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Determination of trace anions in isopropanol 
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Abstract 
Ion chromatography along with matrix elimination reliably determines low /*g/l levels of anionic contaminants in 

isopropanol. The use of ion-exchange columns that are solvent compatible makes elimination of the isopropanol 
sample matrix possible and allows calibration standards to be prepared in deionized water. By concentrating a large 
amount of sample, detection limits for chloride, sulfate, phosphate and nitrate between 0.2 and 1.0 pgll are 
achieved. The sample can be injected without sample pretreatment. The procedure is automated and yields a 
complete analysis in less than 1 h. 

1. Introduction 

In the manufacture of semiconductor materi- 
als, much attention is directed toward minimiz- 
ing sources of contamination. Production yield 
and product reliability can be significantly com- 
promised by contamination [l]. Of particular 
interest are those chemicals that contact the 
microelectronic circuitry. One such chemical is 
isopropanol (IPA), which is used to clean semi- 
conductor surfaces [2,3]. 

Analysis of trace anions in IPA by wet chemi- 
cal methods is laborious and time consuming. 
Procedures involve evaporation of a large vol- 
ume of sample for several hours on a hot plate. 
Anions are determined by either calorimetric or 
turbidimetric methods, and each anion must be 
determined separately [4]. These techniques lack 
the sensitivity to detect trace concentrations 
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(pg/l) as required by the semiconductor indus- 
try. 

In the present study, ion chromatography (IC) 
is employed as an alternative approach for this 
analytical challenge. The Dionex IonPac ion- 
exchange columns used in this study are packed 
with highly cross-linked substrate resin. These 
columns can withstand up to 100% concentra- 
tions of organic solvents without damage to the 
resin [5]. This paper reports the results of 
evaluating IC as an analytical tool for detecting 
trace anions in IPA using matrix elimination on 
the IonPac AC10 ion-exchange column. 

The determination of trace anions in IPA by 
IC must meet the following requirements; (1) 
the method must be sufficiently sensitive to 
detect low pg/l levels of chloride, sulfate, phos- 
phate and nitrate; (2) direct injection of IPA 
without sample pretreatment is required to mini- 
mize sample contamination; (3) an automated 
analysis is necessary to provide cost effective 
sample turnaround time; and (4) a concentrator 
column must pre-concentrate anionic impurities 
while allowing uninhibited passage of IPA. 
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2. Experimental 

2.1. Chromatographic system 

All chromatography is performed on a Dionex 
(Sunnyvale, CA, USA) DX-300 ion chromato- 
graph. The system consists of an advanced gra- 

dient pump (AGP), a liquid chromatography 
module (LCM-3) and a conductivity detector 
(CDM-3). For sample loading a Rheodyne 9126 

038 valve is fitted with a 5-ml loop made from 
0.037 in I.D. (0.94 mm) I.D. Tefzel tubing 
supplied by Dionex. To deliver the sample to the 
concentrator column an inert double stack four- 
way slider valve (Dionex) is used. Two Dionex 
Quit Pump (DQP) single-piston pumps are util- 
ized, one for pumping the deionized water rinse 
solution (rinse-DQP) and the other for drawing 
sample from the sample container into the sam- 
ple loop (sample-DQP). A pressurizable reser- 
voir chamber (Dionex) large enough to accom- 
modate the sample container is maintained at 8 

p.s.i. (55 kPa) with helium. 
All columns used in this study are manufac- 

tured by Dionex. The separations are performed 
on an IonPac AS10 analytical column (250 x 4 
mm) and a IonPac AGlO guard column (SO x 4 
mm). To concentrate the anions and eliminate 
the sample matrix, an IonPac AC10 concentrator 
column (SO X 4 mm) is used. The packing materi- 
al for AClO, AGlO and AS10 is anion-exchange 
macroporous resin with 2000-A pores. The resin 
consists of polyethylvinylbenzene cross-linked 
with 55% divinylbenzene. To this substrate, a 
layer of latex particle beads are permanently 
bonded. This latex layer consists of 6%nm par- 
ticles fully functionalized with alkanol quater- 
nary ammonium groups. Sodium hydroxide (100 
mM) is used to elute the analyte anions from the 
AClO, AGlO and AS10 columns. An anion self 
regenerating suppressor (ASRS) from Dionex is 
used [6]. To prevent contamination of the sam- 
ple with anionic impurities in the rinse solution, 
an anion trap column (ATC-1) is used. This 
column contains a high-capacity anion-exchange 
resin in the hydroxide form. The ATC-1 is 
initially prepared for use by flushing (2 mlimin) 
with 200 ml of 200 mM sodium hydroxide fol- 
lowed by 100 ml of deionized water at the same 

flow-rate. The ATC is periodically regenerated 
using this procedure. Table 1 summarizes the 
chromatographic conditions. 

2.2. Chemiculs 

Reagent-grade chemicals are used for standard 
and eluent preparation. Semiconductor-grade 
IPA is from Olin Hunt Specialty Products (West 
Patterson, NJ. USA). Sodium hydroxide, 50%) 
(w iw) is from Fisher Scientific (Pittsburgh. PA. 
USA). Deionized water with a specific resistance 
of 17.8 MI> cm or greater from a Millipore 
(Bedford. MA. USA) Milli-Q water purification 
system is used to prepare all reagents and stan- 
dards. 

Anion standards (1000 mgil) for chloride, 
sulfate, phosphate and nitrate are prepared from 
the sodium and potassium salts obtained from 
Fisher Scientific. The salts are dried for 30 min at 
105°C in an OVCII and then cooled in a desiccator 
prior to weighing. Working standards are prc- 
pared by further diluting the 1000~mgil stan- 
dards to the range expected for the anions of 
interest. Dilute working standards are prepared 
weekly. Polyethylene containers presoaked with 
deionized water that has a specific resistance of 
17.8 MR cm or greater are used to store samples 
and standards. 

2.3. System operation 

The trace anion analysis of IPA is accom- 
plished in four steps: (1) filling the sample loop, 
(2) loading the concentrator, (3) eliminating the 
IPA matrix and (4) chromatographing the re- 
tained ions. Fig, 1 illustrates how the system 
performs these tasks. In step 1 (Fig. lA), the 
sample-DQP pump draws the sample from the 
pressurized reservoir into the S-ml sample loop 
on the Rheodyne valve (valve 5). Use of the 
pressurized reservoir chamber ensures that the 
sample loop is consistently filled without bub- 
bles. A 7-min loading time at I .5 mlimin flushes 
the loop with approximately two and one-half 
times its volume with each sample. minimizing 
carryover from previous samples. After the sam- 
ptc loop has been filled. deionized water from 
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Table 1 

Chromatographic conditions 

Guard column 

Analytical column 
Concentrator column 

Trap column 

Eluent 

Eluent Row-rate 

Rinsing reagent 

Rinsing Row-rate 

IonPac AGlO (50 x 4 mm) 

IonPac AS10 (250 X 4 mm) 

IonPac AC10 (50 x 4 mm) 

ATC-1 

100 mM NaOH 

l.Oml/min 

Deionized water 

1.7 ml/min 

Sample volume 

Sample fill rate 
Detection 

AGP Program 

Time (min) 

5.0 ml 

1.5 mUmin 
Suppressed conductivity, AutoSuppression, recycle mode 

Eluent (%) Valve 5 Valve 6 Remarks 

0.0 100 0 1 Fill sample loop 

7.0 100 1 0 Sample to AC10 

17.0 100 0 1 Begin sampling” 

a Begin sampling refers to data collection. 

the rinse-DQP transfers the sample from the 
loop and to the AC10 concentrator column on 
the four-way slider valve (valve 6). Anions are 
retained on the concentrator column while the 
IPA passes through unretained assisted by wash- 
ing the AC10 with deionized water from the 
rinse-DQP at 1.7 ml/min for 10 min (Fig. 1B). 
Activating valve 6 switches the AC10 in line with 
the eluent stream and the analytical columns. 
The anions are then eluted from the AC10 in the 
reverse direction of the concentration step and 
separated on the AS10 (Fig. 1C). 

Special care is taken to minimize contamina- 
tion. The deionized water used for preparing 
rinse solution, eluent and standards is free of 
measurable levels of ionic impurities, organics, 
microorganisms and particulate matter (larger 
than 0.2 pm). Polyethylene containers are 
soaked for at least 24 h with deionized water and 
rinsed several times prior to use. Polyethylene is 
used as a sample container because the use of 
glass results in a low recovery of phosphate. 
Disposable gloves (for cleanroom electronics 
applications) are worn at all times when handling 
apparatus that come into contact with standards 
or samples. 

3. Results and discussion 

3.1. Method performance 

To achieve the low detection limits required 
by the Semiconductor Equipment and Materials 
International (SEMI) guidelines, a 5-ml sample 
volume is concentrated on a solvent-compatible 
AC10 concentrator column. Analyte anions are 
retained as the IPA matrix is eliminated by 
rinsing the column with deionized water. The 
analyte anions are then eluted from the concen- 
trator column and separated on the ASlO. The 
use of an isocratic method results in lower 
baseline noise in comparison to gradient meth- 
ods. With lower baseline noise, signal-to-noise 
ratios are improved and sensitivity enhanced. 

An advantage of this matrix elimination meth- 
od is that standards can be prepared in deionized 
water and external calibration is performed 
rather than standard addition to each sample. 
Calibration curves are prepared for the four 
anions of interest based on standards prepared in 
deionized water and 99% IPA. The coefficients 
of determination (1’) are calculated for chloride 
at concentrations of l-300 pgll, and for sulfate, 
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Fig. 1. IC matrix elimination instrument configuration. (A) Loading the sample loop, (B) loading the concentrator column and 

eliminating the matrix and (C) chromatographing the retained ions. V-Valve. 

phosphate and nitrate at 5-500 pug/l. Results for 
both cases yield a linear response for the four 

anions with r2 values greater than 0.9999. 
Method detection limit (MDL) values are 

determined using the standard deviation for 
seven replicate analyses of IPA samples spiked 
with 10 pgll of chloride, sulfate, phosphate and 
nitrate. A one-tailed Student’s f test at the 

99.5% confidence level for seven replicates is 
used for the statistical calculation. By concen- 
trating a large sample volume and eliminating 
the IPA matrix, excellent retention time preci- 
sion and low wg/l detection limits are achieved 
(Table 2). The stated detection limits are lower 
than the maximum limit of impurity specified by 
SEMI for ultra-high-purity IPA [7]. 
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Method performance of trace anions” in isopropanol 

Anion Retention 
time (min) 

R.S.D. (n = 7) (%) 

Retention Peak 
time area 

Method 
detection 
limit (wgIl)b 

SEMI maximum 
limit of 
impurity 

(CLgll)’ 

Chloride 8.8 0.2 0.4 0.2 50 
Sulfate 11.4 0.6 2.0 0.7 50 
Phosphate 16.9 0.9 3.6 1.0 50 
Nitrate 29.1 0.5 2.7 1.0 50 

’ For IPA spiked with 10 pg/l of each anion and number of samples analyzed, n = 7. 
b Method detection limit = (SD.) X (t,),, 5s, where (r,) = 3.71 for a single-sided Student’s t test distribution at a 99.5% 

confidence. 
’ SEMI Guidelines for Isopropanol, Tier B [4] 

A representative chromatogram of trace an- 
ions in semiconductor-grade IPA is shown in Fig. 
2. Levels detected in this sample are well below 
the maximum limit of impurity: chloride 0.7 pg/ 
1, sulfate 1.1 pg/l and nitrate 1.3 kg/l. The 
concentrations of these anions are calculated 
based on the calibration curve prepared in deion- 
ized water. An IPA sample spiked with 10 pg/l 
of the four anions of interest is shown in Fig. 3. 

A system blank is determined by using 17.8 
Ma cm or greater deionized water as the sam- 
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Fig. 2. Analysis of semiconductor-grade isopropanol by IC 
with matrix elimination. Sample: 100% isopropanol. Peaks: 
1 = carbonate; 2 = chloride (0.7 pg/l); 3 = sulfate (1.1 pg/l); 
5 = nitrate (1.3 pg/l). Sample volume: 5 ml; analytical 
column IonPac AS10 (250 X 4 mm); guard column IonPac 
AGlO (50 x 4 mm); concentrator column AC10 (50 X 4 mm); 
detection: suppressed conductivity, ASRS in recycle mode; 
eluent: 100 mM sodium hydroxide, isocratic; eluent flow- 
rate: 1.0 ml/min; rinsing reagent: deionized water; rinsing 
flow-rate: 1.7 ml/min. 

ple. This blank consists of 22 ml of deionized 
water; 17 ml from the rinsing step and 5 ml from 
the sample loop The blank establishes baseline 
anion concentrations from such sources as the 
polyethylene sample container, the deionized 
water and the chromatograph. Any ionic con- 
tamination present in the deionized rinse water is 
magnified in proportion to the volume needed 
for the rinsing step. The importance of high- 
quality deionized water cannot be over-empha- 
sized. 

A chromatogram of a representative system 
blank is shown in Fig. 4. Sulfate is the only 
species of interest that is detected at 1.0 pg/l. 
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0 

Minutes 

Fig. 3. Analysis of spiked isopropanol by IC with matrix 
elimination. Sample: 99% isopropanol and 1% aqueous 
standard; Peaks: 1 = carbonate; 2 = chloride; 3 = sulfate; 4 = 
phosphate; 5 = nitrate. IPA spiked with 10 pg/l of each of 
the analytes of interest. Chromatographic conditions as in 
Fig. 2. 
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Spike/recovery of trace anions in 09% isopropanol 

Anion 

Chloride 

Sulfate 

Phosphate 

Nitrate 

IPA blank 

(~g/l?:S.D..n=4) 

0.7 i- 0.1 
Tr < 0.7 

ND <: 1.0 

1.3 i 0.2 

Spike in IPA 

(pgil) 
- 

2.5 

25 

75 

25 

Found - blank 

(/~gil _+ S.D., n = 7) 

21 .Y f 0.3 

25.5 ‘- 3.3 

2’;. 1 f 1.8 
26.3 i 0.7 

Recovery 

(76) 
--. 

X8 

IO? 

100 

IUS 

--- 

Tr = Trace: ND = not detected. 

This is based on a one point calibration with a 5 
pg/l sulfate standard which is corrected for the 
amount detected in the blank. The sample loop 
contributes 0.2 pg/l sulfate and the rinsing step 
contributes 0.7 pg/l sulfate to the total system 
blank. These values are meant to be approxi- 
mations, since they are both below the detection 
limit. The contribution from the rinsing blank is 
common to all analyses. The peaks eluting be- 
fore 5 min are fluoride and organic acids. 

3.2. Method validation 

Recovery of the four anions of interest is 
determined using a sample of IPA that was 
spiked with 25 pgil of each anion. All con- 
centrations are calculated using the aqueous 
calibration curve described earlier. After correc- 
tion for the rinsing blank and the IPA blank, 
recovery values range from 88 to 105% for seven 
replicates are obtained. These results are sum- 

C” f / , T-_i_7--1 

0 5 10 15 20 25 30 35 

Minutes 

Fig. 4. System blank for IC with matrix elimination. Peaks: 

1 = carbonate; 3 = sulfate (1.0 wg/1=0.7 pg/l for rinse 

step + 0.2 pg/l for loop volume). Chromatographic condi- 

tions as in Fig. 2. 

marized in Table 3. To meet the SEMl guide- 
lines for method validation. a recovery of 7S- 
125% must be demonstrated at 50% of the 
specified maximum limit of impurity [7]. 

4. Conclusions 

Combined use of the IonPac AC10 concen- 
trator column and matrix elimination provide an 
improved analysis of high-purity IPA for trace 
anionic contaminants. The success of this meth- 
od is ensured by using high-purity deionized 
water for preparation of the rinse solution and 
standards. Chloride, sulfate, phosphate and ni- 
trate are determined at low pg/l levels with 
excellent recovery. This technique can be useful 
as a quality control test in many high-purity 
applications. 
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