
Fig. 1 HS Gas Chromatogram of Class 3 Solvents in Water

Fig. 2 HS Gas Chromatogram of Class 3 Solvents in DMSO

Fig. 3 HS Gas Chromatogram of Class 3 Solvents in DMF

* The vertical axis is enlarged by 8 times compared to Fig.1.

* The vertical axis is enlarged by 8 times compared to Fig.1.
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There are two methods of analyzing residual solvents 
in pharmaceuticals: a method where the 
pharmaceutical is dissolved in a solvent and the 
solution is directly injected to GC, and a method where 
the solution is enclosed and heated in a vial and the 
evaporated gas phase is analyzed by GC. The latter 
method is called the headspace GC.

In headspace GC, the sensitivity to the target solvent 
components largely depends upon the degree to 
which they evaporate into the gas phase by being 
heated in the vial. 

The amount of components evaporating into the gas 
phase differ depending on the type of solvent used to 
dissolve the pharmaceutical (dilution solvent in the 
case of standard solution), due to the difference in 
solubility of the target components in the solvent.

Application News G209 introduced an example of 
analyzing Class 1 and 2 solvents to investigate the 
differences in sensitivity depending on the dilution 
solvent used for analysis. This Application News 
introduces analysis of some Class 3 solvents. 

The dilution solvents examined were water (stipulated 
in the USP and EP), DMSO (stipulated in the USP), 
and DMF (stipulated in the EP). These solvents were 
also used in Application News G209.

For each component, a standard solution of 100ppm 
concentration was enclosed and heated in a vial. The 
heating conditions were: 80˚C and 60minutes for water 

and DMSO (specified in the USP, specified in the EP 
for water), and 105˚C and 45minutes for DMF 
(specified in the EP).

Table 1 shows the relative sensitivity, with the peak 
area for each component taken to be 1 when water is 
used as the dilution solvent. ([>1] indicates greater 
sensitivity than water, and [1/100>] indicates 
sensitivity below 1/100th that of water.)

The analytical conditions are shown in Table 2. (The 
same conditions as Shimadzu Application News 
G209.)

■ Headspace Gas Chromatography for Class 3 Solvents

Analysis of Residual Solvents in Pharmaceutical Products (Part 6)
Comparison of Headspace GC Sensitivity depending on Dilution Solvents (Class 3 Solvents)

Table. 1 Relative Sensitivity when Using DMF or DMSO (Compared to Water)
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Fig.4 Chromatograms of DMF and DMAc in Water and DMI Solutions

Fig.5 Chromatogram of  Class1 and Class2 Chlorinated Solvents in DMI Fig.7 Chromatogram of  Class3 Solvents in DMI

* The vertical axis is enlarged by 8 times compared to Fig.1.

Fig.6 Chromatogram of  Class1 and Class2 Non-Chlorinated Solvents in DMI

No.G223

SHIMADZU  CORPORATION.  International  Marketing  Division
3.  Kanda-Nishikicho  1-chome,  Chiyoda-ku,  Tokyo  101-8448,  Japan    Phone: 81(3)3219-5641    Fax. 81(3)3219-5710
Cable  Add.:SHIMADZU TOKYO

Printed in Japan 3100-08501-10A-IK

The European Pharmacopoeia (EP) section 2.4.24 
“Identification and Control of Residual Solvents” 
specifies the following three dilution solvents.

•Sample preparation 1 (Pharmaceuticals soluble in 
water)
Dilution solvent : Water; heat at 80˚C for 60minutes

•Sample preparation 2 (Pharmaceuticals insoluble in 
water)
Dilution solvent : DMF; heat at 105˚C for 45minutes

•Sample preparation 3 (solvent component to be 
analyzed is DMF or DMAc)
Dilution solvent : 1,3-dimethyl-2-imidazolidinone

 (DMI); heat at 80˚C for 45minutes

DMF and DMAc (100ppm each) were analyzed in 
water and DMI solvents. The water solution was 
heated at 80˚C for 60minutes, and DMI solution 80˚C 
for 45minutes, and the headspace was analyzed. Fig.4 
shows the obtained chromatograms. DMF and DMAc 

were not detected in the water solution, while they 
were detected in the DMI solution.

The column used in this analysis was a DB-WAXETR 
(50m × 0.32mm I.D., film thickness 1.0µm). The other 
analytical conditions were in accordance with Table 2.

■ Headspace Gas Chromatograms of DMF and DMAc in Water and DMI

The Class 1 and 2 solvents introduced in Application 
News G209, and the Class 3 solvents analyzed above 
were analyzed by headspace GC using DMI as the 
dilution solvent. The obtained chromatograms are 
shown below. The analytical conditions are shown in 
Table 2 (the same as G209).

Apart from DMF and DMAc, which were already 
analyzed above, there were no components that could 
achieve a particularly good sensitivity when using 
DMI, compared to when using other dilution solvents. 
(Tetrachloromethane (CCl4) was virtually undetected 
with DMI.)

■ Headspace Gas Chromatograms of Solvents in DMI Solution

Table 2 Analytical Conditions

Model
Column

Column Temp
Inj.Temp.
Carrier Gas
Sample
Thermostatting

Headspace
Injection Volume

: TurboMatrix HS-40 + GC-2010
: DB-624  60m × 0.32mmI.D. df: 1.8µm
  (Fig.4 only)DB-WAXETR 50m × 0.32mmI.D.  df: 1.0µm
: 40˚C(20min)-10˚C/min-240˚C 
: 140˚C, Det Temp. : 260˚C
: He,  35cm/sec, Split Ratio : 1:5
: 80˚C 60min (in Water, in DMSO)
: 110˚C 45min (in DMF)
  80˚C 45min (in DMI) 

: 1mL

C
5

A
ct

n

E
tA

c

D
E

E

n-
B

uO
H

is
oP

rA
c

is
oB

uO
H

nP
rA

c

M
iB

K is
oB

uA
c

n-
B

uA
c

IP
A

M
eA

c

M
T

B
E

n-
P

rO
H

M
E

K

C
7

E
tO

H

5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 min

0.00

0.50

1.00

1.50

2.00

2.50
(x10,000)µV

is
oA

m
O

H

n-
A

m
O

H

C
6

A
cN

t

M
eO

H

N
tM

e

T
H

F cy
cC

6

14
-D

B
z

12
D

M
O

E
a

M
ec

yc
C

6

P
ry

T
ol

M
B

K

(D
M

I)

m
p-

X

o-
X

E
B

5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 min

0.00

0.50

1.00

1.50

2.00
(x10,000)µV

D
M

A
c

(D
M

F
)

Since it existed in blank, DMF was superfluously detected in this analysis

C
R

F

D
C

M

11
D

C
E

y

11
1T

C
E

a
(C

C
l4

)
12

D
C

E
a T
C

E
y

C
lB

z

(D
M

I)

5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 min

0.00

0.50

1.00

1.50

2.00

2.50
(x10,000)µV

D
M

F
D

M
A

c

DMI Solutions

Water

5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 min

0.00

0.50

1.00

1.50

2.00
(x10,000)µV


