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ABSTRACT

Depending on the determination of  ethanol and benzene in water, we
studied the theory of  static headspace gas chromatography, and dis-
cussed the effect of  vapor-liquid phase ratio, distribution constant, equi-
librium temperature, equilibrium time and inorganic salts on headspace
concentration. The results showed that the effect of these factors on
headspace concentration varied significantly in various volatile residual
solvents in pharmaceuticals.                 2005 Trade Science Inc. -
INDIA
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INTRODUCTION

Residual solvents in pharmaceuticals are defined
as organic volatile chemicals that are used or pro-
duced in the manufacture of  drug substances or ex-
cipients, or in the preparation of  drug products. The
solvents are not completely removed by practical
manufacturing techniques. Appropriate selection of
the solvent for the synthesis of  drug substance may
enhance the yield, or determine characteristics such
as crystal form purity, and solubility. Therefore, the
solvents may sometimes be a critical parameter in
the synthetic process. However, there is no thera-
peutic benefit from residual solvents; all residual

solvents should be removed to the extent possible
to meet product specifications, good manufacturing
practices or other quality-based requirements. Drug
products should contain no higher levels of residual
solvents than can be supported by safety date. The
content of  solvents in pharmaceuticals should be
evaluated and justified.

The common method to determination of  re-
sidual solvents in pharmaceuticals is gas-chromatog-
raphy (GC). According to the ways of injection, they
are divided into the direct injection with solution
and the headspace injection. There are many disad-
vantages of direct injection with solution, such as
the solvent interference, column contamination and
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high, detection limit etc. The advantages are simple
and convenient. Recently, solid-phase micro-extrac-
tion[1-6] has been used to determine the residual sol-
vents in pharmaceuticals, however, it costs too much
and the repeatability needs to be improved. The
headspace technique has two ways. One is dynamic[7-

11] (purge and trap) with lower detection limit, but
the analytical period is too long and needs special
facilities. The other is static[11-19] (vapor-phase extrac-
tion) which has been applied widely. Compared with
the dynamic the static has some particularly advan-
tages when they are used to analysis the residual sol-
vents in pharmaceuticals. Not only has the analyti-
cal procedure been simplified, but also with short
analytical time. The key problem is the headspace
concentration is too low. This paper mainly discussed
the factors effect on static headspace gas chroma-
tography.

Principle
In isothermal and hermetical vapor-liquid phase

system in which the volatile chemicals reached to
equilibrium, the relationship among headspace con-
centration, distribution constant and vapor-liquid
phase ratio according to the conservation of  mass is
below:

Cg = C0 / (βββββ + K) (1)
Where β is the phase ratio, the ratio between the

volume of the gas phase (Vg) and that of the liquid
phase (Vw) (β = Vg/Vw) K is the distribution con-
stant, the ratio of the equilibrium concentration of
a solute in the liquid phase (Cw) to that in the vapor
phase (Cg) in chromatography (K=Cw/Cg). Therefore,
the inverse of  K is equal to the Henry’s constant. It
can be seen from equation (1) that as long as deter-
mining Cg, we can obtain the original concentration
of volatile organic compounds in water (C0).

EXPERIMENTAL

Apparatus and reagents

The headspace apparatus included GC-4009 Gas
Chromatograph with a flame ionisation detector
(FID) (Beijing East & West Analytical Instruments,
China), N2010 processing station (Zhejiang Univer-

sity Zhida Information Engineering Co., Ltd,
Hangzhou, China), AG-1605 air pump (Beijing Keep-
Science Analysis Sci & Tech Co.Ltd. Beijing, China),
1102GC column oven (Shanghai Analytical Instru-
ments, Shanghai, China), 1.0 ml injectors (Shang-
hai-mishawa medical Co.Ltd. Shanghai, China),
headspace vials (12.6 ml, self-prepared), PTFE
coated butyl rubber septa (Agilent, USA), Pincher
which was used to press cap stopper (Agilent, USA).
Ethanol (Chromatogram-grade; Purity=99.8,
Kangkede, Tianjin, China), Benzene (chromato-
graphic standard, Beijing chemical plant, Beijing,
China), Sterile water for injection (Pinghu Shapu Aisi,
Zhejiang, China), Sodium chloride (A.R. Pu-
rity=99.5≥, Tianjin University. Tianjin, China).

Headspace gas-chromatography parameters

Gas chromatography was achieved with a capil-
lary column DB-WAX (J&W Scientific, 30 m×0.25
mm I.D×0.25 µm). Nitrogen was carrier gas with a
flow rate of 3.0 ml min-1. Column temperature was
at 50oC . Both the injector and the detector tem-
perature were both at 160oC. The split ratio was 10:
1. The injection volume of the headspace vapor was
1.0 ml.

Procedure
Add certain volume of ethanol-water solution

(80.7 µg ml-1) into headspace vials and close the vi-
als at once and then put them into the oven respec-
tively. When the vials were achieved equilibrium, GC
analyzed 1.0 ml headspace vapor. The benzene-wa-
ter solution was discussed the same as the ethanol-
water solution above.

RESULTS AND DISCUSSION

Influence of  vapor-liquid phase ratio
After lay aside an hour in 25oC the samples were

analyzed by GC. The headspace chromatographic
peak area of ethanol and benzene in different va-
por-liquid phase ratio was shown in figure 1. We
could see that there was little influence on the peak
area of ethanol with the different vapor-liquid phase
ratio. But the peak area of  benzene changed sharply
from 20 to 1.5, which increased six times. The re-
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sults were indicated that there was obvious influ-
ence on headspace concentration through the change
of vapor-liquid phase ratio to the component with
small distribution constant or big Henry’s constant.
This conclusion was the same as the result of calcu-
lation according to eq. (1). Eq. (1) showed that in a
certain vapor-liquid equilibrium system, K and C0

was constant, β was direct proportion to headspace
vapor concentration, in other words, when the liq-
uid phase (Vw) increased, β decreased and Cg in-
creased. So if the injection volume of different
samples was the same, the peak area must increase.
But the peak area for factual samples was also re-
lated with K. If K » β; the eq. (1) was considered as:
Cg ≈ C0/K, there was little influence on the peak
area with the change of sample volume, or the influ-
ence was serious.

Influence of  distribution constant[20]

We could observe the influence of  distribution
constant from format (1). When vapor-liquid phase
ratio was 1.5 and distribution constant was more than
10, the headspace concentration decreased sharply;
meanwhile, when distribution constant was 20, there
was little influence.

Influence of  equilibrium temperature
The equilibrium of vapor-liquid was controlled

by temperature, in headspace GC, there was great
influence on distribution constant K and little on β
with the change of  temperature. We must consider
both of them. In a certain sample system, β was con-

stant, the headspace concentration was inverse pro-
portion to distribution constant K. From eq. (1) we
knew, when K » β, the influence of  temperature was
obvious; when K « β, K increased with the increas-
ing of temperature, but K +β changed a little, so the
change of  the headspace concentration was tiny.
From the results (Figure 2 and Figure 3) of the etha-
nol-water solution and the benzene-water solution
in different temperature after lay aside 30 minutes
we concluded that there was great influence on the
ethanol-water solution with big K, there was little
influence on the benzene-water solution with small
K, in other words, when K < 5, there was meaning-
less to enhance headspace concentration depending
on increase of equilibrium temperature.

Influence of  equilibrium time

The analysis cycle of headspace GC usually lived
up to equilibrium time, so to decrease equilibrium
time was the key to improve the speed of headspace
GC. Equilibrium time was rested with the diffusion
speed of  determined component molecule from
sample solution to vapor phase. The faster the diffu-
sion speed was, the higher the molecular-diffusivity
and the shorter the equilibrium time was. In addi-
tion, the molecular-diffusivity depended on the size
of molecules, the viscidity of medium and tempera-
ture. The higher the temperature was, the lower the
viscidity of medium was and the higher the molecu-
lar-diffusivity was. So to increase the temperature
could save equilibrium time. When equilibrium tem-
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Figure 6: Effect of inorganic salt on headspace
concentration
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Figure 4: Effect of equilibrium time on headspace
concentration for benzene

perature was at 60oC and the phase ratios were 1.5
and 20, the influence on ethanol and benzene were
shown in figure 4 and figure 5. The results were indi-
cated that the higher the phase ratio was, the shorter
equilibrium time was. For component with small K,
to decrease phase ratio could enhance Cg greatly and
prolonged equilibrium time; the component with big
K, to decrease phase ratio had little effect on in-
creasing headspace concentration. So in the system
with small K, we could save equilibrium time de-
pending on enhancing phase ratio.

Influence of  inorganic salt
Activity coefficient (γ) could describe the inter-

action between solute and solvent molecule. The dis-
tribution constant was inverse proportion to the va-
por pressure multiplied with activity coefficient:
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Figure 3: Effect of equilibrium temperature on
headspace concentration for benzene
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Figure 5: Effect of equilibrium time on headspace
concentration for ethanol
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K=1/ (p·γ), so we could increase the headspace
concentration by increasing activity coefficient. The
common way was to add inorganic electrolyte into
sample water solution that is so called salting-out
effect. This way could also effectively reduce the
matrix effect in factual sample. To add 0.0, 0.2, 1.0,
and 1.5 g NaCl to headspace vials, respectively, and
then add 5.0 ml of ethanol solution (80.7 µg ml-1)
and 5.0 ml of benzene solution (0.879 µg ml-1), lay
aside 30 minutes in 40oC .The relationship between
headspace peak area of ethanol and benzene and
the concentration of NaCl, was shown in figure 6.
We found that salt with low concentration had no
influence. So we chose high concentration or satu-
rated salt solution. When the phase ratio was 1.5,
NaCl could make headspace chromatographic peak
area of ethanol enhance three times, but little on
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benzene, it was shown that the salting-out effect is
selective, generally the influence on the polar com-
ponents was greater than on the non-polar compo-
nents.

CONCLUSION

In this paper, we introduced the mechanism of
static headspace gas chromatography. Compared with
the dynamic the static has some particularly advan-
tages when they are used to analysis the residual sol-
vents in pharmaceuticals. Not only has the analyti-
cal procedure been simplified, but also with short
analytical time. This method has been applied to the
determination of  various volatile residual solvents
in pharmaceuticals.
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