GC Conditions for Fast Refinery Gas Analysis

Valve temperature

Oven temperature program

120 °C
60 °C hold 1 min, to 80 °C at 20°C/min, to 190 °C at
30 °C/min

FID channel

Front inlet 150°C, split ratio: 30:1 (uses higher or lower split ratio
according to the concentrations of hydrocarbons)

Column 6: DB-1

Column flow (He)

7: HP-PLOT AI203 S
3.3 mL/min (12.7 psi at 60 °C), constant flow mode

FID
Temperature
H, flow

Air flow
Make up (N,)

200°C

40 mL/min
400 mL/min
40 mL/min

Second TCD channel

Column

Column flow (He)
Procolumn flow (He)

1: HayeSep Q 80/100 mesh

2: HayeSep Q, 80/100 mesh

3: Molecular sieve 5A, 60/80 mesh

25 mL/min (36 psi at 60 °C), constant flow mode

22 mL/min at 60 °C (7 psi), constant pressure mode

TCD
Temperature
Reference flow
Make up

200°C
45 mL/min
2 mL/min

Third TCD channel

Column

Column flow (N2)
Procolumn flow (Ny)

4: HayeSep 0 80/100, mesh

5: Molecular sieve 5A, 60/80, mesh

24 mL/min, (26 psi at 60 °C), constant flow mode

7 psi, (24 mL/min at 60 °C), constant pressure mode

TCD
Temperature
Reference flow
Make up

200°C
30 mL/min
2 mL/min

Table 2. RGA Calibration Gas Standards

Compound
1 Methane
2 Ethane
3 Ethylene
4 Propane
5 Cyclopropane
6 Propylene
7 i-Butane
8 n-Butane
9 Propadiene
10 Acetylene
11 t-2-Butene
12 1-Butene
13 i-Butene
14 c-2-Butene

% (V/V)

5.98
5.07
2.99
8.04
0.50
3.04
2.1
2.11
0.94
1.72
1.55
1.00
0.808
1.230

Compound % (V/V)
15 i-Pentane 0.101
16 n-pentane 0.146
17 1,3-Butadiene 1.46
18 Propyne 0.476
19 t-2-Pentene 0.195
20 2-Methyl-2-butene 0.149
21 1-Pentene 0.094
22 c-2-Pentene 0.146
23 n-Hexane 0.099
24 H, 15.00
25 0, 2.00
26 CO 1.50
27 CO, 3.00
28 N, BL



Results and Discussion

Enhance Gas Analysis with Union Connector

The system uses the new union connector based on
capillary flow technology for connecting the capil-
lary column to the valve, enhancing the peak
shapes in gas analysis and making the connections
easier. Figure 2 shows the comparison of peak
shapes obtained from a traditional polyamide con-
nector and the new union connecter. With the new
union connecter the improvement in peak shape is
readily apparent.

Fast Refinery Gas Analysis (RGA)

Use of an optimized combination of several packed
columns and a PLOT alumina column allows fast
separation of light hydrocarbons and permanent
gases with the same oven temperature program
without the need of an additional oven.

The separation results from each channel are illus-
trated in Figure 3.

Traditional
connector 1
New union
connector ]\ ) ]k
Figure 2. Hydrocarbon peaks obtained from traditional tube connector and new union connector.
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Figure 3. Refinery gas calibration standards analysis. The concentrations for each compound are

shown in Table 2.



The top chromatogram (FID channel) is the hydro-
carbon analysis. The PLOT alumina column pro-
vides excellent separation of hydrocarbons from C,
to nC; including 22 isomers. Components heavier
than nCs are backflushed early as a group (Cet)
through the precolumn. The middle chromatogram
(second TCD channel) is the separation of perma-
nent gases using helium as a carrier gas. The
bottom chromatogram (third TCD channel) is the

separation of hydrogen, since hydrogen has only a
little difference in thermal conductivity compared
to helium. Use of an additional TCD with nitrogen
(or argon) as a carrier gas improves the hydrogen
detectability and linearity.

Table 3 shows very good repeatability for both
retention time and area for analysis of the refinery
gas standard.

Table3. Repeatability-Refinery Gas Analysis (6 runs) with 1 Run Excluded
Retention time Area

Compounds Average  Std.dev. RSD% Average Std. dev. RSD%
Ce+ 0.99648 0.00031 0.03 59.01 1.10 1.86
Methane 1.50780 0.00046 0.03 490.02 1.45 0.30
Ethane 1.70788 0.00052 0.03 807.40 2.35 0.29
Ethylene 1.95732 0.00071 0.04 472.31 1.31 0.28
Propane 2.41706 0.00075 0.03 1950.35 5.96 0.31
Cyclopropane 3.18506 0.00075 0.02 145.62 0.45 0.31
Propyene 3.26195 0.00072 0.02 732.90 2.01 0.27
i-butane 3.64883 0.00055 0.02 885.04 3.15 0.36
n-butane 3.79161 0.00070 0.02 682.13 2.59 0.38
Propadiene 3.86098 0.00095 0.02 109.08 0.65 0.60
Acetylene 3.96990 0.00120 0.03 348.17 2.39 0.69
t-2-butene 4.47301 0.00106 0.02 507.88 2.59 0.51
1-butene 457118 0.00110 0.02 332.39 2.03 0.61
i-butylene 4.67529 0.00121 0.03 260.95 1.95 0.75
c-2-butene 4.76367 0.00112 0.02 403.80 3.47 0.86
i-pentane 5.03923 0.00090 0.02 45.03 0.05 0.11
n-pentane 5.14583 0.00099 0.02 69.23 0.40 0.58
1,3-butadiene 5.25906 0.00122 0.02 485.49 3.66 0.75
Propyne 5.36385 0.00155 0.03 101.08 0.41 0.40
t-2-pentene 5.58664 0.00121 0.02 82.85 0.66 0.79
2-methyl-2-butene  5.68220 0.00117 0.02 62.54 0.61 0.98
1-pentene 5.75553 0.00126 0.02 39.57 0.38 0.96
¢-2-pentene 5.83970 0.00131 0.02 59.08 0.50 0.85
CO0, 2.18561 0.00221 0.10 2040.33 237 0.12
0, 2.72634 0.00060 0.02 930.68 6.53 0.70
N2 3.25170 0.00044 0.01 22500.18 68.87 0.31
co 4.61692 0.00083 0.02 903.09 2.77 0.31
H, 0.9869 0.00099 0.10 16097.38 106.53 0.66



Typical natural gas also can be characterized with
the system using the same conditions for the fast
RGA. The chromatograms of natural gas on the
three channels are shown in Figure 4; hydrogen
(3% Mol) and helium (1% Mol) are separated on the
third TCD channel.

Flexibility for Hydrocarbon Analysis

The system is very flexible for hydrocarbon analy-
sis. By setting up different valve (valve 3) switch
times, the early backflush group can be Cg+ fol-
lowed by individual C,; to C5 hydrocarbons as men-
tioned in fast RGA, or C++ followed by individual C,
to Cs hydrocarbons, or no backflush to separate C,;
to Cy individual hydrocarbons. The top chro-
matogram in Figure 5 is the result with backflush
group of Ce+, the middle one is that of C;+, and the

bottom one is that of no backflush. With such flexi-
bility, a wide range of refinery gas and natural gas
compositions can be measured reliably without
hardware or column changes.

H,S and COS Analysis

H,S and COS (methyl-mercaptan) can be analyzed
on the rear TCD channel by adding an additional
delay to the backflush time (valve 1) to allow HyS
and COS to elute onto column 2 (HayeSep Q). The
analysis time is extended an additional 3 to 4 min-
utes, and requires a sample containing no water.
Figure 6 shows the chromatogram of H.S at
approximately 500 ppm and COS 300 ppm with

1 mL sample size. The Nickel tubing packed
columns and Hastelloy-C valves can be chosen for
high concentration of HyS analysis to minimize cor-
rosion.
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Figure 4. Natural gas analysis of a calibration gas.



FID2 Signal (RGAJUN27\NGAC7C8095_0008.D)
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Oven program: 50 hold 2 minutes, to 150 °C at

30 °C/min, hold 3 minutes, to

190 °C at 30 °C/min, hold 1 minute
Sample loop: 1 mL

Reporting

A macro program provides automated gas proper-
ties calculation. It gives a report in mole %,

weight %, volume %, or any combination of the
three. If required, heat values for the gas analyzed
and other standard calculations are also available.
Reports can be calculated using formulas given in
the ASTM/GPA or ISO standards.

Conclusions

An exact and fast analysis of the components in
refinery gas is essential for optimizing refinery
processes and controlling product quality.

One 7890A GC configured with three parallel chan-
nels with simultaneous operation provides com-
plete analysis of permanent gases, including
nitrogen, hydrogen, helium, oxygen, carbon monox-
ide, carbon dioxide, and all hydrocarbons to C; and
Cet as a group within six minutes. A second TCD
with nitrogen or argon as a carrier gas improves
the hydrogen sensitivity and linearity.

The configuration is very flexible for hydrocarbon
analysis, different backflush times may be set to
obtain the early backflush group for C¢+ or C+, or
no backflush to separate C; to C, individual hydro-
carbons. In these cases, the analysis time is
increased by 6 minutes. H,S and COS can be ana-
lyzed on the same GC configuration; it requires 3
to 4 minutes of additional time.

A macro program provides automated gas proper-
ties calculation. Reports can be calculated using
formulas given in the ASTM/GPA or ISO standards.
It gives a report in mole %, weight %, volume %, or
any combination of the three.

www.agilent.com/chem
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Parallel GC for Complete RGA Analysis

Application Brief
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A previous application brief [1] has shown that a 7890A GC configured with
three parallel channels provides a complete refinery gas analysis (RGA) within
six minutes. The configuration for fast RGA in the brief has been updated by
adding a fifth valve, which can now be supported by the 7890A GC. The updated
configuration is almost the same as the previous one except for the third chan-
nel (TCD) for H, analysis using N, or Ar as carrier gas to improve H, detectability
and linearity. The updated configuration uses a 10-port valve with a pre-column
for backflushing late-eluting components while H; is separating on the molsieve
column instead of a three-way splitter plus split/splitless inlet.

Refinery gases are mixtures of various gas streams produced in refinery

processes. They can be used as a fuel gas, a final product, or a feedstock for fur-

ther processing. The composition of refinery gas streams is very complex, typi-
cally containing hydrocarbons, permanent gases, sulfur compounds, etc. An
exact and fast analysis of the components is essential for optimizing refinery
processes and controlling product quality.

The Agilent 7890A GC now supports an optional detector (TCD), allowing simul-
taneous detection across three channels. This provides a complete analysis of
permanent gases, including nitrogen, hydrogen, oxygen, carbon monoxide,
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Column 1 HayeSep Q 80/100 mesh Column 5 Molsieve 5A 60/80 mesh
Column 2 HayeSep Q 80/100 mesh Column 6 DB-1
Column 3 Molsieve 5A 60/80 mesh Column 7 HP-PLOT Al,05
Column 4 HayeSep Q 80/100 mesh PCM: Electronic pneumatics control (EPC) module

Figurel. RGA valve system.

Highlights

One 7890A GC configured with
three parallel channels with simul-
taneous detection provides a com-
prehensive, fast, and high-resolu-
tion analysis of refinery gas in

6 minutes.

Use of optimized columns allows
faster analysis of hydrocarbons
and permanent gases using a
single oven temperature program
without the need for an additional
column oven.

A third TCD channel can be used

for improving hydrogen detection
and linearity by using nitrogen (or
argon) as carrier gas.

A new, easy-to-use union tubing
connector based on capillary flow
technology is used to connect
valves and capillary columns to
improve the chromatographic per-
formance, including peak shape.

Excellent results are achieved. The
lowest detection limit is 50 ppm
for all compounds, 500 ppm for
hydrogen sulfide.

ChemStation macro program is
supplied for RGA reporting.

The system can be obtained by
ordering option SP1 7890-0322 for
the standard fast RGA and 7890-
0338 for the fast RGA with Hastel-
loy valves and nickel tubing for
H,S containing samples on the
7890A.
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carbon dioxide, and hydrocarbons to nC6. The total run time is less than 6 min- separation of hydrogen. Because
utes. The configuration is suitable for most refinery gas streams such as atmos-  hydrogen has only a small difference
pheric overhead, FCC overhead, fuel gas, and recycle gases. in thermal conductivity compared to

helium, it requires an additional TCD
with nitrogen or argon as the carrier
gas to improve the hydrogen
detectability and linearity. All chan-
nels operate simultaneously to pro-
vide a comprehensive, fast analysis
with high resolution of components. A
macro program automatically provides

In this analysis, a single Agilent 7890A GC is configured with three channels,
including an FID channel and 2 TCD channels. Light hydrocarbons are deter-
mined on the FID channel using an alumina column. One TCD is used with nitro-
gen or argon carrier gas for improved determination of hydrogen and helium; the
other TCD is used with helium carrier for the detection of all other required per-
manent gases. The configuration is shown in Figure 1. An Agilent union tube
connector, based on capillary flow technology, is used to quickly and easily con-
nect the valve and capillary column for improved performance. The system con- ) !
forms to published methods such as ASTM D1945 [2], D1946 [3], and UOP 539 the calculation of gas properties.

[4]. Reports can be generated using for-
mulas specified in the ASTM/GPA
Separation resulting from each channel is illustrated in Figure 2. The top chro- and/or IS0 standards. Reports in
matogram shows the hydrocarbon analysis. A PLOT AL203 column provides mole%, weight%, volume%, or any
excellent separation of hydrocarbons from C1 to nC5 containing 22 isomers. combination of the three are available.

Components heavier than nC6 are backflushed early in the run as a group (C6+)
through a short DB-1 pre-column.The middle chromatogram shows the separa- .
tion of permanent gases using helium as the carrier gas on the second TCD For More Information

channel (B TCD). H,S and COS can be analyzed on the second TCD channel as For more information on our products

well, requiring 3 to 4 additional minutes. The bottom chromatogram shows the and services, visit our Web site at
www.agilent.com/chem.
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Figure 2. Refinery gas calibration standards analysis.
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Abstract

Polychlorinated biphenyls (PCBs) in waste oil are typi-
cally analyzed by GC-ECD or GC/MS after solid phase
extraction (SPE) cleanup. However, not all problematic
matrix components are completely removed during
cleanup and are injected into the analytical system,
thereby contaminating the column and the detector.

In this application, a practical example of backflushing is
presented using the Agilent QuickSwap accessory
installed on a 7890 GC/5975 MSD system. Benefits of
using QuickSwap instead of the traditional high-tempera-
ture bakeout procedure are demonstrated. Column and
detector contamination were significantly reduced and
sample throughput increased.

Introduction

The determination of polychlorinated biphenyls
(PCBs) in mineral oils, including transformer oil,

Application

waste oil, or solid waste in general, is a routine
application in environmental laboratories. After
dilution/dissolution of the oil sample, a solid-
phase extraction sample cleanup is used to remove
most of the matrix components. Several SPE meth-
ods are commonly applied, and some custom car-
tridges are available specifically for this purpose.
According to EN 12766, for instance, a combina-
tion of silica and acidified silica/anion exchange
(SiOH-H.S04/SA) adsorbents is prescribed. The oil
samples are diluted and applied to the cartridge in
hexane solution and the PCB fraction is then
immediately eluted with hexane rinse. The polar
matrix compounds remain on the SPE cartridges

[1].

In the PCB fraction, however, apolar matrix com-
pounds elute from the cartridge with the PCBs. In
one regard, this is not an immediate analytical
problem, because when this sample fraction is ana-
lyzed by selective detectors like GC-ECD or GC/MS
in selected ion monitoring (SIM) mode, the co-
extracted solutes are not directly detected. How-
ever, their presence contaminates the inlet,
column, and detector, causing continuously
decreasing system performance. Symptoms such
as drifting and increasingly noisy baseline, integra-
tion difficulties, decreasing chromatographic reso-
lution, changing column selectivity, and decreasing
detector S/N force more frequent inlet system,
column, and MS source maintenance and poten-
tially require re-running some samples.

Backflush is a technique that has recently become
easier to implement with capillary GC separations
due to the availability of Capillary Flow Technology
devices [2-9]. One such device is the Agilent Quick-
Swap, whose primary function is to simplify

Agilent Technologies



changing columns and doing maintenance on
GC/MS systems. QuickSwap provides a flow of
clean carrier gas that excludes air from the mass
spectrometer when columns are disconnected.

An auxiliary electronic pressure control (aux EPC)
module or pressure control module (PCM) is typi-
cally used to supply the purge gas to QuickSwap
and thereby offers the ability to program the pres-
sure during the run. To backflush a capillary
column, one need only raise the pressure of Quick-
Swap (the outlet of the column) higher than that of
the inlet (the head of the column). The column
flow reverses, eliminating remaining sample com-
ponents from the head of the column and passing
them out of the split vent of the inlet and onto the
split vent trap.

Backflushing a column after elution of the com-
pounds of interest is a very effective way of elimi-
nating column contamination. Low-volatility
contaminants from the most recently injected
sample tend to remain at the head of the column
until high oven temperatures are reached. So, by
reversing the flow through the column, these con-
taminants need only flow a short distance to be
removed from the column. In the traditional bake-
out, they would need to travel through the full

Table 1. GC/MS System Conditions

length of the column to be removed. In addtion to
more effective removal of contaminants, cycle time
is significantly reduced, columns are spared from
exposure to the high temperatures typical of bake-
outs, and detector contamination is reduced.

Sample Preparation

A typical procedure was used to prepare a BCR
reference sample (BCR-449, waste mineral oil, high
PCB level). A 10% dilution of the oil was made in
hexane (1 g in 10 mL). From this solution, 250 uL.
was applied to a series-combination of two car-
tridges: a 3 mL cartridge filled with 500 mg of
silica treated with H,SO4 + 500 mg strong anion
exchange resin and a 3-mL cartridge filled with
500 mg silica. The cartridges were preconditioned
with hexane. The PCBs were eluted with 4 mL
hexane. An aliquot of this solution was used for
GC/MS analyses.

GC Conditions

All analyses were performed on an Agilent 7890A
GC/5975 MSD system with QuickSwap option
number 113 (with Aux EPC module). Injection was
done using a 7683 ALS. The GC/MS conditions can
be summarized in Table 1:

Column 30 m x 0.25 mm id x 0.25 pm df HP-5MS (Agilent P/N 19091-433)

Inlet S/Slin splitless mode 280 °C, 0.75 min purge delay
Purge flow rate: 50 mL/min

Carrier gas Helium

Run pressure 150 kPa constant pressure 2 mL/min initial flow rate

Backflush pressure 28 kPa

QuickSwap
Restrictor

GC option number 113 or
17 cm x 110 pm id restrictor

Accessory kit G3185B
Part number G3185-60363

Column outlet (QuickSwap)
Run pressure
Backflush pressure

Helium
28 kPa He using AUX EPC
150 kPa

Through elution of PCBs
Held for 5 min after PCBs

Oven temperature program A
(no backflush)

50 °C (1 min), 25 °C/min to 200 °C,
10°C/min to 330°C (10 min)

Total run time 30 min

Oven temperature program B
(with backflush)

50 °C (1 min), 25 °C/min to 200 °C,
10 °C/min to 300 °C (5 min)

Total run time 22 min

MSD Setpoints

1.5 min solvent delay

260 °C MSD transfer line

SIM/scan settings
(AutoTuned)

SIM ions 256, 258, 290, 292, 324, 326, 360,

362, 394, 396 (25 ms dwell time each)

Scan range 40-350 amu



Table 2. Sample Sequence

Run 1 Analysis of waste oil extract by GC/MS in scan/SIM mode — no backflush (oven program A)

Run 2 Blank run — no sample injection, no backflush (oven program A), same as run 1

Runs 3-5 Additional blank runs — same conditions as above (data not shown)

Run 6 Analysis of waste oil extract by GC/MS in scan/SIM mode — with backflush (oven program B)

Run? Blank run — no sample injection — same program as in runs 1-5

Results temperature ramp and MS data acquisition are

Total ion chromatograms (TICs) obtained from
GC/MS SIM mode are shown in Figure 1 (tradi-
tional bakeout with no backflush, A; with back-
flush, B). The PCBs of interest elute in the 9- to
16-min time range. The profiles obtained by both
methods are very similar in PCB resolution and
intensity. When these results are carefully scruti-
nized, little or no difference is noted. However, a
clear baseline drop is observed in chromatogram B
at 16.5 min, corresponding to the initiation of
backflush. In usual backflush methods, the oven

stopped when backflush is initiated. In Figure 1B,
oven temperature was held at 300 °C, but acquisi-
tion was left on to show the drop in baseline when
column flow reversed. In contrast to the backflush
chromatogram (B), a “hump” is observed extending
to 22 min in chromatogram A. This shows the pres-
ence of high-boiling matrix interferences in the
sample extract and demonstrates the need for
removal of these, either through a bakeout or back-
flush. By the end of the bakeout in 1B, the baseline
appears to return to the initial level, indicating
that the interferences had been removed.

Abundance
200000 ——  TIC: exp3-6.D\DATASIM.MS (*)
] ——  TIC: exp3-1.D\DATASIM.MS (*)
150000
100000
] A: Traditional bakeout
50000 —| .
] M at high temperature
0 T8 J
1 FD |
50000 | .
] B: With backflush at 300 °C
~100000 |
~150000 |
200000
-
6.00 8.00 10.00  12.00 1400  16.00  18.00  20.00  22.00  24.00  26.00  28.00
Time
Figure 1. GC/MS total ion chromatograms (TICs) obtained for the analysis of PCBs in waste mineral oil without

backflush (A) and with backflush (B)



A helpful recent enhancement of Agilent MSDs is
the ability to acquire both SIM and scan data in
the same run, termed “simultaneous SIM/Scan.”
The advantage of simultaneous SIM/Scan is that
the benefits of improved detection limits for target
compounds with SIM acquisition can be coupled
with the benefit of having full-scan data with
which to identify unknowns using a library search
or spectral interpretation. For the same analytical
runs shown in Figure 1 (based on SIM data), total
ion chromatograms from full scan data are shown
in Figure 2A (no backflush) and Figure 2B (with
backflush). The sample matrix interferents can be
even more easily seen in these chromatograms.
Since all ions in the 40 to 350 amu range are being
monitored, the considerable amounts of material
eluting after the PCBs of interest dominates the
chromatogram. In fact, in the TICs shown in
Figure 2, the low-level PCBs are not discernable
due to the dominance of the hydrocarbon back-
ground. It appears that all the interferents were
effectively removed by th