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Determination of Alcohol by Partition Chromatography 
Using an Indirect Electrical Conduction Detector

Shinya Ichikawa,1 and Hiroyuki Miyata1

The partition chromatography method of electrochemical detection is the commonly used 
method for quantitative analysis of alcohol. In the present, the standard detectors of high-
performance liquid chromatography and ion chromatography are ultraviolet-visible detector, 
differential refractive index detector, and electrical conduction detector. Therefore, we need 
to prepare new detectors for the analysis of alcohol. We examined the quantitative analysis of 
alcohol by the partition chromatography method of indirect electrical conduction detection, 
that based on the phenomenon of alcohol’s signal appearing as a negative peak while using the 
electrical conduction detector of ion chromatography. The calibration curve obtained by using 
this method is a straight line whose coeffi cient of correlation was 0.9967-0.9999 in the range 
of 0.5mg/L-100%, thus allowing us to analyze alcohol in a very wide range. In addition, it was 
found that we could also analyze organic acid and saccharide by the same method.

1. Introduction
Generally known ion-exchange chromatography is 

a method that quantifi es separation of each ion accord-
ing to differences in adsorption power of each ion com-
ponent compared to the ion exchange column. The 
eluent is an alkaline solution (KOH solution etc.) in 
the case of analysis of an anion and as for the column 
inevitably becomes anion exchange resin.

Although ion exclusion chromatography is an anion 
test, separation analysis is conducted with a cation-ex-
change column and acid eluent (H2SO4 etc.).

Since both the cation-exchange-resin surface and 
the eluent used are acidic, they repel each other and a 
resultant H2O membrane (Donnan membrane) forms 
between them and depending on the electrical charge 
of the test elements elution time differences occur.

In other words, ion components with a large charge 
are quickly excluded along with the mobile phase and 
ions with a small charge are pushed away from the mo-
bile phase (contained) into the Donnan membrane 
and are excluded slowly. Therefore, since in many 
cases elution time for ion-exchange chromatography 
and ion exclusion chromatography is completely op-
posite, separation analysis is good for F which is weak 
against ion exchange resin, or for organic acids etc.

Since the alcohol in this study is a nonionic sub-
stance showing almost no ionic dissociation in solu-
tion, normal ion-exchange chromatography analysis is 
not possible. For these reasons, distribution mode 
separation using ion-exclusion column and differential-

refractive-index meter (RI) or electrochemical detec-
tor was considered.

The principle is that the column used and the mo-
bile phase are completely the same as those used for 
ion exclusion chromatography but the Donnan mem-
brane displays a hydrophobic-bond type function work, 
as a result, weakly hydrophobic elements are eluted 
fi rst and a strongly hydrophobic elements later. In or-
der to distinguish from the usual reversed phase chro-
matography, here we call it partition chromatogra-
phy.

However, the sensitivity analyzed by RI is generally 
bad, and an electrochemical detector, which is known 
to be highly sensitive, is not standard equipment, so 
study of methods using more general detector sensors 
is needed.

In this study, we examined the quantitative analysis 
of alcohol by the partition chromatography method of 
indirect electrical conduction detection, that based on 
the phenomenon of alcohol’s signal appearing as a 
negative peak while using the electrical conduction 
detector of ion chromatography.

2.  The test by the partition chromatography 
method of indirect electrical conduction de-
tection

2.1 Reagent

All the water used in this test is ultra-pure water 
(electrical resistivity > 18 M ohm-cm), alcohols (etha-
nol etc.), and the sulfuric acid, sodium sulfate, phos-
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phoric acid, and perchloric acid which were used for 
the chromatographic eluting solution, were Kanto 
Chemical special grade chemicals.

2.2 Test solution adjustment

Measurement was conducted for methanol, ethanol, 
1-propyl alcohol, 2-propanol, 1-butanol, 2- butanol, tert-
butanol, 1-pentanol, 2-pentanol, 3-pentanol, 1-hexanol, 
2-hexanol, 3-hexanol, glycerol, ethylene glycol, propyl-
ene glycol, and water. Measurement was carried out 
for concentrations adjusted with ultra pure water over 
the range 0.5 mg/L-100%.

2.3 Device and analysis conditions

The analysis device used in this test is an ionic chro-
matograph of general construction with a conductivity 
detector. (Fig. 1) Here, suppressor mode analysis was 
conducted assuming the case of simultaneous analysis 
of organic acid and alcohol, and, in addition the non-
suppressor method using alcohol, which is thought to 
allow high sensitivity measurement, was also con-
fi rmed. 

The test was conducted using a hydrogen cation ex-
change resin column (ID 7.8mm ¥ 300 mm) with a 
50°C constant temperature bath for the separation col-
umn, using 1 mM of H2SO4 for the mobile phase and 
25 mM of Na2SO4 for the solvent with fl ow-rate of 0.75 
mL/min for elution and solvent, and by introducing 
200 µL of test fl uid. In the following tests even though 
it was expected that alcohol would be detected as a 
negative peak since alcohol has almost no electrical 
conductivity, by reversing the +/- of the detection sig-
nal the analysis result became a positive peak the same 
as a regular chromatograph result.

 
3. Result and examination

3.1 Analysis of alcohol by suppressor-mode

Quantitative analysis was possible for all the speci-
mens shown in 2.2. The correlation coeffi cient of the 
calibration curve and limit of detection and limit of 
quantifi cation is shown in Table 1. This correlation co-
effi cient is calculated by a three-point calibration 
curve.

In addition, the equipment detection (quantitative) 
lower limit calculation, is analyzed according to JIS 
K0127:2001 General Rules for Ionic Chromatographic-
analysis. The standard deviation (s) calculated here is 
used at 3 times for the equipment detection lower limit 
(3s), and at 10 times for the equipment lower limit of 
determination (10s).

Although it is conceivable that analysis is possible 
for substances besides alcohol, as analyzed this time, 
it is considered that hexanol may be a threshold for 
this quantitative analysis considering the solubility 
and retention time. When analyzing alcohol, which 

has a comparatively large molecular mass, since there 
is a tendency for retention time to become dramati-
cally slow, the column temperature and conditions 
need to be considered.

The analysis by suppressor mode is effective when 
conducting the synchronous test of alcohol and organ-
ic-acid, and this is thought to be an effective technique 
to conduct sensitive analysis for an organic-acid, and 
when emphasis is put on the sensitivity of an alcoholic, 
it would be effective to use the non-suppressor mode 
as mentioned below.

3.2 Alcohol analysis by non-suppressor mode

Although the test conditions in the usual ion-exclu-
sion mode are used as they are given in 3.1, as a meth-
od to further improve sensitivity, changing the test 
specimen amount or fl ow or mobile phase can be con-
sidered.

This time for an even simpler method, non-suppres-
sor mode (without using suppressor and suppressor 
regenerant) was considered. In general ionic chroma-
tography the aim is to reduce the conductivity of the 

Fig. 1. Diagram of the ion chromatograph system.
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Compound
Correlation 
coeffi cient 

(r)

Limit of 
detection 
(mg/L)

Limit of 
quantifi cation 

(mg/L)

Methanol 0.9999 4.81 16.0

Ethanol 0.9999 3.35 11.2

1-Propanol 0.9999 3.05 10.2

2-Propanol 0.9999 2.72 9.07

1-Butanol 0.9999 3.06 10.2

2-Butanol 0.9999 3.07 10.2

tert-Butanol 0.9999 3.68 12.4

1-Pentanol 0.9972 5.62 18.7

2-Pentanol 0.9989 4.18 13.9

3-Pentanol 0.9985 4.86 16.2

1-Hexanol 0.9967 6.13 20.4

2-Hexanol 0.9973 6.95 23.2

3-Hexanol 0.9978 5.81 19.4

Glycerol 0.9999 3.05 10.2

Ethylene glycol 0.9999 4.09 13.6

Propylene glycol 0.9999 3.82 12.7

Table 1. Determination of alcohol by suppressor method using 
ion chromatograph.
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eluting solution and improve the sensitivity, but this 
time in the case of indirect conductivity detection it is 
different from normal ion component analysis and 
higher mobile phase conductivity increases sensitivi-
ty.

The suppressor mode of ethanol 5 mg/L (Fig. 2), 
the analysis result of non-suppressor mode (Fig. 3), 
suppressor mode of methyl-alcohol 5 mg/L (Fig.4) 
and a non-suppressor mode (Fig. 5) are shown below. 
In addition, the correlation coeffi cient of the calibra-
tion curve and a detection (quantitative) lower limit is 
shown in Table 2, this correlation coeffi cient is calcu-
lated using a three-point calibration curve.

Thus, even if detection is not clear in suppressor 
mode, in the case of a non-suppressor mode, the peak-
area value (µS ¥ min) of ethanol 5 mg/L was improved 
from 0.0554 to 0.6031 and the peak-area value (µS ¥ 
min) of methanol 5 mg/L was also improved from 
0.0406 to 0.4113. Single fi gure or more increases in 
sensitivity were obtained.

 
3.3 Alcohol quantity range

In this test the analysis of not only low-concentration 
areas, but also high-concentration areas was possible. 
As shown in Table 1 above, the study of non-suppres-
sor mode also yielded a linear curve and the possibility 
for testing quantities over the range 0.5 mg/L-100% 
was confi rmed.

3.4 Simple quantitative analysis of water and alcohol

In this test, the simple quantitative analysis of water 
was also possible at the same time as alcohol (Fig. 6).  
However, the calibration curve obtained does not show 
linearity, but turns into a two dimensional curve (Fig. 
7), with correlation coeffi cient (r) 0.9979. The quanti-
tative range of this test is about 1 to 100%, but when 
there is a component which has electro-conductivity, 
and which is not retained, it produces a negative error 
for the water quantity. It is considered that this meth-
od can handle samples that can be separated and re-
fi ned (demineralization etc.).

 
3.5 Sugar and sugar-alcohol analysis

In this test, the analysis of sugar and sugar-alcohol 
is also possible. Although here the test principle be-
comes what is called ligand-exchange mode, the hy-
drogen type cation-exchange resin column used for 
the separation column is the same as the analysis 

Compound
Correlation 
coeffi cient 

(r)

Limit of 
detection 
(mg/L)

Limit of 
quantifi cation 

(mg/L)

Methanol 0.9999 0.456 1.52

Ethanol 0.9999 0.327 1.09

Table 2. Determination of alcohol by non-suppressor method 
using ion chromatograph.
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Fig. 2. Typical chromatogram of ethanol by suppressor method.
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Fig. 3. Typical chromatogram of ethanol by non-suppressor 
method.
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Fig. 4. Typical chromatogram of methanol by suppressor 
method.

retention time (min)

el
ec

tr
ic

 c
on

d
uc

tiv
ity

 (
µS

)

0.5

0

0 8 16 24

1.0

methanol
5mg/L

Fig. 5. Typical chromatogram of methanol by non-suppressor 
method.
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equipment used for the analysis of alcohol, and test 
conditions etc are also the same.

However, the point to pay attention to for the analy-
sis of sugar or sugar-alcohol is that when measuring 
under strong-acid conditions such as a sulphuric acid 
there may be decomposition of the component under 
study in the column. In that case, it is necessary to 
make the test conditions less severe. For example, it 
was possible to analyze by using phosphoric acid solu-
tion as the mobile phase and to keep the column tem-
perature at about 40 °C. 

4. Conclusion
In this study, we examined the quantitative analysis 

of alcohol by the partition chromatography method of 
indirect electrical conduction detection, by using the 
phenomenon of alcohol’s signal appearing as a nega-
tive peak while using the electrical conduction detec-
tor.

As a result, the quantitative analysis ranging from 
low to high concentrations was possible. Using this 
method not just analysis of organic acid or water, but 
also the simple quantitative analysis of water was pos-
sible.

Although the quantitative analysis of alcohol in this 
study, does not seem to apply for high sensitivity anal-
ysis by an electrochemical detector, the sensitivity de-
tected is superior to that of RI detectors, and the use of 
ionic chromatograph equipment fi tted with a conduc-
tivity detector is very widespread and is expected to be 
an analysis method that can be carried out more gen-
erally.

Fig. 6.  Typical chromatogram of ethanol -water by non-
suppressor method.
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Fig. 7. Calibration curve of water by non-suppressor method.
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