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Technical Note 46

Determination of Trace Anionsin

Concentrated GlycolicAcid

INTRODUCTION

Thereisaneed for areliable method to determine
trace chloride and sulfate in glycolic acid. The presence
of theseionsin glycolic acid that is used for soldering
fluxes can corrode el ectronic parts.! Determination of
theseionsis hampered by the large excess of glycolate
ion. Diluting the concentrated sample reduces the concen-
tration of the interfering matrix ion but resultsin alack of
sensitivity for the contaminant ions of interest. Anim-
proved method for determining trace anionsin concen-
trated wesk acids has been developed to overcomethis
problem.?3 Trace inorganic anions of strong acids are
separated from the high concentration of glycolate by an
ion exclusion separation prior to an ion exchange separation.

This Technical Note describes the theory, set up, and
anaytical procedure for the determination of trace chloride
and sulfate at sub-mg/L (ppm) levelsin 0.7-17.5% (v/v)
glycoalic acid.

SUMMARY OF THE METHOD

AnlonPac® ICE-AS6 ion exclusion column is used
on-line for sample pretrestment to separate the anayte ions
from an excess of glycolate matrix ions. A selected fraction
from the ion exclusion separationis“cut” and sent to a
4-mm lonPac AG9-HC anion exchange concentrator
column. The concentrated ions are then eluted onto a2-mm
lonPac AS9-HC column set where the anions of interest are
separated and detected by suppressed conductivity.

EQUIPMENT
DX-500 lon Chromatography System consisting of:

GP50 Gradient pump, microbore configuration

CD20 Conductivity detector with atemperature
controlled conductivity cell (DS3)

L C20 Enclosure, 2 Rheodyne valves, PEEK, rear
loading

Dionex RP-1 single piston pump

Pressurizable Reservoir Chamber (P/N 37053)

AC2 Power Control Accessory

CAM (Controlled Air Module)

Low Pressure 4-Way Valve, 10-32 fittings (P/N 45010)

(3) Plastic bottle assemblies, 4 L, 2 for externa water,
(2) for rinse solution (P/N 39164)

(2) O-ring, Teflon encapsulated, for rinse solution bottle
(P/N 43523)

(2) O-ring, Teflon encapsulated, for Reservoir
Chamber (P/N 55703)

(2) Air pressure gauge 0 to 171 kPa (0-25 psi) (for external
water)

305 cm (66 in.) of green 0.75 mm (0.030 in.) PEEK tubing
to connect columns and make a 750-mL sample loop

High-density polyethylene bottles as sample containers

PeakNet Chromatography Workstation



Columns
lonPac AG9-HC guard column, 2 mm (P/N 052248)

lonPac AS9-HC analytical column, 2 mm (P/N 052244)
lonPac AG9-HC concentrator column, 4 mm (P/N 051791)
lonPac AG10 astrap column, 4 mm (P/N 043119)
lonPac ICE-AS6 andytical column, 9 x 250 mm
(P/N 079798)
Anion Self Regenerating Suppressor® (ASRS®-ULTRA),
2 mm (P/N 53947)

REAGENTS AND STANDARDS

Deionized water (DI H,0) Type | reagent grade,
17.8 MQ-cm resistance or better

Sodium hydroxide 50% (w/w) agqueous solution
(Fisher Scientific)

0.5 M Carbonate Anion Eluent Concentrate
(Dionex PIN 37162)

Chloride standard 1000 mg/L, 100 mL
(Dionex PIN 37159)

Sulfate standard 1000 mg/L, 100 mL (Dionex P/N 37160)

CONDITIONS
lon Exclusion

Andytical Column: lonPac ICE-AS6

Trap column: lonPac AG10, 4 mm
Eluent: Deionized water
Flow rate: 0.55 mL/min

lon Chromatography

Andytical column:  lonPac AS9-HC, 2 mm
Guard column: lonPac AG9-HC, 2 mm
Concentrator column: lonPac AG9-HC, 4 mm

Eluent: 8 mM Sodium carbonate
1.5 mM Sodium hydroxide

Flow rate: 0.25 mL/min

Sample volume; 750 pL

Detection: Suppressed conductivity, ASRS,
AutoSuppression® externa water
mode

Suppressor

current setting: 100 mA

Expected system

Backpressure: 13.8 MPa (2000 psi) (with concen-

trator column inline)
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Expected
Background
Conductivity: 20 uS

PREPARATION OF SOLUTIONS AND REAGENTS

Eluent Solutions

8.0 MM Sodium Carbonate/ 1.5 mM Sodium Hydroxide
Add 16.80 g of 0.5 M sodium carbonate and 0.12 g of

50% sodium hydroxide directly to 900 g degassed, deionized

water (having a specific resistance of 17.8 MQ-cm or

greater) in an duent bottle. Dilute to 1,000 g and vacuum

degasfor 5 min.

200 mM Sodium Hydroxide (AG10 trap column
regeneration) preparation:

Dilute 16.00 g of 50% (w/w) sodium hydroxide with
degassed, deionized water (having a specific resistance
of 17.8 MQ-cm or gresater) to afina weight of 1000 g
in an eluent bottle. Avoid the introduction of carbon
dioxide from the air into the aliquot of 50% (w/w)
sodium hydroxide and the deionized water being used
to make the eluent.

Standard Solutions
Sock standard solution (1000 mg/L)

Use Dionex 1000 mg/L ion standard solution or
equivalent.

Working standard solution (1.00 mg/L)

To prepare amixed working standard solution,
combine 1.00 mL of each 1000 mg/L anion stock solution
with deionized water and dilute to afina volume of
1000 mL.

Sample Preparation

Thismethod can accommodate glycolic acid at dilutions
of 0.7% to 17.5% (v/v). Select an gppropriate dilution based
on the expected concentration of the anaytes of interest.
To prepare 0.7% (v/v) glycalic acid begin by pouring
90 mL of deionized water into aclean 100-mL volumetric
flask. While in afume hood, very dowly and carefully add
1.00mL (1.27 g) of 70% concentrated glycolic acid to the
deionized water. Gently mix the acid with the water. Always
add acid to water not water to acid. Add deionized water
to afina volume of 100 mL.


pixie.hranilovich
Text Box
(P/N 079798)


CALIBRATION

Dilute each sample with deionized water to bring the
analyte response within areasonable range (<100 pS).
Prepare calibration standards at a minimum of three
concentration levels by diluting the working standard.
Select arange similar to the expected concentrationsin the
samples. The method of standard additions (adding one or
more increments of a standard solution to sample aliquots
of the same size) should be used to minimize effect of the
concentrated acid matrix on the measured conductivity of
the analytes of interest.* Calibration standards are added to
the deionized water used to dilute the concentrated glycolic
acid from 70% (w/w) to 0.7% (v/v). Thefollowing
formula can be used to cal culate concentrationsin mg/L
for dilutions:

(Conc. of gock solution, mg/L) (Val. of stock solution, mL) =
(Conc. of dilute standard, mg/L) (Val. of dilute standard, mL)

The procedure for preparing standardsin 1200 mL of

0.7% (v/v) glycalic ecid isasfollows:

1. Prepareadilute mixed standard solution of 1000 pg/L
for chloride and sulfate.

2. Add dliquots of this standard solution to deionized
water using the volumesin Table 1.

3. Carefully add 1.00 mL of 70% (w/w) glycolic acid to
the 99 mL of dilute standard and deionized water.

IONPAC AG10 TRAP COLUMN PREPARATION

The AG10 trap column must first be regenerated.
Monitoring the blank will indicate when regeneration is
necessary. Typically, monthly regeneration is necessary,
but it will depend upon the quality of the deionized water

Table 1 Method of Standard Additions

for Concentrated Glycolic Acid

Amount Amount of Anion Final Volume
of Deionized 1000 pg/L Concentration| of 0.7 %
Water Anion Stock (na/L) (v/v) Glycolic
(mL) (mL) acid (mL)
98 1.000 10 100
96 3.000 30 100
89 10.00 100 100
69 30.00 300 100

and usage rate of the instrument. Increased contamination

in the water blank indicates that the AG10 requires

regeneration. The procedure is asfollows:

1. Pump 200 mM sodium hydroxide through the AG10
at 1.0 mL/min for 50 min.

2. Follow with arinse of deionized water at the same
flow rate for 20 min.

DISCUSSION OF THE METHOD

This method addresses the challenge of determining
trace concentrations of contaminant ions such as chloride
and sulfatein amatrix composed of a high concentration
of glycolateion. The method is accomplished in two steps:
anion exclusion (ICE) preseparation followed by injecting
aportion of the ICE separation to an ion chromatographic
(IC) separation.

The ion exclusion mechanism separatesionized
species from nonionized or weakly ionized species. This
occurs because of anegatively charged hydration shell on
the stationary phase surface called the Donnan membrane®
Figure 1 illustrates the application of this | CE mechanism
to the separation of trace anions from 0.7% (v/v) glycolic
acid using an ICE-AS6 ion exclusion column. This
chromatogram is a measurement only of the unsuppressed
conductivity response for the |CE separation. The strong
acid ions, such as chloride and sulfate, are excluded and
elute asasmdl pesk with aretention time of approximately
11 min. The weakly ionized glycolate matrix ions are
retained and thus elute later as alarge peak.

Column: lonPac ICE-AS6
Eluent: Deionized water
Flow Rate: 0.55 mL/min

Sample Volume: 750 pL
Conductivity

1. Nitrate/Chloride/Sulfate
2. Glycolate

Detection:
50 — Peaks:

2

us
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| | Minutes \ |

To waste I To Concentrator Column I To waste I

14095

Figure 1. lon exclusion separation for 0.7% glycolic acid.
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Figure 2. Loading the sample loop.
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Figure 3. First stage of the ICE separation (time 0.0-7.0 min).
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Figure 4. Concentrating the "cut" portion (time 7.0-14.0 min).
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Figure 5. Separating the retained ions.

A series of schematics (Figures 2-5) illustrates the
operation of the chromatographic hardware. The concen-
trated glycolic acid sampleis|oaded viaa pressurized
reservoir into the 750-uL sampleloop (Figure 2). Helium
or nitrogen at 34.5 kPa (5 psl) is used to push sample from
the sample container into the sample loop at aflow rate of
~1 mL/min (1.27 g/min). Thistechnique ensuresthat a
representative sample of the concentrated glycolic acid
sampleisloaded into the sample loop. It isimportant to
pass at least four loop volumes through the sample loop
to ensure reproducible sampling.®

The 0.7% glycolic acid in the sample loop is then
ddivered with ahigh purity water carrier stream to the
lonPac ICE-AS6. An AG10 is placed after the RP-1
pump to act as an anion trap column for the deionized
water. Any contaminants present in thiswater will impact
the quality of the blank. Thefirst portion of the ICE
separation from 0.0 to 7.0 min is sent to waste (Figure 3).
Then, the concentrator column is placed in-line with the
| CE column and the portion from 7.0to 14.0 minis
captured on the concentrator column (Figure 4). After
14.0 min the ICE column istaken out of line and the
4-mm AG9-HC concentrator column is placed in-line
with the 2-mm AS9-HC analytical column set and the
concentrated ions are separated (Figure 5). Thistime
window should ensure the preconcentration of all the
chloride and sulfate with aminimal amount of glycolate.

The IC separation uses an AS9-HC with anisocratic
eluent of 8 MM sodium carbonate 1.5 mM sodium
hydroxide. The high capacity of the ASS-HC column
allowsinjection of these relatively concentrated samples
without overloading. Figure 6 shows a separation of the

common anions in deionized water with the 2-mm lonPac
AS9-HC under standard conditions. These chromato-
graphic conditions enable the separation of chloride from
glycolate aswell as carbonate.

A 2-mm microbore column analytical column set was
chosen because it has afour-fold increase in mass sengitiv-
ity over the standard bore column. Thisfacilitates faster
loop loading because smaller sample volumes are required.
The microbore format also offers low eluent consumption
and lesswasgte generation. An lonPac AG9-HC ion ex-
change column was used as the concentrator column in the
50 x 4 mm format instead of 50 x 2 mm because the 4-mm
column had four times more capacity than the 2-mm
column and lower back pressure at the microbore flow rate.
No significant degradation in separation efficiency was
observed when coupling a4-mm concentrator column with
a2-mm anaytical column set.

During the | C separation, the deionized water rinses
the | CE-AS6 and associated tubing to ensure that thereis
no contamination from the previous sample. To prevent
sample depletion, at 2.90 min the PeakNet method stops
the flow of helium pressure to the reagent reservoir after
enough sample has been loaded.

SYSTEM PREPARATION AND TEST

Refer to the system configuration schematicsin
Figures 2-5 and Table 2 that summarize the types and
lengths of tubing required for system configuration. The
chromatographic hardwareis divided into two parts. the
ion exclusion pretreatment portion with the ICE-AS6 and
the IC analysis portion with the AS9-HC.
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IC system

1

Connection
Points

Prepare the ASRS by following the Quickstart instruc-
tions (Dionex Document 031368-02) included with the
Instructions and Troubleshooting Guide for the ASRS.
Ingtdl the 2-mm AG9-HC and AS9-HC by using the
red 0.125-mm (0.005 in.) tubing. To minimize dead
volume, use the smallest possible lengths of tubing and
ensure that the ends of the tubing are smooth and level.
Congtruct a5-pL. sample loop by cutting a9.9-cm
(3.9in.) portion of the black 0.25-mm (0.010in.)
PEEK tubing.

Instal this sample loop between ports 1 and 4 of the
injection valvein the |C andysis system.

Ingtdl the ASRS and configureit in the externa water
mode as described in the SRS manudl.

Establish uent flow through the 2-mm AG9-HC and
ASS-HC andytica column set. The expected back-
ground conductivity is~20 pS. (Note: for trace analysis
it will teke at least five hours for the system to achieve
stable background conductivity.)

Vexify proper operation of the IC portion of the system
by injecting alow level-ppm standard to replicate the
column test chromatogram.

Removethe 5 pL sampleloop and ingtall the 4-mm
AG9-HC concentrator column. Make sure that the
arrow indicating flow on the column is pointed from
port 1 to port 4. Make the tubing length connecting the
outlet of this column and port 4 is as short as possible.
Configurethe IC valve so that the 4-mm AG9-HC
concentrator column isin-line with the 2-mm AG9-HC
and AS9-HC andytical column set. Check for lesks.
The expected system back pressure for thesethree
columnsat 0.25 mL/minis~13.8 MPa (2,000 ps).

Table 2 Details of Tubing Configuration for

Trace Anions in Glycolic Acid

Tubing Length | Remarks
Description (cm)

lon Exclusion Sample Pretreatment System

This section describes the preparation of the ICE
portion of the system. It isimportant that the same type
and length of tubing as described in Table 2 be used to
successfully perform this analysis. Changesin tubing
length will result in adifferent “cut” from the ICE-AS6
column being ddlivered to the AS9-HC concentrator

ICE exit => Port 5
ICE input => Port 3

Green 0.030-in (0.75-mm) [ 30
Green 0.030-in (0.75-mm) [ 70

Port 1 =>Port4 Green 0.030-in (0.75-mm) | 44 | 750 L sample
loop

AG9-HC =>Port 4 | Red 0.005-in (0.125-mm) 3 | Should be as
short as possible

AG9-HC =>Port 1 | Black 0.010-in (0.25-mm) | 25

Port 3 => Analytical | Red 0.005-in (0.125-mm) 3 | Should be as
short as possible
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column.

1

Cut a165-cm (66 in.) portion of the 0.030-in.

(0.75 mm) i.d. green PEEK tubing to make a 750-pL
sample loop and ingtd | thisloop between port 1 and 4
of the sample valve.

Prepare the AG10 trap column according to the
directionsin the section entitled “lonPac AG10 Trap
Column Regeneration”. (Caution: Beforethe AG10is
ingtalled in the system it isimportant that the sodium
hydroxide solution used for the storage or cleaning be
completely rinsed away. The ICE-AS6 is not compat-
ible with sodium hydroxide eluent.)

The entire pathway from the RP-1 pump to port 5 of
the IC valveis plumbed with the green PEEK
0.75-mm (0.030in.) tubing. Install the AG10 at the
exit port of the RP-1 pump.

Install the ICE-AS6 column using a 70-cm piece of
green PEEK tubing between the exit of the ICE-AS6
and port 5 of theinjection valve. Use a 30-cm portion
of green tubing between port 3 of the sample valve
and the input of the ICE-ASB.

Pretreatment
Column:

ICE Eluent:
ICE Flow Rate:
Sample Volume: 750 pL

Column: lonPac AG9-HC, AS9-HC, 2 mm
Concentrator: lonPac AG9-HC, 4 mm

Eluent: 8.0 mM Sodium carbonate
1.5 mM Sodium hydroxide

IC Flow Rate: 0.25 mL/min
Detection:

lonPac ICE-AS6
Deionized water
0.55 mL/min

Suppressed conductivity,
ASRS-ULTRA, AutoSuppression,
external water mode

Peaks: 1. Fluoride — /L (ppb)
4 — 1 2. Chloride 30
3. Carbonate  —
4. Nitrate 100
5. Unidentified —
6. Sulfate 187
7. Phosphate 150
us
0 _—
I I [ I |
0 5 10 15 20 25
Minutes
14101
Figure 6. Trace anion standard in deionized water.




10.

11

Check to see that there is about 34.5 kPa (5 psi) head
pressure on the incoming deionized water that feeds
the RP-1 pump.

Connect the exit port of the reagent reservoir to port 5
of the sample valve with 0.75-mm (0.030 in.) green
tubing.

Configure awaste line from port 6 of the sample valve
with the green PEEK tubing.

Connect the reagent reservoir to helium pressure of
about 34.5 kPa (5 ps).

Begin with acontainer filled with delonized water asa
sample to rinse the sample lines of any trace contami-
nation.

Set aflow rate of 0.55 + 0.02 mL/min for the RP-1
pump by adjusting the dia on the pump. This should
be measured with the 4-mm AG9-HC concentrator
column out of line. Measure the flow rate by collect-
ing the waste coming out of port 6 of the IC valve. It is
critical for the success of this method that this flow
rate be consistent.

Pump deionized water at 0.55 mL/min through the

| CE-AS6 to waste without the 4-mm AG9-HC inline
for 1 h. Thiswill remove the 0.4 mM heptafluoro-
butyric acid storage solution. It istypical with this
method to detect trace amounts of sulfatein the
deionized water blank.

12.

13.

14.

15.

ThelCE-AS6 can be further conditioned by rinsing it
with 100 mM glycolic acid for 2 h at 0.55 mL/min
followed by a 1-h rinse with 17.8 MQ-cm deionized
water. Thiswill reduce the sulfate blank to 50 pg/L or
less. Continue to monitor the blank, especidly when
starting up the system after it has been idie for more
than two days.

Connect the wires between the GP50 and the AC2

according to thewiring diagram in Figure 7. This

wiring scheme will ensure that in the event of a power
outage, that the unitswill bein the OFF position when
power isrestored.

Plug the RP-1 pump into outlet 1 of the AC2 and the

Controlled Air Module (CAM) into outlet 2.

Connect the color-coded air lines of the CAM (See

Figure 7). The CAM directs 689 kPa (100 ps) air

pressure to the dider valve to regulate the flow of

34.5 kPa (5 psi) helium to the reagent reservair.

a Redtubing to asource of air pressure.

b. Green tubing to the barbed fitting at the top of the
dider valve (orientation groove marks the top of
thevalve).

c. Yelow tubing to the barbed fitting at the bottom
of the dider valve.

GP50

CPU/RLY PCB AC2

Compressed Air In
CAM

RED J

AC Outlet
v - - YELLOW
0 Ry 2 i Coz}?gafed Barbed Fitting
i y GREEN Top of Valve
T
1 [+ - TTL Input To
I | Reservoir
AN
TIL 2 o = |
Relay 1 controls AC2 TTL 1 | Helium
TIL 1 Relay 2 controls AC2 TTL 2 g n
N
" RP-1 Slider .
TL 2 Pump Valve C|osed3 H
+
" Loading
Valve
n

TIL 4

Barbed Fitting
Bottom of Valve

14421

Figure 7. Wiring diagram for AC2 and CAM.
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16. Configurethe valve portsonthe dider valve as
follows:
a Port 1 - Heium Out to the reagent reservoir
b. Port2-HeiumIn5ps (34.5 kPa)
c. Port3-Closed
d. Port4-Open

17. Confirm that, by actuating Relay 1, the RP-1 pump can
be turned on and off. Likewise, confirm that by
actuating Relay 2, the flow of helium to the reagent
reservoir can be turned on and off.

18. To reduce the sulfate blank, continue pumping deion-
ized water through the ICE-AS6 overnight.

System Operation
After al aspects of the instrumentation have been

prepared, the system isready for sample analysis.

1. Load the PeskNet method shown in Table 3.

2. Fill the 750-pL sample loop with deionized water.
Use helium gas pressure to push the deionized water
sample using the reagent reservoir (Figure 2).

3. Analyze ablank by loading deionized water asthe
sample. It might take severa runs until the system has
been rinsed of contamination.

4. Dilute concentrated glycolic acid, 70% (w/w) to
0.7% (v/v) using the procedure described in the
Sample Preparation section. Caution: concentrated
glycolic acid must be handled with care. Consult the
applicable Material Safety Data Sheet (MSDS) for
specific details about protective equipment, reactivity,
storage, disposal, and health effects.

Thediluted 0.7% (v/v) glycolic acid can be loaded
directly into the 750-uL loop by the reagent ddlivery
module as discussed earlier. Ensure that the loop has
had enough sample pass through by collecting the
liquid that exits port 6 of the sample pretreatment
valve. A good practiceisto load at least four loop
volumes. The method is set up so that the reagent
reservoir pushes sampleinto the sampleloop prior to
the |C separation. By applying helium pressure at
34.5kPA (5 ps) for 2.90 min ~3 mL will have been
passed through the sample loop.

Ensure that the RP-1 pump isdelivering at aconsist rate
of 0.55 £ 0.02 mL/min. Figure 8 illustrates what
happens when the flow rate isfaster or dower. At the
dower flow rate, not enough of the sampleis cut from
the | CE separation, resulting in lower recovery of the
andytes. Chloride responseis reduced by half by
varying flow rate from 0.55 mL/min to 0.50 mL/minin
this example. Whereas et the fagter flow rate, more of
the ICE separation is cut resulting in aless optimum
separation between glycolate, chloride, and carbonate.
Other factorswill also affect the quality and consis-
tency of the | CE presegparation. Changing the cut time
window (7.0-14.0 min) specified in the method will
impact the amount of analyte and matrix ionsthat are
delivered to the concentrator column. Varying the
sample volume will aso affect the character of the

| CE separation. Method devel opment will be needed
to ascertain the impact of any changes from the
specified method.

Table 3 PeakNet Method for the Analysis of Concentrated Glycolic Acid

Rﬁﬂ TI%E o Tilr(m:w e In{/:(i\t/i:n C\c/);LIJ\r/T;n Rezlay %A Figure Comments
(min) | (min) (min)
Init Inject A Open 100
0.00 Inject A Closed 100 Begin loading the sample loop
2.90 Inject A Open 100 3 End loading the sample loop
3.00 0.00 Inject B Open 100 Begin ICE separation
10.00 7.00 Load B Open 100 4 Send cut portion from ICE separation
to Concentrator column
17.00 14.00 0.00 Inject B Open 100 5 Begin IC separation. Concentrator
column in-line
47.00 30.00 Inject B Open 100 5 End IC Separation

A = Inject, B = Load
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8. Quantifying the levels of anionsin glycolic acid is best
accomplished by the method of standard additions.
Thisinvolves adding one or more increments of a
standard solution to sample aliquots of the same size
(see Calibration section).

RESULTS AND DISCUSSION

A blank was determined by using deionized water as
asample. Thisis used to establish a background level of
contamination present from the chromatographic pathway.
The only anion present in significant concentration from
theinitial series of deionized water blanks was sulfate at
approximately 130 pg/L, quantified based on sulfate
standards in deionized water. A rinse of the column with
deionized water for one hour followed by 25 replicate
injections of deionized water blanks brought the blank
down to 30 pg/L sulfate, as shown in Figure 9. This
deionized water blank was subtracted from the levels
found in the concentrated glycolic acid samples.

A chromatogram for the analysis of trace anionsin
70% glycolic acid diluted 1:100 to 0.7% (v/v) isshown in
Figure 10. Thelarge glycolate matrix (peak beginning at
5 minutes) iswell separated from chloride. Using an
8.0 mM carbonate/ 1.5 mM sodium hydroxide eluent
allows chloride to be well resolved from carbonate. Using
an euent gradient on a hydroxide selective column such
asthe lonPac AS10 or AS11 could have enhanced this
separation between glycolate and chloride. The drawback
of thisapproach isthat the andysistime increasesto
75 min. Thus the use of the AS9-HC represents the best
compromise in separation efficiency and anaysistime.

To verify proper quantification of andytesin the
glycolic acid matrix, increasing concentrations of chloride
and sulfate were added into the deionized water used to
dilute the 70% glycolic acid. Spikes of 10, 30, and
100 pg/L of chloride and 300, 1000, and 3000 pg/L of
sulfate yielded coefficients of determination (r?) values
of grester than 0.999.

Based on this calibration curve, a spike of 20 pg/L
chloride, 500 pg/L sulfate yielded good recoveries as
shownin Table 4.

To determine method precision for the method, a
sample of glycolic acid diluted to 0.7 % (v/v) was analyzed
by this method. For n=7 replicate injections of the same
sample, arelative standard deviation (RSD) of less than
10% was obtained for an average value of 11 pg/L chloride
and 560 pg/L sulfate. Method detection limits (MDLS)
were calculated using the standard deviation of seven
replicate injections multiplied by the Student’ st value for
the 99.5% confidence level. MDLsfor chloride and sulfate
areinthe low pg/L (ppb) range (see Table 5).

PRECAUTIONS
Exercise caution when handling concentrated glycolic
acid. Consult the Materia Sefety Data Sheet (MSDS) for
more specific details about protective equipment, rectivity,
and hedlth effects. Use only the highest quality deionized
water for the preparation of standards and duents. Any ionic
contamination present in the deionized water will adversely
affect results. Teflon containers are recommended for
holding the concentrated acid samplesfor ddlivery to the
sampleloop. Containers should be soaked for at least 24
hourswith 17.8 MQ-cm deionized water prior to use. Itis
good practice to dedicate dl containersfor trace andyssand
keep them filled with deionized water when not in use.
Method success depends on maintaining a consistent
flow rate of deionized water from the RP-1 so that the
proper fraction is cut from the ICE-AS6. Verify that the flow
is0.55 = 0.02 mL/min. If the deionized water container
feeding the RP-1 pump is not pressurized to at least
34.5 kPa (5 ps), the pump will be proneto losing prime.
Periodically rinse the Rheodyne valve used for loading
sample. Residua glycolic acid can crystalize and block
injector passages. Also, impurities present in the concen-
trated acid samples can lead to aloss of column capacity.
This causes an increasein back pressure and shorter
retention times. For more information, consult the lonPac
ASS-HC column Installation and Troubleshooting Guide.
Do not leave concentrated glycolic acid in the sample
loop and sampleinlet lines for more than 6 hours. The
PEEK tubing can degrade after extended contact time with
the concentrated acidic sample.

Table 4 Spike Recovery of Trace Anions
in 0.7 % (v/v) Glycolic Acid
Anion Glycolic Acid

Blank Spike | Found-blank [Recovery
(Mg/L £S.D.) | (Mg/L) | (Mg/L£S.D.) (%)
Chloride 10+0.2 20 21+0.3 105
Sulfate 340 £3.0 500 558 £6.7 112
n=7

Table 5 Method Detection Limits

for Trace Anions in 0.7% (v/v) Glycolic Acid

Anion Method Detection
Limits (ug/L)

Chloride 2
Sulfate 20

Method Detection Limit = (SD) x (t.)

)gos0, Where (t) is for a single sided Student's t-test
distribution for n=7.
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lon Exclusion (ICE) 1.5 mM Sodium hydroxide
Pretreatment IC Flow Rate: ~ 0.25 mL/min
Column: lonPac ICE-AS6 Detection: Suppressed conductivity,
ICE Eluent: Deionized water ASRS-ULTRA,
Sample Volume: 750 plL AutoSuppression,
Column: lonPac AG9-HC, external water mode
AS9-HC, 2 mm Peaks: 1. Glycolate
Concentrator 2. Chloride
Column: lonPac AG9-HC, 4 mm 3. Carbonate
IC Eluent; 8.0 mM Sodium carbonate 4. Sulfate
0.50 mL/min
A
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Pretreatment
Column;

ICE Eluent:
ICE Flow Rate:

lonPac ICE-AS6
Deionized water
0.55 mL/min

Sample Volume: 750 pL

Column: lonPac AG9-HC, AS9-HC, 2 mm
Concentrator: lonPac AG9-HC, 4 mm

IC Eluent; 8.0 mM Sodium carbonate
1.5 mM Sodium hydroxide

IC Flow Rate: 0.25 mL/min

Detection;  Suppressed conductivity,
ASRS-ULTRA, AutoSuppression,
External water mode
2 — 1 Peaks: 1. Fluoride — /L (ppb)
2. Carbonate —
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4. Sulfate 32
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Figure 9. Representative system blank.
lon Exclusion (ICE) lonPac ICE-AS6
Pretreatment Column:
ICE Eluent: Deionized water
ICE Flow Rate: 0.55 mL/min
Sample Volume: 750 pL
Column: lonPac AG9-HC,
AS9-HC, 2 mm
Concentrator Column:  lonPac AG9-HC, 4 mm
IC Eluent: 8.0 mM Sodium carhonate
1.5 mM Sodium hydroxide
IC Flow Rate: 0.25 mL/min
Detection: Suppressed conductivity,
ASRS-ULTRA, AutoSuppression
external water mode
Peaks: 1. Glycolate — /L (ppb)
2. Chloride 10.6
3. Carbonate —
4. Sulfate 336
20 —
/ 1
4
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2 3
O  —
I I I I I |
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14102

Figure 8. Effect of flow rate on ICE separation.

10 Determination of Trace Anionsin Glycolic Acid

Figure 10. Trace anionsin high purity glycolic acid.
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