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• At Watersthere are timesthatwe willperformanalysesof customer
samplesin orderto showthefeasibilityof the analysis. Manytimes
thesesamplescontainadditionalconstituentsbeyondthe intended
analytes. Thistalkwillfocuson the analysisof anionicspeciesthatwere
presentin an aqueousextractof an immiscibleorganicmonomerandthe
use oforthogonaltechniquesto gaininformationon one of these
constituents.



Overview of Analytical Techniques
Employed

• IonChromatographywithDirectConductivityDetection
(no chemical suppression)

• Ion Chromatographywith Direct Conductivity Detection
after Chemical Suppression

• IonChromatographywith DirectConductivityand
PhotodiodeArrayDetectionafter ChemicalSuppression

• Capillary IonAnalysis(CIA)with IndirectUV Detection

Waters

• A number of instrumental components were used to analyze these
samples. The samples were first analyzed by Ion Chromatography (IC)
with direct conductivity detection. An AIItech packed-bed suppressor
was then added to the system, the ion exchange column and eluent
changed and the samples re-run using conductivity detection after
chemical suppression. The addition of Waters Photodiode Array (PDA)
detector gave the capability of performing spectral analysis of
UV-absorbingspecies. This will be discussed later. The orthogonal
technique of Capillary Ion Analysis (CIA) provides a separation
technology with different selectivity that aids in further confirmation of
analyte identity.



Analytical Equipment Used
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• This is a diagrammatic representation of the equipment used. All
equipment was from Waters with the exception of the AIItech Model 335
Suppressor Module. A personal computer with Waters Millennium 2010
Chromatography Managersoftware was used for all data collection as
well as control of the Waters CIA'instrument and the PDA detector.



Seven Anion Standard
Borate Gluconate Eluent

Column: Wamrs IC-PakAnion HC
Buent: Bomto/Gluconate

1.40. Row rate: 2.0 mlJmin
, Injectionvol.: 100 pL

Oelsctlon: DirectConductivity

2

1. Ruomle 1ppm
1.05.

4 3. Nitrito 4 ppmuS

6 7 4. Bro_idl) 4 ppm
5. Nilra_ 4 ppm
6. Phosphate 6 ppm

L 7. SullaW 4 ppm
0.70

0.00 5.00 10.00 15.00 20.00 25.00
Mnutlm

Waters

• This is a chromatogram of seven inorganic anions typically analyzed
using IC. The levels, as seen in the slide, are in the low ppm (mg/L)
range. This is IC without the use of chemical suppression and the eluent
used is borate/gluconate.



Conductivity Detection of
Aqueous Extract of Monomer

Column: Waters IC-PakAnionHC
Buent: BoraWlGluconaiD
Rowrate: 2.0 mL/min

Injectionvol.: 100pL
1.15 Dolectk)n: DirectConductivity Sample#I

I. Fluoride 56 ppb
2. -.......

2 3. Chloride 190ppb

0.95 _ 4. Nitra_ 129ppb

US 1_ 5. Sulfat8 868 ppb

3 5

4 _

0.00 " " 5.00 - - - 10:00 15.00 20:00 25.00

M_m Waters

• There were a number of samples analyzed, but I will focus on only two,
sample #1 and sample #5. In all cases, the monomer, which was
immisciblewith water, was extracted with and aliquot of 18 Megohm
water by shaking. The lower layer was removed, filtered (0.45 urn) and
then injected. Low levels of fluoride,chloride, nitrate and sulfate are
seen, but this work will focus on peak #2, which under these conditions
was originallythought to be carbonate due to the adsorption of
atmosphericcarbon dioxide.



Direct IC Analysis of Aqueous
Extract of Immiscible Monomer

l1 Column: Waters IC-PakAnion HC

E]uent: Borate/GluconaW
1.15 Row rate: 2.0mlJmin

Injectionvol.: 100 pL
Detection: DirectConductivity

0J_5 2 Sample #5

uS _ 1. Ruoride 67 ppb

3 s 2.- .........
3. Chloride 123 ppb

0.75 4. Nitrate 143 ppb
5. Sulfate 569 ppb

0.55

0.00 S.00 10.00 15.00 2O.OO 2S.00

Mnu_ Waters

• Sample #5 showsa very similar profile to that of sample #1, with low
levels of fluoride, chloride, nitrate and sulfate. Again peak #2 is
prevalent. The region between peaks #1 and #3 is an area in which
carbonate and short-chain organic acids such as acetate and formate
elute. Complex organic acids, such as humic and fulvic acids which are
found in some environmental samples, also may appear in this area.
The small unlabeled peak between #1 and #2 is suspected to be
acetate. Although this was not confirmed by spiking the sample with
acetate, acetate was seen in the same sample analyzed using CIA.



SevenAnion StandardAnalyzedUsing
ChemicalSuppression

Column: Waters IC-PakAnion HR
Buent: 1.2 mM SodiumCarbonate/

1.2 mM SodiumBcarbonatQ
Flowrote: 1.0 mL/min
Injectionvol.: 50 pL

1.60 2 DetBction: DirectConcluc_vityafter
3 Suppression 1. Ruodde 1 ppm

2. Chloride 2 ppm
1.,20 3. Nitri_ 4 ppm

4 4. Bromide 4 ppm

0.80 7 6. Phosphat9 6 ppm
uS 6 7. Sulfate 4 ppm

0.40 A

o=r-..3.I .............
0.00 4.00 8.00 12.00 18.00 20.00 24.00

M_ Waters

* The instrumentalconfigurationused to produce this chromatogram was
the secondconfigurationshownearlier. The analyticalcolumnwas
changedto an IC-PakA HR (HighResolution)andthe eluentchangedto
1.2 mM sodiumcarbonate/1.2mM sodiumbicarbonate.Thiseluent,
uponpassagethroughthe packed-bedsuppressorbecomesconverted
to carbonicacid, whichsignificantlyreducesthe background
conductivity.Note alsothatthe resolutionbetweenthe peaks is different
withthiscolumn/eluentcombinationthanthat seen earlier.



Monomer Extract - Conductivity
Detection after Chemical Suppression

Column: Waters IC-Pak Anion HR
Buent: 1.2mM Sodium Carbonate/

2 1.2mM SodiumBicarbonate
Rowram: 1.0mL/min

Injectionvol.: 50pL
1.00 []election: DirectConductivityafter Sample#1

Suppression 1. Ruoride 50 ppb

uS 2.- .......
3. Chloride 157ppb

0.50 4. Nitrite 23 ppb
5. Nitrate 132 ppb
6. Sulfate 675 ppb

3 6

0.00-"3/Y ' ^" _
0.00 4.00 8.00 12.00 16.00 20.00 24.00

Mnutes
Waters

• This isthe chromatogramobtainedfor sample #1 using suppressed IC
and conductivitydetection. Notethatpeak #2 is stillpresent. Originally
thispeak was thoughtto be carbonate,but it is notbecauseit toowould
be suppressedif itwere, and notbe conductive.Peak #2 is stillvery
prevalentwhichsuggeststhatit is nota weak acidasveryweak acids
are suppressedthemselvesundertheseconditions,to some degree.
The profileseen here is similarto thatseen usingborate/gluconatewith
the exceptionthat a smallamountof nitriteis seen. This is due the
combinationof the HR columnandthe use of suppression.



Monomer Extract - Conductivity
Detection after Chemical Suppression

Column: Waters IC-PakAnionHR
Eluent: 1.2mM SodiumCarbonate/

1.2mM SodiumBicarbonate

2 Row rate: 1.0mL/mln
1.00 Injectionvol.: 50 IJL Sample#5

Detection: DirectConductivityafter 1. Fluoride 61 ppb
'i Suppression 2. -........

0.50,_" 3. Chloride 117ppb4. Nitrite 17ppb
uS J 5. Nitra/s 201 ppO

6. Sullate 516 ppb

0.00._ _L.._ _
2.00 6.00 10.00 14.00 18.00 22.00

Mnutu

Waters

• The chromatogramfor sample #5 analyzed by suppressed IC is also
similarto thatseen earlier. A smallamountof nitriteis present,aswas
seen for sample#1 inthe previousslide.One of the disadvantagesof
usinga suppressorof anytype isthe possibilityof the formationof a
"systempeak". It is characteristicof an eluent/suppressorcombination
and hereappearscloseto the nitritepeak. Thiscan leadto variabilityin
the quantitationof the nitritepeak. Peak #2 isstillvery apparent. The
non-resolvedpeak on the leadingedge of peak #2 is probablyacetate.
Recallthatthiswas completelyresolvedwiththe HighCapacity(HC)
columnand borate/gluconateeluent.



Conductivity and UV Detection in Series
1.w_ 1 2

1.20,
Column: Waters IC-Pak Anion HR

o_o_ 7 Bu_t: 1.2 mM Sodium Carbonate/

uso.4o,' 6 A 1.2 mM Sodium Bicarbonate
I_ Flow rate: 1.0 mL/min

o.oo, Injec'donvol.: 50 pL

0.00 4._ I1.00 12.00 16.00 20.00 2¢00
MkUIN

I. Ruoride I ppm
o.o_o 2. Chloride 2 ppm

o._o, 5 3. Nitdie 4 ppm

e_o_o, Detection: UV(PDA)at214nm 4. Bromide 4ppm
, 5. Nitrate 4 ppm

AUo.om, 6. Phosphate 6 ppm
' 7. Sulfate 4 ppm

0.010'

om , Waters
o_e _o 0_ 1zoo _e.oo =o.oo =,Loo

M_UtN

• The most common detector used in IC is conductivity. The use of a
UVNis detector is not usually considered however, there are a variety of
inorganic species which absorb in additionto those seen here. Also, a
number of short-chain organic species absorb in the Iow-UV range. The
use of a PDA detector for the analysis of these species gives useful
additional informationsuch as the spectral characteristics of a separated
species. Spectral matching with user-generated libraries affords an
additional degree of confirmation. In this work the range of 200 - 300 nm
was collected. What is seen as the lower chromatogram is an extraction
of the 214 nm wavelength from the collected range.



Monomer Extract #1 - Photodiode Array
214 nm Extracted Wavelength

Column: Waters IC-Pak AnionHR
E]uent: 1.2mM SodiumCarbonate/

1.2mM SodiumBicarbonate
Flowrate: 1.0mlJmin

Injectionvol.: 501JL
De_ction: UV (PDA) at 214 nrn

Sample#1

3 2. Nitdte0
3. Nitrate

0.00 4.00 8.00 12.00 16.00 20.00 24.00

Mnum Waters

• Here is an extracted wavelength (214 nm) for sample #1. Peaks #2 and
#3 correspond to the chromatographic peaks seen with suppressed
conductivity. Peak #1 however, doesn't correspond to either acetate or
formate which elute in this region as was mentioned previously. The
relatively large amount of noise in the baseline is most likely due to
organic co-extractants from this or previous injections that are slowly
"bleeding" off the polymeric backbone of this column, since there is no
organic constituent in the mobile phase. Such an organic would tend to
prevent non-specific adsorption.



Monomer Extract #1 - Conductivity
Column: Waters IC-Pak AnionHC
Buent: BoralolGluconalo
Flowrate: 2.0 mlJmin

Injectionvol.: 100 pL

1.is Demction: DirectConductivity Sample # 1

1. Fluoride 56 ppb
2. - ........

2 3. Chloride 190ppb
4. Nitrale 129ppb

uS 5. Sulfate 868 ppb
3 5

4 .....

o.__, ................
o.oo s.oo _o.oo _5.oo 2o.oo 2s.oo

Mnu_, Waters

• Here again is the chromatogram using Waters IC-Pak A HC column and
conductivity detection. The "unknown" seen as peak #1 in the 214 nm
trace, corresponds to peak #2 here. The very small peak between #1
and #2 is acetate. It did not appear in the UV trace due to the very low
levels present as well as the relatively high UV background.



Monomer Extract #5 - Photodiode Array
214 nm Extracted Wavelength

Column: Waters IC-PakAnion HR
Eluent: 1,2 mM SodiumCarbonate/

1.2 mM SodiumBicatbonaw
Flowrate: 1.0 mL/mln

Injectionvol.: 50pL
I:)ellc_on: UV (PDA) at 214 nm

3 1. Unknown
0 2. Nitrite

3. Nitrate

0.00 4.00 8.00 12.00 16.00 20.00 24.00
Mnu.. Waters

• A similarextractedUV chromatogram is seen for sample #5. Peak #1
corresponds to.......



MonomerExtract#5 - Conductivity

Column: Waters IC-Pak Anion HC

1.15 Row roW: 2.0 mL_in
Injection vol.: 100 pL

Detection: Direct Conductivity Sample #5

0.95 1 2 1. Ruoride 67 ppb

uS 3 5 3. Chloride 123 ppb
. 4 4. Nitrate 143 ppb

0 5. Sulfate 569 ppb

0

0.00 5.00 10.00 15.00 20.00 25.00
Mnutes

Waters

• .........peak #2 in this chromatogram.



Capillary Ion Analysis

CIA is a CE technique optimized for the rapid
analysis of highly mobile small molecular
weight ions
• .,,_ is basedon the mobility of the analyte in the

electrolyte
• Soeedof the analysis is optimized by ensuring the EOF

direction is alwaystowards the detector
• Sensitiv_ detection is based predominatelyon the

indirect UV principal

Waters

• The sampleswere also analyzed by the orthogonal technique of
Capillary Ion Analysis (CIA).

• Read slide
• Electro-osmotic flow or Endo-osmotic flow = EOF This is the bulk

movement of electrolyte that occurs when voltage is applied.



Capillary Electrophoresis
System Schematic

30 KV

I I II

detector

capillary I I

electrolyte electrolyte Waters

• This is a general schematic of a capillary electrophoresis system. The
Waters CIA instrument uses a negative power supply for the analysis of
anions which is capable of generating voltages up to 30,000 volts.



Capillary Ion Analysis

Cathode ANODE

Injection Side Detection Side
Waters

• An Osmotic Flow Modifier (OFM) is used in the electrolyte to ensure
anodic osmotic flow. Under these conditions, anions migrate when
voltage is applied toward the anode and move ahead of (faster than) the
EOF. Neutral compounds migrate at the same rate and direction as the
EOF while positively charged compounds move opposite to the EOF
direction and toward the cathode.



Capillary Ion Analysis

Waters

• A UV-absorbing anionic species, chromate, is in the electrolyte. The
principle of indirect (or vacancy) UV detection is used because the
majority of inorganic species are not UV-absorbers. An analyte anion
displaces the chromate anion which results in a "lack" of UV-absorber
which appears as a negative peak. The polarity of the signal is reversed
to give a positive peak as an output.



Capillary Ion Analysis (CIA)
of 7 Anion Standard

C_pil_J: 7S pm x60 cm
E]ectmly_: 4 mM Chromate/

0.3 mM OFM-BT

3 Voltage: -15 KV

2.40 4 Injection: 30 sec, hydrostatic
Demcbon: IndirectUV, 254 nm

1_0 7 1. Bromide 4 ppm

2. Chlodde 2 ppm

3. Sulfate 4 ppm

my 1.20 _ 4. Nitrite 4ppm

0_0 _ 5. Nitrate 4 ppm

..... _ _._._ 6. Ruoride 1ppm

7. Phosphate 6ppm-0.00

-0.80 ....
3.40 3.80 4.20 4.60 5`00 5.40 5.80

Mnutm
Waters

• The seven anionstandard shownearlier by non-suppressed and
suppressed IC is shown here using Waters CIA. Note that the selectivity
is quite different than that seen by IC. The elution order for IC shown
earlier is fluoride, chloride, nitrate, bromide, nitrate, phosphate and
sulfate.



7 Anion Standard + Formate and
Acetate

Capilary: 75 pm x 60 cm
Bectmlyte: 4 mM Chromate/

0.3 mM OFM-BT 1. Bromide S ppm
Voltage: -15 KV 2. Chlodde 2 ppm
Injection: 30 sec, hydrostatic 3. Sulfate 4 ppm

3 Detection: IndirectUV, 254 nm 4. Nitrite 4 ppm
4 5. Nitrate 4 ppm

1_ I-[ 10 7. Formate 4 ppm

8. Phosphate 4 ppm
9. Carbonate ........

10. Acetate 4 ppm

• "" n 1_ n I
-- i II

4.50 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00
Mnute=

Waters

• The twocommonshort-chainorganicacids, formate and acetate, were
combinedwiththe othersevenanionsto showwhere theyappearin the
pherogram. Formatemigratesbetweenfluorideand phosphatewhile
acetatemigrateslater,aftercarbonate. The carbonatewas notaddedto
the standardbutwas presentdue to the adsorptionof atmospheric
carbondioxide.



Anion Standard (no Phosphate)
+ Formate and Acetate

Caldlary: 75pm x60 cm
Bectrolyte: 4 mM Chromate/

0.3 mM OFM-BT 1. Bromide 5 ppm

Voltage: -15 KV 2. Chloride 2 ppm
Injec_on: 30se¢, hydrostatic 3. Sulfate 4 ppm

3 4 Detaction: IndirectUV,254 nm 4. Nitrite 4 ppm5. Nitrate 4 ppm

5 6. Fluoride 1ppm

1.0o 6 8. Carbonat8 ........
mV 9. Acetate 4 ppm

..... • |l

4.00 4.50 5.00 5.50 6.00 6.50 7.00
MnutN

Waters

• Since by IC neither sample #1 nor sample #5 contained phosphate,
another standard including the organic acids but without phosphate was
prepared. The resulting separation is shown here.



ClA of Monomer Extract #1
Capilary: 75 IJmx 60 cm
Electrolyte:4 mM Chromate/

0.3 mM OFM-BT

Voltage: -15 KV
Injection: 30 sec, hydrostatic
Detection: IndirectUV,254 nm

Sample#1
3.6o

1. Chlodde
7

3.40 2. Sullate
2 3. Nitrite

3.2O L i8 4. Nitrate
my _ _ 5. Unknown

3.00 _L 6. Ruoride

7. Carbonate

2"80i =_ _ 8. Acetate
2.601 :_,i_
2.40'

3.60 4.00 4.40 4.80 5.20 5.60 6.00
M_== Waters

• When sample #1 was analyzed there was goodcorrelation between CIA
and IC for the compoundspresent. Acetatewas seen as a smallpeak in
the borate/gluconateIC separationaswell as here inthe CIA
pherogram.A smallamountof nitriteisseen hereas was seen inthe
suppressedseparation.

• Note however,peak #5 thatwas seen in bothsuppressedand
non-suppressedIC chromatograms.ByCIA itmigratesbefore fluoride,
notafteras does formate. Inthisregionit iscommonthat multi-valent,
relativelylargerorganicacidssuchas citrateor tartrateappear.



Monomer Extract #1 - Photodiode Array
214 nm Extracted Wavelength

Column: Waters IC-Pak Anion HR
Buent: 1.2 mM SodiumCarbonate/

1.2 mM SodiumBicarbonate
FlowraW: 1.0 mL/min

Injectionvol.: 50 pL
Detection: UV (PDA) at 214 nm

Sample#1

3 2. Nitdte
0 3. Nitrate

1 2

0,00 4.00 e,oo 12.00 16.00 20.00 24.00

Mnut_ Waters

• This isthe extractedwavelengthfrom PDA that was seen earlier.
"Unknown"peak#5 seen by CIA inthe lastslidecorrespondsto peak #1
here. Peak#2 is nitriteand#3 isnitrate. We willuse the powerof the
PDAsoftwareto helpconfirmthe identitiesof each of these peaks.



Spectrum
Review

of Monomer
Extract

mi_i _:_ii_ii!_i!i_iiiiiiiiiiiiiiiiiii!!_i_................................................................................................._i_ Sample#1

::: :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: :
.... :. _..-<--x-- ->.-.,..-,<.4.................. :,.:..:.:.:.x.>:.:.:.:.:.:....:.:.>•-t.:.:.:.:,::::::::::::::::::::::::::::-:::::::::::::::::::::::::::::::::: :::: ..... :: :
:_.: • .:_->:..:.>-5-.5_.::.-_.e,.k:._..:.:-:-:.:-:.:.:.:.:.:-:.:-:.:.:-:-:-:-:,:.:-:,:.:,:<.:.:.:-:.:.:-:.:,:.:+:,:-;-:->:.:.:-:::.:-:.:-:-:.:.:,::-:-::-::-:-:::_:::::::::::::.::::::.:.:.: ...........

• Waters Millennium 2010 Chromatography Manager software controls the
functions of the 996 PDA detector as well as the collection and analysis
of the data from the optics bench. Shown here is a screen from the
software which displays the entire spectrum of each of the
chromatographic peaks seen on the previous slide. Recall frorr that
slide that the nitrite peak (peak #2), was quite small. The corresponding
spectrum (green) is quite noisy due to the low level present and also in
part to the noisy background.



Smoothing
of Spectrum

(Peak #2)
of Monomer

Extract

• From the "Derived" pull-down menu, the spectrum was smoothed to
make visual comparisons easier.



Library-_ Spccllum Review _I_

• The software can be used to find the best match between an analyte
spectrum and a spectrum that has previously been collected and stored
in a library. When this procedure was performed, the best match was
with the library spectrum of nitrite which agrees ,with the conductivity data
also. In this case, the match is not a very good one in terms of match
angle but is good in terms of identity.



Spectrum
Review

of Monomer
Extract

(Peak#3)

: ::_:::_:::::::::::: "'." ".'.-_" ":;-;::::,'_:._:""4::. ".:_.:-:,"";_::-"":"=========================="::_:.' - ':: :::.:.""-:+:,:-:"+:_:.::'.":.'.:::::.""4+:'+:.: "::::" • :.:+,+:- :::..: ,.. ;::.._.._.. :

_ii_i_iiii__ii_i!i!i_i__!:.i_:i:_i'._:_i_:,_i':i!?:i_.i ! . Sam_e #_
PDA Ma_ch ResuMs

_blalch Match Spectrum Lll:)rarf blatcln W_tn tilatch t.:
I

1 2811 3567 Nllrate ',_nions Yes 00000

]

...................................._..................................._......................................_...........................................................-...... Waters
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• This is the spectrum review of peak #3.



• The library match for peak #3 was found to be nil:rate. The spectra of
peak #3 and that of nitrate from the library are much more similar than
seen in the library match for peak #2. Therefore, there is a better match
angle as evidenced by it being lower than the match threshold. It is also
apparent visually as there is almost complete ow_rlap of the sample and
library spectra.



Spectrum
Review

of Monomer
Extract

(Peak #3)

___!:.__:_:__i.&."_ ': x':_'!::_::::::x_:.1::_:::"::":!_ii_i!_i_!i_;!_!_!_!_!:'_:'__?'×:''::::::':':''::::×.1'':::::::::::':::i::i:_::::::::':::x::_!I_::_................._::____ ..................!! S_mpte ,_- 1
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PDA 114_ch R_sulIs Unknown acLd Jght biu_

'-!!t_1 _*_ IsD_r_iUo_,l_lt_ ,] W,ln 1_,_ I ',_ '4,tr,,_ _

e. il
t,nale Thr_,_n0!g Name I Name [ Flaq R_£ Errors ;rom,de Dar_, b!u_-

11 2.811 3.567 Nitrate IAnl°nsL Yes O0000

.......................................................................................................................................<<.._..-.-.,..<..........................................:.........................................Waters_: :.,::!.:::::::_:_:.".._s_-_':_,.'::::_::::_::::::: .!::_.!::: ::: ::: "::::::: :: ::::: :_:_:::::: ::!_:::.!::::::-':.i::::_::S_::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::
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• An overlay of the spectrum of peak #3 and the library spectra o: the
"unknown acid", nitrite and bromide show the dissimilarities between
these and peak #3 which was correctly identified as nitrate.

• (Note)
• There are four spectra shown; (top to bottom they are:)
• nitrite (red),
• peak #3, nitrate, (purple),
• bromide (dark blue) [This is barely visible in a photocopy]
• "unknown acid" light blue



CIA of Monomer Extract #5
Capillary 75 _rr x EO cm

Electrolyte: 4 mM Chromate

03 mM OFM-BT

Voltage -15 K_/

Injection 30 se: hydrostatic

Detection Indirect LV 254 nm

3.60

SaRID le ,_5

3 40'
2 1 Cn!onc_e

• _8 2 S,jltate

3.20. _ 3 _'J,tn te

my _L ,4 N_trate

300. 5 Unknown

6 Fluoride

4
Carbonate

S Aoetate
260

3.60 4.00 4 40 480 5.20 5 60 6 0:',

Minutes Waters

• Sample #5 showed a similar appearance to sample #1. Acetate and
nitrite are present and the "unknown'" (peak #5) is also present in the
CIA pherogram.



Monomer Extract #5 - Photodiode Array'
214 nm Extracted Wavelength

Column: Waters IC-Pak Anion HR

Eluent 1.2 mM Sodium Carbonate

1.2 mM Sodium Bicarbonate

Flow rate 10 mL/mm

Inlection vol : 50 IJL

Detection UV (PDA) at 214 nm

Sample =[,
3

i !d n_,,so,,, r-

00020 2 N:tr_te

AU 3 r4 t,ate

0.00 4.00 8 oo 12.00 1600 20.00 24 03

_:es Waters

• Peak #5 from the previous slide corresponds to peak #1 here.



• This is the spectrum review of peak #1 of sample #5. It did not match the
library-stored spectra of nitrite, nitrate, bromide, formate or acetate.

• It however did appear similar in shape to the spectrum obtained for peak
#1 of sample #1.

• The spectrum of peak #1 of sample #1 was added to the library and
when the library was again searched for a match to peak #1 of sample
#5 ............



Library
Matching
Results

(Peak #1)
:_::::: :5:::::::::: ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::_:::::_:::::::: :::: : : : :_::::::::::::::::::::::::::::: :: ::::::::::::::-::::::::::: of Monomer

Extract

Sample #5

PDA _,_ch I_sults

_:!_Atlcl'e,Threslao,c_I Name Name F,aq !,dea, R_S IErro,sl i
1 5706 24724 IUn_mo_ac_dl/k_ons IYes O000O

/
Waters

.v... ........ . ..... .................................. .......................... ... ........

• ........... the best match was found for the "unknown acid" (peak #1 of
sample #1). This confirms that this peak is not only the same in terms of
retention time by both suppressed and non-suppressed IC. as well as by
CIA, but also the same spectrally.
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• As mentioned, it is not spectrally similar to either formate or acetate as
can be seen here visually.

• (Note)
• There are three spectra shown; (top to bottom they are:)
• formate (yellow),
• acetate (dark blue) [This is barely visible in a photocopy]
• "unknown acid" (red)



Conclusions

• Use of both chemically-suppressedand non-suppressed
conductivityyields more informationthan either alone

• UV detection (PDA) for inorganicspecies
• enhances analyte identification
• increases inter-sample information

• The technique of CIA offers a unique and predictable
selectivity as comparedto ion chromatography

Waters

• Non-suppressed- able to see acetate as a resolved peak
• Suppressed- able to see nitrite and confirm that "the 'unknown' p_ak was

not carbonate.

• PDA helped confirm that nitrite and nitrate were present and that the
"unknown acid" was not formate or acetate.

• The best match for the peak #1 from sample #1 was the same peak in
sample #5. This strongly suggests that they are the same comFound.

• CIA confirmed that: acetate was present in the samples the "unknown
peak" in both samples had similar migration times and formate was not
present in the samples.


