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Simultaneous determination of ten organotin compounds
in polyvinyl chloride plastics using
gas chromatography-mass spectrometry
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Abstract A rapid and effective gas chromatography coupled with mass spectrometry method
has been developed systematically and studied for the simultaneous determination of 10 organo-
tin compounds dibutyltin-dichloride DBT  n-butyltin-trichloride MBT triethyltinchloride
TET fentin-chloride TPhT chlorotributylstannane TBT tri-n-propyltinchloride
TPrT diphenyltin-dichloride DPhT tetrabutyltin TeBT di-n-octyltin-dichloride
DOT  phenyltin trichloride MPhT in polyvinyl chloride PVC plastics. The PVC sample
was dissolved with tetrahydrofuran and the polymer in the sample was precipitated with metha-
nol and then the target compounds were derivatized with sodium tetraethylborate and extrac-
ted with hexane under ultrasonication. The qualitative and quantitative analysis were carried
out by GC-MS and the total ion chromatogram and selected ion chromatogram were obtained.
The derivatization and extraction conditions such as the derivatization time derivatization pH
value dosages of derivatization reagent and precipitation reagent were optimized. The good lin-
earities recoveries and precisions were obtained. The linearity ranges were 0.5 - 50 mg/L.
The linearity correlation coefficients of 10 organotin compounds were between 0.997 8 and
0.999 7. The average recoveries were 84.23% — 109. 1% with relative standard deviations of
4.24% —10. 75%. The established method has been successfully applied to the determination of
organotin compounds in PVC plastics.
Key words gas chromatography-mass spectrometry GC-MS  organotin compounds polyvi-

nyl chloride plastics
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20 60 phenyltin trichloride MPhT 92.5%
70 Dr. Ehrenstorfer
20 =98% Strem Chemicals
80
1.2
GC DB-5MS 30 m x0.25 mm x
0.25 pm 50
GC HPLC T 1 min 10 C/min 200 C
AAS AES MS 20 C/min 250 C 5 min
FID FPD o4 20 C/min 300 C 4 min
280 C > 99. 999%
S-14 1.0 mL/min 3.0 min
PVC 54 mL/min
160 C MS EI
15 70 eV 230 C 300 C
6 min 50 ~650 u
SIM
1
PVC 1
Table 1 Condition of selected ion monitoring
for organotin compounds
GC-MS Group Start time/min Compounds Selected ions m/z
PVC 1 0.00 - solvent delay
2 6.00 TET 207 205 177 179
3 8.50 MBT TPrT 235 233 179
177 249 247
10 4 12.00 DBT 263 261 207 205
5 13.00 MPhT TBT 255 253 197
195 291 289
15.00 TeBT 291 289 179 177
1 17.00 DPhT DOT 303 301 197 195
375 373 263 261
1.1 8 21.00 TPhT 351 349 347 197
Agilent 7890A-5975C -
DELTA320A 1.
HETTICH ROTINA35 1.3.1
CQ-250 10
dibutyltin-dichloride DBT 5 g/L
99. 0% n-butyltin-trichloride 2 mL
MBT 96. 0% triethyltin-chlo- 100 mL
ride TET 99. 0% fentin- 0.1 g/L
chloride TPhT 96. 0% chlo-
ro tributylstannane TBT 96. 5% 1.3.2
tri-n-propyltin chloride  TPrT 200 mg 10 mL
99. 0% diphenyltin-dichloride 2%
DPhT 97. 0% tetrabutyltin
TeBT 99. 0% di-n-octyltin- 10%
dichloride DOT 99. 0% 12 h
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Table 2 Formulas retention times and characteristic
1.4.1 . .
ions of 10 organotin compounds
1 mL 25 mL 5 Peak No. . Characteristic
o Compound  Formula t/min R
mL NaAc-HAc pHS5.0 2 mL 2% in Fig. 1 lons  m/z
. 1 TET C;H,;CISn 8.169 207 205 179 177
15 min 2 mL i
2 MBT C,H,Cl3Sn  10.609 235 233 179 177
10 min 3 TPrT CyH,, CISn  11.500 249 247 235 233
4 DBT CyH;CL,Sn 12.752 263 261 207 205
1.4.2 5 MPhT C¢H;ClL,Sn  14.026 255 253 197 195
PVC 05 6 TBT C,H,,CISn  14.598 291 289 207 205
- cm X 7 TeBT C,¢HySn 16.174 291 289 179 177
0.5 cm 0.5¢g 8 DPhT C,H,,CLSn 18.356 303 301 197 195
0.001 g 50 mL 5 mL 9 DOT C¢H;,ClLSn 19.938 375 373 263 261
. 10 TPhT CgH;sCISn  22.083 351 349 347 197
20 min 10 S
mL
2.2
25 mL 2 mL
2.2.1
3
10 mL 25 mL .
1 mL 5 10 15 20 min
“1.4.17 ; .,
1.4.1 2
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Fig. 1 Selected ion monitoring chromatogram of
a mixture of 10 organotin compounds 1 mL pH 3.6 4.0
For peak identifications see Table 2. 455.05.56.0 5 mlL
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Table 3 Effect of buffer pH on the derivatization
of organotin compounds
Compound Peak areas
pH3.6 pH4.0 pH4.5 pH5.0 pH5.5 pH6.0
TET 510901 524506 596256 637045 703467 786223
MBT 448437 488553 561769 637860 706981 738903
TPrT 1254184 1447715 1566571 1760124 1911237 2109506
DBT 12381701440133 1532422 1722443 1829599 2004060
MPHhT 14376761479611 1593325 1781535 1879703 1977129
TBT 11947441408700 1476501 1672976 1790748 1852991
TeBT 13397201574163 1643907 1841372 1984779 2030932
DPhT 25742662765444 2820043 3189285 3465678 3332961
DOT 10904631367027 1351017 1630859 1623753 1620643
TPhT 22230732608823 2596089 3110346 3523403 3063215
TCyT 10352251288186 1289028 1599032 1779546 1555412
2.2.3
6 0.5g 50 mL
5 mL 20 min
5 10 15 20 mL
105 C
30 min 10
mL
10 mL
2.3

0.1 0.25 0.5 1.0 2.5

5 10 25 50 mg/L

“1.4.17 GC-MS
X mg/L
Y 4
10 0.5 ~50
mg/L
3
0.001 ~0.1 mg/L 4
2.4
0.5 g PVC 27
1 mg/L
0.51 5mL * 1.4.2”
GC-MS 10

84.23% ~109. 1%
4.24% ~10.75%

4 10

Table 4 Regression equations and detection limits

of organotin compounds

. . linear LOD/
Compound Regression equation
range mg/kg
TET Y =1452408X — 646946 0.5-50 0.9978 0.1
MBT Y =781979X - 118450 0.25-50 0.9996 0.1
TPrT Y =436622X +22986 0.1-50 0.9997 0.1
DBT Y =901073X - 101715 0.25-50 0.9994 0.1
MPhT Y =835071X - 161491 0.25-50 0.9990 0.01
TBT Y =190344X —-8988.4 0.1-50 0.9997 0.1
TeBT Y =1167280X - 106016 0.1-50 0.9994 0.1
DPhT Y =1970354X - 823291 0.5-50 0.9986 0.001
DOT Y =845008X - 308870 0.5-50 0.9986 0.1
TPhT Y =1445556X —338549 0.25-50 0.9993 0.1
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Fig. 3 a Total ion current chromatogram and b

selected ion monitoring chromatogram of a

real sample spiked with standard solution

Spiking level 1 mL of 10 mg/L mixed standard solution.

For peak identifications see Table 2.
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