
Gas Chromatographic Analysis of TDI, MDI and HDI Using

2-Chlorobenzyl Alcohol and 2,4-Dichlorobenzyl Alcohol Derivatives

Objectives: The objective of this study was to propose the
total isocyanate analytical method which involves derivation of
2,4-toluene diisocyanate(2,4-TDI), 2,6-toluene diisocyanate(2,6-
TDI), 4,4'-methylenediphenyl diisocyanate(4,4'-MDI) and 1,6-
hexamethylene diisocyanate(1,6-HDI) using 2-chlorobenzyl
alcohol(2-CBA) or 2,4-dichlorobenzyl alcohol(2,4-DCBA), and
analyzing of hydrolysate of the synthesized urethane with the
gas chromatography(GC)/flame ionization detector(FID),
GC/pulsed discharge ionization detector-electron capture
detector(PD-ECD) and GC/mass selective detector(MSD). 

Methods: Urethanes were synthesized by reacting 2,4-TDI,
2,6-TDI, 4,4'-MDI and 1,6-HDI to 2-CBA or 2,4-DCBA.
Urethanes was verified by TLC, HPLC/UVD and GC/MSD.
For field application, the most suitable condition that 2-CBA
coated in glass fiber filter removed completely and urethanes
were not removed was searched. 2-CBA generated from
hydrolysis of urethanes according to hydrolysis conditions.
Diisocyanates were collected on field air and analyzed.

Results:  Urethanes which were white and solid phase
synthesized by reacting 2,4-TDI, 2,6-TDI, 4,4'-MDI, 1,6-HDI
and 2-CBA or 2,4-DCBA. And urethanes were verified by
TLC, HPLC/UVD and GC/MSD. The most suitable conditions
to remove 2-CBA coated in glass fiber filter were 87 and 20
mmHg and urethanes were not removed under same condition.
Hydrolysis yields of urethanes were 99 % to 111 %. 2-CBA, the
hydrolysate of urethanes was analyzed by GC/FID, GC/PD-
ECD and GC/MSD.

Conclusions: Simultaneous analysis of 2,4-TDI, 2,6-TDI,
4,4'-MDI and 1,6-HDI deriving with 2-CBA and 2,4-DCBA,
along with a total isocyanate analysis, was feasible with
GC/FID, GC/PD-ECD and GC/MSD. This result will be a
guide of further study on total isocyanate analysis.

total isocyanate, TDI, MDI, HDI, urethane, gas
chromatography
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4,4' 4,4' MDI 1,6
1,6 HDI

Organization for Economic Cooperation and
Development, OECD high production volume HPV

OECD, 2004

Bernstein, 1982; NTP, 2002
TDI 2,4 TDI 2,6 TDI

TDI 2,4 TDI 2,6 TDI
99.5 % 0.5 % 80 % 20 % 65 %

95 % 80 % 20 % WHO 1987

2,4 TDI 2,6 TDI
2,6 TDI Rando

1984 2,6 TDI 2,4 TDI
10 2003

2,4 TDI

IHS, 1988; Sittig, 1985 International
Agency for Research on Cancer, IARC
TDI Group 2B, 4,4 MDI Group 3
IARC, 1999a; IARC, 1999b National

Toxicology Program, NTP TDI Group B
NPT, 2005 Union Carbide 1984
12

American Conference of Governmental Industrial Hygienist,
ACGIH
Threshold Limit Value Time Weighted Average TLV TWA
0.02 ppm 0.047 mg/m3 2,4 TDI 2,6 TDI

TLV TWA 0.005 ppm 0.036 mg/m3 MDI
TLV TWA 0.005 ppm 0.051 mg/m3 HDI
TLV TWA 0.005 ppm 0.034 mg/m3

ACGIH, 2005 2,4 TDI
4,4' MDI 0.005 ppm

2002

0.02 mg NCO/m3 STEL
0.07 mg NCO/m3 HSE, 1987

NCO
dimer trimer

Marcali, 1957

Mao 2000 1
2 pyridyl piperazine

high
performance liquid chromatography, HPLC ultra
violet detector, UVD fluorescence detector,
FD OSHA, 1989

HPLC electrochemical detector, ECD
HPLC UVD NIOSH, 1994

tryptamine 
HPLC FD ECD

NIOSH, 1998
NIOSH

9 anthracenylmethyl 1 piperazinecarboxylate
sodium thiomethoxide 9

anthracenylmethyl methyl sulfide HPLC UVD FD

1999; Roh, 2000
2,4 TDI 2,6 TDI

4,4 MDI 1,6 HDI 2 2 CBA
2,4 2,4 DCBA

gas chromatography, GC
flame ionization detector, FID GC

pulsed discharge ionization detector electron
capture detector, PD ECD GC mass selective
detector, MSD 3

99 %, BA 99 %,
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BC) 2 CBA 99 % 2,4 DCBA 99 % 1 99.9 %
35 % 97 % 99 % 99

% 95 % 99.8 % 99.9 %
99 %, MIBK 99.9 %

99 % 99 % 2,4 TDI 98 %
2,6 TDI 97 % 4,4' MDI 98 % 1,6 HDI 98 %
Aldrich USA 99.9 %, ACN Fisher

scientific USA 99.8 % EM USA
Banstead USA

thin layer chromatography, TLC silicagel 60F
254 Merck, Germany

Description

Detector
Detection wavelength
Injection volume
Flow rate
Column
Column Temperature
Mobile Phase

Ultraviolet Detector
210nm
1 5 uL

1.0ml/min
Discovery ODS(250 4.5 5, 120 , endcapped)
40
MeOH

Condition

2,4-TDI 2(2-CBA) 4TC-urethane

2,6-TDI 2(2-CBA) 6TC-urethane

4,4’-MDI 2(2-CBA) MC-urethane

1,6-HDI 2(2-CBA) HC-urethane

2,4-TDI 2(2,4-DCBA) 4TD-urethane
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2 CBA 2,4 DCBA
GC FID Hewlett Packard 5890 series , USA GC PD
ECD PD C2, Valco, USA GC MSD HP 5972 series,
USA UV
spectrophotometer Shimadzu UV 160A, Japan

GC

1 TLC
2,4 TDI 2,6 TDI 4,4 MDI 1,6

HDI 2 CBA 2,4 DCBA 1 mole 5
mole 60 2,4
toluene di 2 chlorobenzyl urethane 4TC urethane 2,6
toluene di 2 chlorobenzyl urethane 6TC urethane 4,4'
methylene diphenyl di 2 chlorobenzyl urethane MC
urethane 1,6 hexamethylene di 2 chlorobenzyl urethane
HC urethane 2,4 toluene di 2,4 dichlorobenzyl

urethane 4TD urethane 24
60

2

Fig. 1
TLC

2,4 TDI 2,6 TDI
1 mg/mL 4,4 MDI 1,6 HDI 10 mg/mL

10 mg/mL TLC
1:0, 1:1, 1:2, 0:1 v/v

retardation factor, Rf

2

HPLC UVD

HPLC UVD Table 1

3 2 CBA
2 CBA 10 mg/mL
5 mg/mL 

2 CBA
2 CBA

2
CBA MIBK GC PD ECD

2 CBA 4TC urethane 6TC urethane
MC urethane HC urethane 70 87 20
mmHg 0, 1, 2, 3 MIBK

GC PD ECD UV
spectrophotometer

4
1 2 CBA

MIBK
4TC urethane

25 
HCl H2SO4 1, 3, 5

N
4TC urethane

0.5 mg/mL 30
MIBK 2 CBA

BA
0.5 g 10

1 mL
0.2 g 10 GC FID

GC MSD

10 mg/mL 0.1 mL 0.1 N
HCl 0.7 mL, 1.0 mL 1.3 mL

2 mL 30

GC FID GC MSD
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4TC urethane 6TC
urethane HC urethane MC urethane 4TC urethane 
MC urethane 8:2, 5:5, 3:7 1:9 w/w

10 mg/mL 0.1 mL 1.2 mL 0.1
N HCl 0.7 mL

GC FID GC MSD

2 2,4 DCBA
MIBK

2 CBA GC PD ECD 2,4 DCBA
4TD urethane

25 87 
95 HCl

H2SO4 , 3, 5N
4TD urethane 10 mg/mL

0.5 mg/mL 30
2 CBA GC FID

87 95
4TD urethane

4TD urethane
10

mg/mL 0.1 mL 1 N HCl 1.9 mL

0.1 mL, 0.4 mL 0.9 mL 2 mL

95

4TD urethane
10 mg/mL 0.1 mL 1 N HCl

1.9 mL
0.9 mL 95 

GC FID

5 2 CBA 2,4 DCBA GC FID GC PD ECD 
2 CBA

MIBK BA 500 mg/L
2 CBA 2.5, 5, 10, 50, 100, 500, 1,000 mg/L

2,4 DCBA 10, 50, 100, 500, 1000 mg/L
GC FID

GC FID

limit of detection, LOD NIOSH
NIOSH, 1995

MIBK BC 500 mg/L 2 CBA
10, 100, 500 mg/L 2,4 DCBA

0.25, 0.5, 1, 10, 100 mg/L GC PD ECD

limit of detection, LOD
GC FID

GC FID GC PD ECD Table 2

6 2 CBA GC MSD
2 CBA 4TC urethane 6TC urethane MC urethane HC

urethane 2 CBA
2 CBA 4TC urethane

6TC urethane MC urethane HC urethane
GC MSD Table 2

4TC-urethane,
6TC urethane MC urethane HC urethane 4TD urethane

4TC urethane
6TC urethane MC urethane HC urethane 4TD urethane

71.7 %, 79.6 %, 92.5 %, 96.9 % 90.6 %
245 

TLC

Table 3

2,4 TDI 2,6 TDI 4,4 MDI 1,6
HDI

4TC urethane 6TC urethane MC urethane HC urethane
4TD urethane 99.9 %, 99.9 %,

99.9 %, 99.5 % 98.9 %
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70 20 mmHg 2
CBA GC PD ECD 3

1 % 87 
20 mmHg 2 CBA 1

. 87 20 mmHg 4TC
urethane, 6TC urethane, MC urethane, HC urethane 3

1 2 CBA
1

4TC urethane
GC FID Table 4

GC MSD
53.6 4.8 % 96.1

3.4 % MIBK 101.5 3.8 %
n 5 MIBK

Detector
Injection volume
Column

Carrier gas
Split ratio

Range(10N)
Gas flow rate
Temperature

FID

BP-21 (25 m 0.32
mm 0.25 ), polar

N2

1.7 : 60

0
1.7 mL/min

Oven 70 for 1 min 
20 /min to 230 

for 5 min
Injector temp.: 100 
Detector temp.: 240 

PD-ECD
1.0 uL

BP-21 (25 m 0.32 
mm 0.25 ), polar

He
splitless

0
1.7 mL/min

Oven 70 for 1 min 
10 /min to 230 
for 5 min(2 CBA)

Oven 70 for 1 min 
20 /min to 230 

for 5 min(2,4 DCBA)
Injector temp.: 100 
Detector temp.: 250 

MSD

DB-WAXetr (30 m 
0.25mm 0.25 ), 

high polarity

He
Purge vent : 3.5 mL/min
split vent : 16.3 mL/min

1.47 mL/min
Oven 60 for 2 min 
10 /min to 240 

for 4 min
Injector temp.: 240 
Detector temp.: 280 

Description Condition

Developing solvent
(acetone : toluene, v/v)

2,4-TDI
2,6-TDI
4,4 -MDI
1,6-HDI
2-CBA
2,4-DCBA
4TC-urethane
6TC-urethane
MC-urethane
HC-urethane
4TD-urethane

1 : 0

0
0
0
0

0.694
0.466
0.764
0.714
0.726
0.694
0.554

1 : 1

0
0
0
0

0.662
0.333
0.681
0.667
0.652
0.639
0.387

1 : 2

0
0
0
0

0.644
0.173
0.603
0.575
0.653
0.630
0.203

0 : 1

0
0
0
0

0.129
0.156
0.086
0.087
0.087
0.086
0.077



228

2
4TC urethane 6TC urethane MC urethane HC urethane

GC FID Table 5
Table 6 GC MSD

2 2,4 DCBA
1 MIBK

4TD urethane 87 
4TD urethane

Table 7 43.2 % 65.9 % 1N HCl
87 1

95 4TD urethane
25.9 % 49.6 % 87 
1N HCl 95 

1

4TD urethane
53.7 % 60.7 %

0.9 mL

66.1 % 76.9 %
0.9 mL

0.9mL 95 
4TD urethane 76.9

% 126.1 % 1
95.9 %

4TD
urethane MIBK

Table 8 57.3 % 58.2 %

2
4TD

urethane 95 

GC Table 9 34.5 % 
50.8 % 1

Hydrolysis solvent

1N HCl
3N HCl
5N HCl
1N H2SO4

3N H2SO4

5N H2SO4

Rates of hydrolysis(Mean S.D), %

101.06 4.69 %
99.70 3.84 %
100.59 4.17 %
98.14 3.42 %
101.26 3.36 %
99.89 4.87 %

Urethane

4TC-urethane
6TC-urethane
MC-urethane
HC-urethane

102.4 1.7
109.7 12.8
99.2 6.8

107.2 9.5

100.9 4.1
106.5 9.2
99.9 5.9
107.8 5.8

110.4 1.4
111.3 1.4

102.2 6.9

Rates of hydrolysis(Mean S.D), %

HCl add 0.7 mL HCl add 1.0 mL HCl add 1.3 mL

Composite urethanes
rate

8 : 2
5 : 5
3 : 7
1 : 9

103.9 7.7
103.9 4.3

-
106.7 5.6

101.4 6.4
99.3 4.5
96.8 1.7

100.7 4.6
100.0 2.3
96.9 3.1

Rates of hydrolysis(Mean S.D), %

4TC-U. : 6TC-U. HC-U. : MC-U. 4TC-U. : MC-U.
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GC FID
6.7 2 CBA 2,4 DCBA

8.2 9.6 4TC urethane 6TC
urethane MC urethane HC urethane

2 CBA 8.2
2 CBA 2,4 DCBA GC FID

Fig. 2 2 CBA 2,4 DCBA
GC FID y 7680x
10888 R2 0.9999 y 6801.5x 99813 R2 0.9995

NIOSH 2 CBA 2,4 DCBA
9.69 g/mL 32.7 g/mL

GC PD ECD
2 CBA 6.0 2,4

DCBA 4.6 2 CBA 2,4
DCBA 12.9 9.7

2 CBA 2,4 DCBA GC PD ECD
Fig. 3 2 CBA 2,4 DCBA GC/PD ECD

y 2513.8x 
2262.1 R2 0.9999 y 268053x 51780 R2 0.9999

NIOSH 2 CBA 2,4
DCBA 11.0 g/mL 0.63 g/mL

2 CBA 4TC urethane 6TC urethane MC urethane HC
urethane GC MSD scan mode
15.8, 16.3, 16.4, 16.4 16.4 4TC
urethane 6TC urethane MC urethane HC urethane

459, 459, 535 453
m z 453, 457, 534 458

2 CBA 142

Hydrolysis solvent

1N HCl
3N HCl
5N HCl
1N H2SO4

3N H2SO4

5N H2SO4

49.4 2.1
57.4 11.1
52.4 1.5
47.4 0.7
47.0 1.8
52.4 3.3

65.9 15.7
45.7 0.7
43.7 1.9
49.6 0.6
54.2 8.6
52.8 2.7

53.8 10.3
49.5 4.2
43.2 5.0
54.3 3.5
55.0 1.4
56.1 5.1

Rates of hydrolysis(Mean S.D), %

0 hr 1 hr 2 hr

Kind of cellosolve

Cellosolve add(0.9ml)

Methyl cellosolve
Ethyl cellosolve
Butyl cellosolve

57.3 2.8
57.5 0.9
58.2 2.4

Rates of hydrolysis(Mean S.D), %

Rates of hydrolysis(Mean S.D),%

0hr 1hr 2hr

Methyl cellosolve
Ethyl cellosolve
Butyl cellosolve

50.4 14.9
34.5 2.6
36.7 5.1

50.8 20.2
37.9 1.7
44.6 2.8

47.2 4.4
37.7 0.4
47.7 2.3

Hydrolysis solvent(1N HCl)



4TC urethane 6TC urethane MC urethane
HC urethane GC MSD SIM mode

2 CBA 16.0
m z 142 m z

77, 78, 107 4TC

urethane 6TC urethane MC urethane HC urethane
2 CBA Fig. 4

NIOSH 0.38 g/mL

230

B,A

2-CBA

117.505

91.905

66.305

40.705

15.105
4.865

-10.495

0.00 2.80 5.60 8.40 11.20 14.00

Retention Time
B,A

2,4-DCBA

230.320

179.120

127.920

76.720

25.520
5.040

-25.680

0.00 2.80 5.60 8.40 11.20 14.00

Retention Time

B,C

2-CBA

604.840

502.440

400.040

297.640

195.240
154.280

92.840

0.00 4.40 8.80 13.20 17.60 22.00

Retention Time

B,C

2,4-DCBA

606.625

504.225

401.825

299.425

197.025
156.065

94.625

0.00 2.80 5.60 8.40 11.20 14.00

Retention Time



231

2,4 TDI 2,6 TDI 4,4 MDI 1,6 HDI 2
CBA 2,4 DCBA 4TC urethane 6TC
urethane MC urethane HC urethane 4TD urethane

2 CBA 2,4 DCBA GC FID GC PD ECD
GC MSD

4TC urethane 6TC urethane MC
urethane HC urethane 4TD urethane

5
TLC

245 
245 

4TC urethane

0.1 N
0.1 N 

2 CBA
2,4 DCBA 2,4 TDI

2,4 DCBA

GC FID GC PD ECD GC MSD 2 CBA
2.5 g/mL 10 g/mL 0.01 g/mL

1.5 L/min 6

2,4 TDI 5.67 g/ 2.27
g/ 0.0227 g/ ACGIH 2,4 TDI

TLV TWA ACGIH, 2002 0.005 ppm 36 g/
2,4 TDI 2,6 TDI 4,4 MDI 1,6 HDI

GC FID GC PD
ECD 2,4 DCBA 10 g/mL

0.25 g/mL GC PD ECD

2,4 TDI 2,6 TDI 10

HSE, 1987
Roh, 2000

2,4 TDI 2,6 TDI 4,4
MDI 1,6 HDI

2,4 TDI 2,6 TDI
4,4 MDI 1,6 HDI 2 CBA 2,4 DCBA

GC

1 2 CBA 2,4 TDI 2,6 TDI 4,4 MDI 1,6 HDI
GC FID GC PD ECD

GC MSD
2 GC FID GC PD ECD GC MSD 2 CBA

2.5 g/mL 10 g/mL 0.01 g/mL
1.5 L/min 6

TDI 5.67 g/
22.7 g/ 0.0227 g/ ACGIH TDI TLV
TWA 36 g/ TLV TWA

1 1000
GC

3 GC FID GC PD ECD 2,4 DCBA
10 g/mL 0.25 g/mL GC PD ECD

4
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