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Nanoparticle Definition and Overview

« Survey of Analytical Techniques

« ICP-MS Based Techniques — benefits and limitations of each
« Single Particle ICP-MS — important considerations

e Single Particle ICP-MS — some results

« ICP-QQQ; unsurpassed analytical capabilities
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What are nanoparticles and where do they come from?
Particles with at least one dimension in the nano-scale (1-100nm) 10-° m

Natural Sources

Produced by redox reactions, weathering, mining,
volcanos, dust storms...

Unintentionally produced NPs
Emitted to air, water and soil from combustion,
wear, metal polishing and metal working, electric
motors etc.

Engineered NPs
Synthesized for a specific purpose by design
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Uses of Engineered Nanoparticles

Consumer goods

Pharmaceuticals and Medical Resea
Semiconductor manufacturing
Foods and Food packaging
Ceramics
Superconductors
Electronics
Agriculture

Defense
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Nanoparticles in the environment - considerations

* Environmental health and safety concerns of

nanoparticles

Potential to be released into environment
May be toxic to beneficial microbes
Potential impact on aquatic species
Poorly characterized toxicity to humans

* & o o

* Analytical needs

Chemical composition

Size and size distribution
Mass/number concentration
Agglomeration state

Shape

Surface area/charge

® & 6 6 6 o o
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Methods for NP characterization

« Imaging methods (TEM, SEM, AFM) are often definitive for detection,
shape and size determination. Not quantitative nor representative.

« Spectroscopic/optical methods (UV-Vis, dynamic light scattering) simple,
but subject to interferences. No elemental information.

« Hyphenated techniques (Chromatographic (or other online) separation
coupled with ICP-MS detection). Allow representative samples, provide
good particle size resolution, high elemental sensitivity but no information
on individual particles

FFF-ICP-MS A

CE -ICP-MS - VR

HPLC-ICP-MS

-’

* Single particle ICP-MS
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Methods for NP characterization
« Single Particle - ICP-MS

Each nanoparticle gives a transient signal (a plume of ions generated from the
particle)

Use Time Resolved data acquisition and analysis

Particle concentration, particle diameter, composition and size distribution are
obtained

Signal from one nanoparticle
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Some important concepts for single nanoparticle analysis
(Dwell Time matters, determining the optimum)

- Long Dwe" Time (> 3-5mS) Signal from one particle

Single nanoparticle event o e
@ | | |
Y g_
f
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| } | |
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— = Dwell time time
Curation forone MNP event

(0.5-1msec)

Integrated signal for entire dwell time

‘c‘:reat(isf a Isig.gle intensity valtltg :‘or thali Important Considerations:

scar - Inciuding any nanoparticie peaxs « Correct dilution factor is critical to

plus background due to ionic id multiol K . N

concentration, spectral interferences and Aol AL e_ pe‘_'i SRS _

instrument background.  Background contribution to total signal
increases with increasing dwell time.

Spectrum shown at right
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Some important concepts for single nanoparticle analysis
However...as the dwell time becomes shorter, the nanoparticle signal will
begin to decrease with the background, but the potential problem with
overlapping peaks is still not solved. Correct dilution is still important.

Single nanoparticle event

LU

Duration for one MNP event
(0.5-1msec)

<lms

« Just shortening the dwell time
alone does not solve the problem
* Need a way to integrate signal
over multiple scans to:
» Accurately quantify signal
from single particle
* Help identify overlapping
peaks

Agilent Technologies




Microsecond Scanning with no Settling Time
- Short Dwell Time (<<1ms)

« Peak Integration Mode

Single nanoparticle event

<>

Duration for one NP event
(0.5-1msec)

“Peak Integration Mode” is
automatically enabled by sNP
Data Analysis software when
dwell time is <1lms
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What about very short dwell times (<100us)?

Minimum Particle Size and ionic concentration

Minimum Detectable Particle Size is limited by signal/background

Particle signal decreases as the cube of the diameter so high sensitivity is
critical to achieve good particle signal precision

« 30nm particle generates 1/8 the response of a 60nm particle
« 15nm particle generates 1/64 the response of a 60 nm particle
« Background signal doesn’t decrease with particle size

« 1 detected background count at 10us dwell time = 100,000cps! Background
precision (minimum detectable particle size and ionic concentration) are
compromised.

Particle signal precision decreases with decreasing dwell time

100pus dwell time is a good compromise between background precision and
sufficient points to define the nanoparticle peak shape (~5 -10 points/peak)

Agilent Technologies




Fast TRA on Agilent 7900 (100us dwell time, no settling
time)

Particle Size Distribution
e C @il

@ @ E Count m Specify Range Mode ﬁ; Tabulate Raw Data
PLd

Time Scan(197) : 004SM

o
x10%
15

10,000 data points per second
600,000 data points per minute

Particle Size Distribuion

e @@Ll

i 0 @@ B Count [l Specify Range Mode | Dy Tabulate Raw Data
Time Scan(157)

004SMPL.d
x10%

Raw TRA data
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Workflow for NP characterization

« Analyte response factor >

ICP-MS TRA data Response vs frequency Mass of analyte in particle
* Nebulization efficiency

(calculated from reference
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Sample 197 Au '8
Dats File Acq. Date-Time Type Sample Name Nebulization Efficiency | # of Particles | Conc. (particles/l) | Conc. (ngf) | lonic Cone. (ppb) | BED (nm) | Particle Size (nm) %
D0TIONB.d 5/13/2015 3:10:19 AM lonicBlk blank g
D02IONS 4 51312015 3:13:07 AM lonicstd | 1ppb = 504
002_RMd 5/13/2015 3:15:21 AM RM 30nm Sppt 0on 619 25E+7 50 00178 421 27
D045MPLd 5/13/2015 3:18:20 AM Sample | 60nm50ppt 0071 617 25E+7 426 00260 | 473 55
0058MPL.d 51372015 320:27 AM Sample 60nm 50ppt o0on 681 2.8E+7 5138 0.0266 476 55 |:|
008SMPL 4 511202015 3:22:35 AM Sample | 80nmS50ppt 0071 635 26E+7 428 00258 | 472 55 40 5 Bl 70 an 40
0078MPL.d 51372015 3:24:26 AM Sample 60nm 50ppt o0on 656 27E+7 504 0.0272 4380 55
00BSMPLd 51312015 3:28:22 AM Sample 50nm 50ppt 0071 649 26E+7 489 0.0240 460 55 Particle Size (nm)
009SMPL.d 5/13/2015 3:30:54 AM Sample 30nm Sppt 0071 579 23E+7 45 0.0083 323 26
D10SMPLd 511312015 3:33:20 AM Sample | 30nm Sppt 0071 520 24E+7 48 oo07e | 316 28
011SMPL.d 5/13/2015 3:37:10 AM Sample 30nm Sppt 0071 568 23E+7 45 0.0078 316 26
0128MPL.d 5/13/2015 2:39:03 AM Sample 30nm Sppt 0on b58 23E+7 45 0.0076 313 26
0135MPLd 5/13/2015 3:43:05 AM Sample | 30nm Spot 0071 500 24E+7 47 o075 | 312 25




Complex process simplified by Method Wizard

Method setup — 3 easy steps

1 — Select Analysis Mode, 2 - Click on analyte element(s), 3 — Select Reference Material
[ T s timens o et T N "
Analysis Mode _

| | Single Particle Analysis Configuration
| setect appropriste Analysis Mode. Also make the following changes to radic button selections. | | Tune Mode: | Mo Gas E Set parameters for Single Particle Analysis. |
I —— — | I
H He Sample Pump Tube ID: 102mm -
Conventional Analysis
Spectrum/TRA o - [ Sample Inlet Flow: 0.346 ml/min
pectru Li | Be B |G [N [0 (F |Ne o i
Spectrum: Conventional Mass Spectra are acquired. Response Factor Calibration Solution:
Wb Erinaalan = Vil Gt Prime e, L) Ha | Me al |51 [P |5 |Gl |Ar Tonic Standard Concentration at 107 amu:  1.000 ppb
Nanoparticle - - Reference Material: NIST RM 8012 ~|
. K |Ga |Sc |Ti (¥ |Gr |[Mn|Fe Go (Ni (Cu |Zn |Ga |Ge |As |Se |Br |Kr
@ Single Particle Analysis Reference Element Mass: 197 amu
Sl =G R D IO T =R ARmEE Rb |Sr |Y |Zr (Nb |Mo [Tc |Ru |Rh |Pd |Ae (Gd [In |Sn |Sb |Te |I |Xe Mean Reference Particle Diameter: 27 nm
Multiple Isotopes within Single Particle — 1 = Reference Material Density: 1932 g/em?
2 isa ithin a single particl ired using fast TRA mod Gs | Ba I_ Ht ([Ta |W |Re (Os |[IF [Pt |Au (He [TI |[Pb |Bi |Po |[At |Rn
isotopes within a single particle are acquired using fas mode. EEE e TS 5.0 ng/l
FFF Fr | Ra ‘ Unknown Sample:
Particles are acquired using Field-Flow Fractionation. Target Element Mass: 107 amu
I_ La |Ce [Pr |Nd |Pm |[Sm |Eu |Gd |Th |Dy |Ho |Er |Tm |Yb |Lu g .
Analyte Mass Fraction: 1.000
oo Ac [Th [Pa [U [Np [Pu [Am|Gm Bk [t [Es [Fm [Md [N [Lr Particle Density: 1050 glem’?
tch Cancal ey Back [ [ cancal

After sample sequence analysis, Data Analysis is automatically performed. No
additional user input is required.
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Precision and Accuracy (NIST 8012 and 8013)

Batch Table - Single Parficle o x|
i Sample: 4 dF | Sample Type: <All> ~ | Analyte: 197 Au -
ﬂ E E Default Columns
Sample | 197 Au | T‘
% | Rjct Data File Acq. Date- - : —
i = | oonons 0T 3107 Sample Observed Observed Observed : :
D | oomonss Lol : : . Reference Particle Size
B 01 o03_Rma 51320153152 (Prepared Concentration | Concentration | Particle Size :
4 [T | ooasmpLd 5/13/2015 3:18: . . Obta |ned by TEM (I‘Im)
5 B | oossmpLa smsand  CONCeNtration) | (particles/L) (ng/L) (nm)
6 [C] | nossmPLd 51312015 3:22:
7 [C] | novsmPLd 51312015 3:24-2
8 [C] | noasmPLd 51312015 3:28-2 N I ST 801 3 7
9 [ | pogsmPL 4 51372015 3:30:5 1
0 [C] | n1osmPLd 51312015 3:33:2 N0m|na| Bonm 262 X 1 0 1 03 55 560 i 05
1 [ | o118MPLd 51372015 3:37:1 (1 00 ng/l_)
12 [ | p12smPLd 5/13/2015 3:39+
13 [ | 013sMPLd 511312015 3:43:
14 [C] | D09SMPL_150514-demo D | 5/13/2015 11:32 N I ST 801 2
Particle Size Distribution

A HmEEn

ount i eci nge e abulate
G e S Range Mod Dy Tabulate R

Time Scan(197) : 00SSMPL.d

Nominal 30nm
(10 ng/L)

234 x 10"

10.5

28

27.6 £ 2.1

x108

Relative Standard Deviation (%) n =5

" # of Particles Conc. Conc. (ng/l)  lonic Conc. BED (nm) Particle Size
(particles/l) (ppb) (nm)
60nm particles (50ppt) 3.7% 3.7% 2.8% 4.7% 1.6% 0.1%
3 30nm particles (30ppt) 3.3% 3.3% 3.1% 2.0% 0.7% 0.4%
&
z NEPUIEE aL 130 Gt e | L
= Ionic Standard Concentration: 1.000| ppb
Reference Material
Reference Elernent Mass: 197 amu =
Mean Reference Particle Diameter: 27 nm
-0 0 i N R ¢ 1000000 2000000 Reference Material Density: 1932 gfem?
Time (sec) Particle Size (nm) Signal (CPS) Concentration of Reference Material: 50| ng/l >
30nm 5ppt 187 Au 15 Samples (15 total)
N DI0(




Analyzing mixtures of different particle sizes

. Fartice Size Distr bution (Sample) - GOTSMFLD Particle Size Distribution (Sample) : 035N+ |
=1
6 A 5000000 50nm B o . A w100 B
_ 4000000 ' ? E’ I
2 - |”5 g ol 30
o 4 2 || 4 -
= & 3000000 B i ! 7 _
= T:’ * I| [ ’7 . ) 2 0 ”_I '
[ E 2000000 ) 0 ] - 5 0 & 20 ] an 50 60
24 [ |I Particls Sizs (na) Particle Size (nm)
1000000 'i:.”ﬂﬂm—f_'.i Farticle Size Distribution (Sample) - D075 Farticle Size Distribution (Sample) : (055K |
0 J | il 1l 0 M " -
2fo 2le 22 28331 28332 28333 2833 2833 E C E D
Time (Sec) Time (Sec) £ =
. . . . . . 'E 50 E 50
Fig. 2 Nanoparticle events acquired using fast time resolved analysis E w T 2 ﬁd A
mode with 0.1 ms dwell time. A — wide scale. B—Zoomed in 30 nm 2L 1ﬂ he 2 L b
d 60 nm Au NPs 340 50 60 70 80 70 g0 90 100 1lo 120 130
an " Particle Sze (nm) Particle Sze (nm)
Particle Size Distribution (Sample) : 01035MPLd
Observed Observed Pr::taarled 1004
Sample concentration | concentration . Recovery E
(particles/L) (na/L) concentration E
(ng/L) £
E 50
60nm (NIST 8013) 50 ng/L E Al
+ 4.78 x107 57.6 55 105% “ Fﬂl .
30nm (NIST 8012) 5 ng/L B I T
Particle Size (nm)
SOnm (NIST8013) B0no/L) - o 107 86.1 ” 105% Fig. 6 Size distribution results of Ag NPs. A —20 nm. B — 40 nm.
300m (NIST 8012) 2 /L ' ' C-60nm, D - 100 nm, E - mixture of 20, 40, 60, 100nm.

M. Yamanaka et al, European Winter Plasma Conference Poster, 2015
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sNP Analysis

» It has been proven that both Au and Ag sNP can easily be analyzed

What about more relevant and complex sNP analyses of analytes that are
routinely used around us

« TiO, and SiO, particles are widely used in many industries

SiO, : food additives, plastics, adhesives, electronics, paints, etc.
TiO, : paints, food colorants, cosmetics, pharmaceuticals, photocatalysts, etc.

« Some include nanoparticles (NPs)

For example, recent research indicated that in E551 (SiO, food additive) at least part of
the SiO, is in the nano-size range

« Siand Ti are difficult to measure at trace levels in complex
matrices by conventional ICP-MS

A Rapid, accurate, sensitive technique for characterizing and
quantifying smaller TiO, and SiO, NPs is necessary

Agilent Technologies




Challenge of Si or Ti Measurement by Conventional
Single Quadrupole ICP-MS

e |Interferences

« Siisinterfered by C and N matrices
« Tiis interfered by P, S, Ca, Si and C matrices

These matrices make the SiO, or TiO, NPs analysis in real samples difficult

« 4TI (74% abundance) cannot be used due to the “8Ca
Isobaric interference

Less interfered #°Ti (5.4% abundance) has less sensitivity resulting in
limited smaller particle detection

= |[CP-QQQ can solve these problems

4.2 Agilent Technologies




ICP-QQQ technique for Si (on mass method)

ICP-QQQ uses two quadrupoles separated by a collision/reaction cell

H, gas
NNH* COH*
1AN 14N+ L 1,4 / \
201007 il e P vl — o
285i+ B m— i Wt s SR R : : - - > Gj

RPN

" Q1 'l Q2
' i 28 amu

- Lt
LA N,* +H, — N,H*+H

W CO* + H, — COH* + H

[ = wewemee S+ H, — No Reaction
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sNP in Powdered Donuts???

B [ Agilent INTERNABUSEISNIVEL] [ Single PAFCIEIMBEE ] OFIREICP-MS Data Analjis - Tio2 First Run Various batch 1; A1 B T F=0' | X

File Edit View Process DA Method Report Tools Help

a

W Ll ke - 22 @ H.

Batch Method Report Layout Tools Settings Help
Batch Table : Single Particle C
Sample: ‘ﬁ} G Sample Type:| <All> v|| Analyte: 48 -> 64 Ti -
P R B AR Default Columns
Sample 48->64 Ti

% | Rjet Data File Acg. Date-Time Type Sample Name MNebulization Efficiency | # of Particles | Conc. (particlesdl} | Conc. (ng/l} | lonic Conc. (ppb)
30 ] 030SMPL_Tio2 First Run Various Samples.D | 1214/2016 11:12:16 PM Sample Sample #8 Splenda 0130 637 1.4E+7 2649 0.0128
3 = 031SMPL_Tio2 First Run Various Samples.D | 12M14/2016 11:16:59 PM Sample Blank 0130 11 25E+5 0.0 <0.0000
32 [] | 0328MPL_TiaZ First Run Various Samples.D | 12/14/2016 11:21:42 PM Sample Ti 15 ppt NP 0.130 6147 14E+8 41 0.0125
33 ] 033SMPL_Tio2 First Run Various Samples.D | 121142016 11:26:25 PM Sample blank 0130 23 51E+5 0.0 =0.0000
34 ) [ 0345MPL_Tio2 First Run Various Samples.D | 12142016 11:31:04 PM Sample Sample #4 Powdered Sugar 2x Dilution 0.130 10578 24E+8 -I:I:E 0.0187
J4 i | )
Particle Size Distribution 0O X ||Single Particle Method Editor C
C O O (@@= s C o O 2] l= 8
| BLl Count ass Specify Range Mode Oy Tabulate Raw Data Q Process Batch
Full Time Range EIC(48 -= 64) : 034SMPL_Tic2 First Run Various Samples.D Particle Size Distribution(Sample) : 0345M._.. Signal Distribution .

Peak Response Calculation
10000000 . Peak Integraticn Mode

1000000 g 100 e0 S

100000 g & Particle Size Distribution
P 10000 < 5 40
& = g L . - |
& 1000 I 50 g ® [C] Analyze within Specified Particle Det

[
100 E Particle Detection Threshold:
10 = 0
dbi
? 100 200 20000000 40000000 60000000 20000000 100000000 | Instrument Setting
Time (sec) Particle Size (nm) Signal (CPS) SampiRiniet

Sample #4 Powdered Sugar 2x Dilution 48->64 Ti 34 Samples (24 total)




ICP-QQQ technique for Ti (mass shift method)

SO* + O, — No Reaction

SiO* + O, — No Reaction Ca"*+ 0, —» CaO*+ 0O
POH* — PO* + H (collision) CaO* + H, —» CaOH* + H
CO,*+ 0, —» CO, + O,*

Ti*+ 0, — TiO* + O

O, + H, gas SO, Sio*, PO*, CO,*

l / CaOH"

32g16()+ 1 g
30Gj180)+ ) o B T — e — Ty, —13 (.
' T2 = | I I e T e e | [ _48Tj16+
31|:)160H+ o s oo odlnsem mEm - : — - >
1 - | o

12C16OZ+
48Ti+
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ICP-QQQ technique for Ti (mass shift method)

SO*, Sio*
PO*, CO,*

N | | 021"'2 gas  CaoH*

i

32g16()+ T " g
gy N [ e e (o B
08i*80 dimy N | PlaimiTia—a el 48TjL60*
31P160H+ ", mw S Agilent Technologies
12C160
48Ca
48Ti+
d s e
SO* + O, — No Reaction Ca* + O, —» CaO* + O (problem) Ti* + 0, — TiO* + O

SiO* + O, — No Reaction
POH* — PO* + H (collision)

CaO* + H, —» CaOH* + H (solved)
C02+ + OZ — COZ + 02+
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Experiments

Reference Materials and Samples
SiO, : nanoComposix, nominal 50, 60, 100, 200 nm

TiO, : US research nanomaterials, Rutile and Anatase (common mineral forms of TiO,),
nominal 30-50 nm
Sunscreen purchased from a local store
Sample Preparation
SiO, : diluted with DI water or 1% ethanol
TiO, : [intermediates] diluted with 1% Triton X-100
[working solutions] diluted with DI water, tap water or matrix mixture including
100ppm P, 100ppm S, 50ppm Ca, 50ppm Si and 0.1% ethanol

ICP-QQQ Conditions

Standard quartz sample introduction system, normal hot plasma condition
Dwell time : 0.1 ms

Sio, H, 2~3 mL/min
TiO, Ti O, 0.1 mL/min + H, 5 mL/min 48 64

%% Agilent Technologies



SiO, NP signals H, MS/MS mode

x10 8
?
DI water ¢ 3 500
O s
[
v L
T T T R — ; ‘ ‘
3670 3672 a6.74 500000 1000000 1500000
Signal (CPS)
x108
>
2 g 200
50 nm & H M
[
n . , , |1 | |
2544 2546 2548 500000 1000000 1500000
Signal (CPS)
=108 . 100
0 e
o
e Il
w
0 r - : : 0 mﬂlm H\ \”lmuilmwmmmuumwumu B ‘
2298 23m 2304 23.07 500000 1000000 1500000
Sienal (CPS)
%108
0 ‘:’
100 nm <
o N | | 9 il
w
0 : , : , e mulm ”\“h bty o o1
2980 2985 2990 2995 © T io00000 2000000 3000000 4000000 5000000
Signal (CPS)
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o
el | | |
w
]
| I I I | " n\HMMHHHHMHHH HHHH‘HHW T
26.88 2692 26896 2700 5000000 10000000 15000000 20000000
Time (sec) Signal (CPS)
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Si0, nanoparticle reference material results

Nominal | Median Most Mean
S0nNm 3 % mm size size |Freq. Size| Size Dlameter @
bk om) | om) | m) [ (@m) | (m)

Normalized Fi

50 49 50 49  463+3.1
60 59 58 60 57.8%435 22
60 nm J Tﬂmﬁ 100 99 100 100 97.0+48 25
o - “ 200 199 204 199 1985+105 25

Particle Size (nm)

(1) values supplied by nanoComposix
10? (2) Background equivalent diameter ~ size detection

100 nm limit — most likely limited by dissolved Si.

Normalized Fr---

ﬁ{ ‘ hﬁﬂﬁm_

50 100 150 200

Particle Size (nm) ‘

200 nm 3 J

Normalized Fr-++

] wﬂﬂ%ﬂwﬁ,

50 100 150

Particle Size (nm)
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Si0,in 1% Ethanol ~~ tewsweme

Real samples sometimes contain carbon matrices that cause a
CO interference on Si

ICP-QQQ can resolve CO interference problem

—_—

=

[
1

[ |
|

Mormalized Frequency

il 100 150 a1l a6

Particle Size (nm)

Particle Distribution of 100 nm + 200 nm SiO, NPs in 1% Ethanol
BED: 32 nm
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ICP-QQQ technique for Ti (mass shift method)

SO* + O, — No Reaction

SiO* + O, — No Reaction Ca"*+ 0, —» CaO*+ 0O
POH* — PO* + H (collision) CaO* + H, —» CaOH* + H
CO,*+ 0, —» CO, + O,*

Ti*+ 0, — TiO* + O

O, + H, gas SO, Sio*, PO*, CO,*

l / CaOH"

32g16()+ 1 g
30Gj180)+ ) o B T — e — Ty, —13 (.
' T2 = | I I e T e e | [ _48Tj16+
31|:)160H+ o s oo odlnsem mEm - : — - >
1 - | o

12C16OZ+
48Ti+
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TiO, analysis - Interference Removal by O,-H, Mode

Determining interferences in ionic matrix solutions

Quantitative result as Ti (ppb)

Sensitivity o S
(cps/ppb) Ca Si Ethanol | Matrix
100 100 :
50 ppm | 50 ppm | 0.1% mixture
ppm ppm
1.7 6.0 225 0.39 0.14 261

Nogas 155000 0.016

O, + H, 79000 0.001 0.010 0.001 0.18 0.054 0.001 0.023

No gas : Single Quad mode, Q2=48
O, + H, : MS/MS mode, Q1=48, Q2=64

Advantage of O, + H, mode

« Can use the most abundant isotope of Ti (mass 48, 73.7% relative
abundance) for highest sensitivity
« Can remove almost all interferences including “Ca

%% Agilent Technologies




TiO, NP Samples Oz Mz MS/MS mode

Size Distribution

304 - > 100
2
]
9 g
- C S
Rutile g - «  Strongly aggregated
£ % « Mean size : 200 nm
£
S
100000 1000000 10000000 100000000 ain 400
Signal (CPS) Particle Size (nm)
2 1004 -
3 .
100 = il « Many small particles
g - ] Mean size : 32 nm
Anatase g 2 _
g %0 = « Nominal reference
- S size: 30-50nm
I:I' I:I_I T T T T T T T
10000 100000 1000000 m 20 30 40 &0 &0 7O
Signal (CPS) Particle Size (nm)
é‘ 1004
10 g « Mean size : 90 nm
2 g : L
£ 8 « Appropriate to further
©
£ ‘ Hh" experiments
| Z gl | | |||||I|I||I|| e

0d
10000 100000 1000000 10000000 100000000
Signal (CPS) Particle Size (nm)
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TiO, NPs in Matrix Samples

Sunscreen
in DI water

Sunscreen
in tap water

Sunscreen

In matrix mixture
(100ppm S & P,
50ppm Ca & Si,
0.1% ethanol)

Frequency

Frequency

Frequency

oL
10000

Signal Distribution

100000 1000000 10000000 100000000 1000000000

Signal (GPS)

od L
1odon

od] Ll
1odon

o000

1000000 10000000 100000000 1000000000

Signal (GPS)

1naooon 1na0onn 10000000 100000000 1000000000

Signal (CP3)

Mormalized Frequency
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Mormalized Frequency
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o
=
N
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o
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L
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o
=
L

Size Distribution

Particle Size (hm)
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O,-H, MS/MS mode

Mean size : 77 nm
BED : 16 nm

Mean size : 79 nm
BED : 10 nm

Mean size : 84 nm
BED : 22 nm




Q&A Session

Your questions...
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