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Ion Determination Using CIA( Capillary Ion Analysis)
Application to difficult samples
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I) Bare silica capillary, 50 to 100 um i.d.
2) UV detector-for simplicity and low cost of use,
the detection cell js simply created by removing

the protective polymeric coating. High energy lamps

for sensitive indirect or direct UV detection.
Wavelengths from 185 nm.

3) Large electrolyte vials
4) Sample vials, 500 pl ¢
4 ml capacity for jon de
5) Complete temperature

, for migration time stability
apacity for ppm analysis or
termination at trace Jeve]

control for migration times stability Waters Europein Markeling, |
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Conditions for obtaining reproducible
migration times and correct determinations

Constant osmotic flow, obtained by

e wall interactions control
~ electrolyte composition
> rinse routine for difficult samples

e stable pH of the electrolyte
> composition, buffering capacity
~ large electrolyte vials
> purge effluents going to a separate vial

e control of the temperature of both electrolyte and capillary

"' High capacity' electrolyte, allowing large differences of
concentation without loosing the resolution. |

Large linear range, related to electrolyte composition, and detector
deSi gn Waters European Marketing,
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Electroosmotic flow (EOF) control for -

anion separation

Détcction
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For most of the applications, it is suitable to get the fast inorganic species ('i.e.
Chloride) migrating first, followed by the organic anions. |

This is achieved by detecting the anions at the anode and by reversing the osmotic
flow by addition of a cationic surfactant in the electrolyte

A: EOF in its normal direction.

B: Anions displacement

C: accelerated EOF. The anions can be detected at the cathode, but low mobility

species are coming first. This configuration is sometimes difficult to maintain when
dealing with real samples. |

D: reversed EOF, by addition of a cationjc surfactant. Stable situation,
~ Waters Europcan Marketing,
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Minutes

Trace (5 ppb) anions in dionised water

Migration times reproducibility

Chloride:
Sulfate:
Nitrate:
Chlorate:
Fluoride:
Formate;

Phosphate:
Carbonate:

% rsd
0.34

0.36
0.36
0.39
0.41
0.40
0.45
0.34
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Isomigration technique for compensatlng

conductivity differences
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Overlay of a | ppm standard solution and a drinking water sample
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Detection

Sensitive detection is achieved using UV detection, most of the
time in the indirect mode.

The detection cell is created directly on the capillary by removing
the polyimide protective coating

UV detection is compatible with osmotic flow modifiers and can
be used for both anions and cations determination.

Non UV absorbing compounds are detected in the indirect mode.

Adequate detector design allows detection at very low
wavelength(185 nm), providing a very sensitive detection of
cations and organic acid.

" Waters European Marketing,
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Selectivity

The migration order depends on the mobility of the analyte into the electrolyte

The mobility is affected by:
* the presence, nature and conc
¢ induced complexation or pre
* the pH of the electrolyte (we

entration of an osmotic flow modifier
cipitation reactions

ak acids separation)

Waltcrs Europcan M.'lrkc!ing. I
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Selectivity for anions separation

SOh e

From this separation, it is possible for instance:

- to dlsplace the oxalate peak by adding calcium to the electrolyte

- to improve the separation CI-SO4 by increasing the chromate concentration

- to position the sulfate peak after the nitrate by changing the osmotic flow modifier

Waters ‘Europcz—m Markeling,
LGHPLCYS




Seﬁaration optimized for organic acids
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By choosing a slow electrolyte (i.e. phosphate), symmetrical peaks are obtained for
organic acids.
Direct UV detection at 185 nm

" Walers European Marketing,
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Selectivity for cations separation
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The tropolone acts as a complexant for changing the apparent mobility of divalent cations.
Separation of alkaline earths is impossible without the addition of a complexant.

The 18-Crown-6 allows the separation NH4/K, which have very close mobilities.
In these conditions, detection must be achieved at 185 nm.

" Walers European Marketing,
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Selectivity for cations separation: aminesiseparation
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The separation of both inorganic and organic cations can be achieved in one injection.

Longer chain amines can be analyzed using optimized conditions || Vet Buropcun Mkl



Selectivity of the separations

The CIA separations show
e Very high efficiency
* No water peak
* No cation peak when determining anions, and reverse

* Organic species clearly separated from inorganic species
* No interference from organic molecules

Consequence
* Simplified sample preparation

Walcrs Europcan Marketing,
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Applications

Capillary electrophoresis is routinely used for:

e Environmental control

* Monitoring of industrial processes

* Quality control of industrial products

¢ lon determination at trace level for nuclear and fossile fuel power
plants .

¢ Jon determination at trace level for electronic industry industry

* anion determination in food or beverage

e research

Waters European Markeling,
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Applications: water analysis
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Minutes

Cl: 7.92 ppm,S0O4:16.6 ppm, NO3: 54.8 ppm, F: 0.09ppm, HPO4:

0.15ppm,
HCO3: nq

[_
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Applications: waste water analysis

Cl=-
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The only sample treatment was a 10 tim

e dilution. No interference of
organic compounds.

I Waters European Markeling,
HPLC 9s



Determination of nitrite and nitrate in

‘bacon
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Minutes

NO2: 6.5 ppm, NO3:12.2 ppm (injected concentrations)

Electrolyte: Sodium chloride + flow modifier

Detection: direct UV, 214 nm
Sample preparation: proteins removal wit
Courtesy of Waters Holland

h Carrez 1+2
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Determination of cyanuric acid in
‘Swimming pool water

Channal Dasar.: uvdir214
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Electrolyte: Sodium sulfate + flow modifier:;
Detection: direct UV, 214 nm

Watcrs European Marketing.
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Calibration curve for cyanuric acid
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Electrolyte: Sodium sulfate + flow modifier:
Detection: direct UV, 214 nm
Calibration from 0.05 ppm to 10 ppm

Processing Method : CYAN4 - Syatem : CIA nl Channel : SATIN
Date : 05-0CT-94 Type : LC Name : Cyanuric acid
Retention Tima : 5.475 Order : 1 A 38.884208
B : 9556.077033 Cc 0.000000 D : 0,000000
E : 0.000000 F : 0.000000 R : 0.999987
R*2 : 0,999975 Standard Error : 197.516959

5 =

.

: //

. /7

] /. .

:

- T T T T T T T T T T

2.00 4.00 6.00 8.00

~ Waters Europcan Markeling, -
. ..HPLCO95



[

Cyanuric acid detection limit: 5 ppb hydrostatic injection

SampleName: batch
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Minutes

Electrolyte: Sodium sulfate + flow modifier:
Detection: direct UV, 214 nm

~ Waters Europcan Markcting, ™
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8x 1073 AU

Impurities in terephthalic acid

Concentrations injected (ppm)
1 terephthalafe 5000.00
2 benzoate nq
i 3 4-carboxybenzaldehyde 0.11
4 ﬁ-ioluole 0.56
5 hydroxymethylbenzoate nq
4
L‘ALAL,/L/S\

2.80 3.00 J.20 J.40  3.40 3.80 4.00
Minutes

185 nm detection allows the analysis of organic acids with a high
sensitivity. The selected conditions gives a fronting terephthalate peak,
which allows the easy quantitation of the impurities.

The replaced IC method was taking 40 mn per injection . ILCYs

~ Waters European Marketing, -



Organic acids in antifreeze:
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This sample containing 30% glycol is simply diluted before injection. The
CIA technique is now used for both routine analysis and formulation -
deformulation of antifreezes - WhersBuiopain Mg, |
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Impurities in hydrogen peroxyde
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po—" N electrophoresis. The
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Optimized conditions for nitrite

[ ] ) ®
determination
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NO2: 20 ppb, NO3: 40 ppm
Electrolyte: Sodium sulfate + flow modifier
Detection: direct UV, 214 nm

Waters European Markeli g
HPLC Y95



Anions at trace level
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Minutes

Trace level determination of anions is now achieved routinely for nuclear
power plants control. It is applicable for deionised water as well as for
primary and secondary circuit waters. Trace analysis is also used in electronic |

industry.

‘Waters European Marketing, |~ .
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Determination of silicate and borate at 10 ppb level
in dionized water
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Pracessing Hethod : Oec27 Systes s Claog Chennet 1 SATIN Date : 27-0EC-93 Processing Method : Dacl7 System 1 ClAD) Channel : SATIN Osts : 27-0£C-93
Typ te Neme 1 Stltcate Retention fiae 1 5.601 Order 3 1 Typa s LC Nema 1 lorata Aetantion Time 3 5,288 Ordar ¢ 1
$3.204268 [ 18.948478 [} 0.000000 0 0.000000 A 288,106707 LI} §5.814778 [ 0.000000 03 0.000000
[ 3] 0.000000 Fa 0.000000 R 1 6,999064 A%2 1 0.998129 £: 0.000000 F 0.000000 R 1 0.99782% R*2 ¢ 0.995655
Standard Error : 34,380462 Standar d_Error ¢ 183.249567
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3 ] :aunn.
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Calibration silicate: 10 to 100 ppb Calibration borate: 10 to 100 ppb

Electrolyte: Sodium chromate + flow modifier:
Detection: indirect UV, 254 nm

Waltcks European Marketing,
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Determination of boromn at ppb level
in heavy water
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Borate: 9.5 ppb

Electrolyte: Sodium chromate + flow modifier:

Detection: indirect UV, 254 nm

(courtesy of Mr W¢ien, Institutt for energiteknikk, Norway)

%
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Determination of cations at ppb level
with 185 nm detection
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Electrolyte composition: Sample: |
UVCat2: 30 mg otassium: 1 ppb
Tropolone: 60 mg Ca qlun?. 10" ppb
18-Crown-6: 52 mg Sodmm.. 10 ppb

Magnesium: 2 ppb
H20: 100 ml Lithium: 100 ppb

Injection: electromigration

Waters European Marketing,
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Anionic¢ impurities in tri-Butyle Phosphate

Channel Desor.: uvinv254

R
3 5
1
3
| R
:
2.'40 ' ' ' Z.IGD ' ' ' 2.‘80

This sample is_not water soluble. Selective injection of anions is made using
electromigration.

This analysis is important for the nuclear fuel re-treatment industry.

Waters European Marketing, © |- -
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Anionic impurities in Formaldehyde |

Channel Desor.: uvinv2s54

i
:
J\JL/\J\J

o

T T 7 ¥ T T T T r 1 T T v T T ¥ T T T T T T T T ¥ I v
2.60 2,80 3,00 3. 3.40 3.¢60 3.80

The pur formaldehyde 1S analyzed without any sample treatment or dilution.

Selective injection of anions is made using electromigration.
This analysis is important for the nuclear fuel re-treatment industry.

Similar approach is used for impurities determination in organic solvents as |

used in the electronic industry. Wit Furopofin Markciing
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Conclusion

CIA (Capillary Ion Analysis) is now recognized as a valid jon analysis
method.

The CIA technique is applicable to a wide variety of samples.
Sample treatment is most of the time limited to a dilution.

The separations are frequently more convenient than what is obtained with
ion chromatography (higher efficiency, different selectivity).

The simple instrumental approach (bare silica capillaries, UV detection)
reduces the cost of use and maintenance

Results obtained on the Capillary Ion Analyzet are equivalents to those of
other techniques |

[ Wters iropan kg
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Determination of silicate in tap water

2,861 Q1~

2.930 8304{——
2,997 NO3-

5.607 filicates

Electrolyte: Sodium chromate + flow modifier: pH = 10.5
Carbonate is detected as CO3=, which migrate earlier than HCQ3-

Detection: indirect UV, 254 nm

‘Waters European Markcting,
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Determination of Chlorite and chlorate in ta’p"'wa‘tér
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Hinutes

C102: 350 ppb, C103: 95ppb
Electrolyte: Sodium chromate + flow modifier
Detection: indirect UV, 254 nm

~ Waters Europcan Marketing, ™. | *



HPCE 1995
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~ Detector design

Lamp Housing
Assembly

Detector

Capillary Assembly

Assembly
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Calcium

Sodium Magnesium

Sample:

Electrolyte composition:

UVCat2: 30mg
Tropolone: 60 mg
18-Crown-6: 52 mg

H20: 100 ml
Injection: electromigration

Potassium:
Calcium:
Sodium:
Magnesium:
Lithium:

1 ppb
10 ppb
10 ppb
2 ppb
100 ppb

1
Detecti li 1 ty fi tions at low concentration
Frecessing Methed | keaces oatlens Fystem | CIA n? Channel t BATIH . * Preceseing Hethod | traces_sations fystam 1 CIA nt Chanel ¢+ BATIN » ing Mathed 1 ¢ I tem ¢ CYA_n2 Channel 1 SATIN
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