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2.1 HEBRURA

THF BRFERTER 27 F LBIERZ AL,
~FEYVY, =X AR EOBBEII T CHEMET
FUREEXRBAZERA LA, PMB 3#EE{bRITE
o THF ## Q2mol) # 2o MAL, fhoRE
BRI RTRERAEZERALE. X, EBAS{tEYD
BEAZEIENLIY 752X, KBIELFY S 7 r~F
VHAARRTELL Y 7 = =2 L R X2V T IRFIEHE
TEHN, “HBEY7FARAXRIERIERIEYSY, 7oft
DORAEEIX Aldrich HoWE /2 + 0 F EHEAL .

2.2 FAREOMRY
BIEMELT, 2F ARSI BEE T EH 2.5
pg/l, =FA, TFA, ~Fo A, T2=ARBRUOF
FAAREEY 11 B2 rhrh Spg/l Sy ¥y
BHREZRAB L. ZOBEK 0.2~1ml % 25ml L4t
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ml 2z CTRYVIEE, 30 ¥MRELL. KSHBEKRIC
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Lz, 7K 10ml B~y 3ml 2z < BVIR
FTHEL, 2RLET 7 A3 LA R {LEYRHHE
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NESy PTHIORRM ESHBREICB L, BKERF
Vo ATHAKL TRERRBE L.
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HAZm= 757 BEMERS GC-TAM {FPD
(R4:8 600 nm &7 4+ L & —fF %)},

AZAH B - Bba—VLy by H — F R Ultra~2
(crosslinked 5%, phenyl methyl silicone gum, 0.32 mm
i.d.x25 m, df——-0.52pm), Fr VY —=HR : ~YU A
(2 ml/min), #HB/BROKRBEACIEE : 260 °C, » 5
ARE : 70 °C (4min) 5 240 °C iz 4 °C/min ¢ &
BUTHERLE. 27V s b 1/4, A4 27 7%
Z : 30 ml/min.

HAZm= b VS 7/ BESNEB: AXETN
JMS-DX300 Bz, £ a—1v .y brty #— F8 5970 B
HAZw< b Z 72K HELTHERLE.
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&b, THF 15ml %z, ;@WAHSEY €., F LT K
BT 1 RFRRH U, iR R ZRBR & i
D, Be75Aa2%AVB0 THF CHis L, %K EMmb
WxEHeT 20ml FEL Ui

MR 0.1~5ml (I~5pg ©» OTC %4 #»
At X RBEWH Y, PMB o THF %% (1~5ml)
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Z PMB 2L 7c< isb ECHRMLCTESL, 30 4
IR L. RIGERK 0.5M FiEe 10ml %% 4z
2 CGEF o PMB 2/ L TR b B, RIGE#HK % No.
SA DIFTIFAL . BEY, FREVCRBEY 5ml
D=2 ) = ATERLR 2EES LI, FALE. 7
REDR Y B THREHcAh, K 70ml % iz,
~F4 v 10ml ¢ 2 [, FRLEFFSTAFARAR
Zhit Urc. SR KBRS b v v ACRIAK L5
BiEL, Sml AL LT GC BRBBEKE L7
ARBREWK 2pl % GC wEA LT BTC o7 4% 1
et L, BEREREOREREL IR L CRAE, v
—I/BITERLL.
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3.1 ﬁ'ﬂzz{t‘é%@?)l’*}b{b
OTC 7Y =v - L RECHMET S &, Tt
RIERC XD, T3 7AFAARCEEERTS.

R,SnX,_,+ (4—n)R'MgBr
= R,Ri_,Sn+ (4—n)MgBrX
X :OH-, Cl-, CH,COO-, efc.
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30 P ETHIhE, ERHWCT P74+ L AZM(E
MPERShD Z LB L. X, 7V =¥ —ARE

e ° ° A
100l MOTC
—o—g————o——_ DBTC
g - TBTC
S | °
£ DETCrL
£ |l T ~ poTC
= 50f
Q
(o9
O o
o T TOTC
0% 30 100 150 200

Reaction time/min

Fig. 1 Propylation of organotin compounds

DETC : diethyltin dichloride, DBTC : dibu-
tyltin dichloride, TBTC : tributyltin chloride,
MOTC : monooctyltin chloride, DOTC : di-
octyltin dichloride, TOTC : trioctyltin chlo-
ride
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B LUithot. X, F+ETV) =77 20FFHEA
FELT, A7V » PAHREFALLS, FEID
ra=t /5 A0FHEBIZ, C-7RITHETSE,
N EEREZE 2% DTEFEECREFTH . T,
ATY o bHE 1/4 ERES LD EEZLRS.

OTC okt ECD TERECHRIAETHS
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Fig. 2 Typical gas chromatogram of standard
tetraalkyltin compounds

Chromatographic conditions——column : Ul-
tra-2 (0.32mm i.d.X25m, df=0.52m), car-
rier gas : helium (2ml/min), injection temp. :
260 °C, detection temp. : 260°C, column
temp. : initial temp. 70 °C (4 min), 4 °C/min,
final temp. 240°C, split ratio=1/4, sample
size : 21l (Standard solution containing 0.5
pg/ml of methyltin compounds and 1.0pg/ml
of other organotin compounds was injected.).
Peaks : (1) propyltrimethyltin, (2) dimethyl
dipropyltin, (3) methyl tripropyltin, (4) di-
ethyl dipropyltin, (5) tetrapropyltin, (6) tri-
propylbutyltin, (7) dipropyl dibutyltin, (8)
propyl tributyltin, (9) tripropylphenyltin, (10)
tripropyloctyltin, (11) dipropyldicyclohexyl-
tin, (12) dipropyl diphenyltin, (13) dipropyl
dioctyltin, (14) tricyclohexylpropyltin, (15)
propyl triphenyltin, (16) propyl trioctyltin

M X B BENAELRD, TRTOABEAXLEY
FAFEHE LCRBESHTS C LiXR#ETHS. FPD
WA ROT + 57 ¥ L ARXEHTH L TRK
EchHv, ECD BHZHEHEK L GERELARVC £
5, OTC fH¥lo GC BHB L L THEFRREHTS
5. FPD oRIEREEL LT, Y vHBD 7 4 1%
— (300~550 nm) % 600 nm FHB7 4+ L& —1PHMEH
ThTwb2, RERTIE, HEHWBEOKEI VIR
EEL, 600nm FHHR7 12— HERATHIERCL
fe.

OTC o FPD x4 A HHEE X, KFE7v—2sH
DAFE L RGOWEKL T B L.
N TFAARCET B, KRROBRHE & RE OB
i oVTaR L. Fig. 3 offRv8HEC LT, X%
B L FPD RT3, Z2&KIfi% 50 ml/min,
AEFE 90ml/min CFHREL THHTH LicLi.

Fig. 3 it 7 e
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Fig. 3 Relation between air and hydrogen flow

rates for FPD response of tetraalkyltin
compound

A : Hydrogen flow rate was adjusted at 80
ml/min. B: Air flow rate was adjusted at 50
ml/min. *Dipropyl dibutyltin was used.

3.3 HFHRIAZX{EEDOHEY

BAEEEY T, Mgkt BTC ozt
RF-#2 27 - NBEEBERFER THE Lo TW5
2, ZOBE TR D BTC 2Rl =
LIXRERETH 5. AERRTIE, BIEhicksit s BTC
O E B E LT, Eibe = vBIRECR U C i
THBHTE, 7)) =v - ARFEH LCHBERTH bR
EHETHHREEEL, THF LHHEHE L LCHEHRT
T ERC LT

THF cHil U8igskaot, PMB 7 A% a4k L
P, =27 A XBKEBETHI L L - THEX
¥, PRREC - CTRETEk. X, FEB%hoF
FIT AR, —EEOKEMLL LT
XoT, ~FH v CEENCHE IR, Z0BE, &
5 KOBIIHBHRCIIEALEE Uitk otc. L
L, ~FHvHCHE IS THF 822204
£ 3B, FREECIZS Ko 70ml L L
fo. ~F v vl THF RE8CHBIns &,
AT + Y v 2 X BBKBEHEEE 7o b, REBBW
FCHEECEEIBA LY 7 A%{LDER & 5.

3.4 FRINEINRER

iV ATEm LBl = A BEYFE7 A2k
By, 9 OTC EH~ v ¥ v 100wl #FmL
TIRYEBECEMIE, KETHH L T EHIRK ¥ HE
L, &% Table 1 L/;RL7. ThFhEILER 88~99
%, HMXNERERE 2.7~6.8% L B &R B0
. X, T FNARMLEYHROZRER E—ERHRINL
TRE L LY = e, TTRORHRARSE S
WEBHFETA O 7F 12X (DBT) KB THN LickkE
% Table 2 WRL. FERTHW LA BASS
B DI EBRA LEMIBRE Ihich o e, 7
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Table 1 Recovery test of organotin compounds
from polyvinyl chloride resin®
FoundP)/ Recovery®), R.S.D.4),
Compound ™ % %

Diethyltin dichloride 19.9+0.61 99.3 3.0
Monobutyltin

trichloride 17.84:0.88 88.3 4.4
Dibutyltin dichloride 19.04+0.53 99.3 2.7
Tributyltin chloride 19.740.46 98.4 2.7
Monooctyltin

trichloride 18.94:1.10 94.4 5.5
Dicyclohexyltin

dibromide 19.44+1.18 97.1 5.9
Dioctyltin dichloride 18.9+1.17 94.6 5.8
Tricyclohexyltin

hydroxide 19.9+1.35 99.0 6.8
Trioctyltin chloride 18.3+1.17 91.5 5.9

a) 0.2g of resin containing no organotin compounds
was used. b) Added amount of each organotin was
20pg. c) Average from five runs. d) Relative stand-
ard deviation

B
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L 1 t 1 i Il

0 10 20 30 40 50

Retention time/min

Fig. 4 Typical gas chromatograms of dibutyltin
compounds obtained from polyvinyl chlo-

ride product

A : 250 mg of PVC containing 12.5mg/g of
DBT was analyzed. B :2.5mg of the same
samples was analyzed. Chromatographic con-
ditions : the same as those in Fig. 2. Sample
size : 2pl. Peaks: (1) tetrapropyltin, (2) tri-
propylbutyltin, (3) dipropyl dibutyltin

N AR EEHRDOLER ML TRE L -8iEci
TEEOHNERRBE DL 2.3~4.1% L BIEFAHEREMNES
i, Fig. 4 385256 B Ehi- DBT o7 e~ t
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Fig. 5 Mass spectra of dipropyl dibutyltin

A : standard, B : DBT detected from polyvinyl chloride product. Chromatographic conditions——
splitless; sample size : 1pl; other conditions : the same as Fig. 2. Operating conditions of mass
spectrometer——ionization voltage : 70 eV, ionization chamber temp. : 220 °C, separator temp. :

250 °C

Table 2 Contents of dibutyltin compounds in
polyvinyl chloride products

A 0.081~0.184 43804140 2.3
B 0.136~0.742 8170275 3.4
C 0.114~0.252 12500511 4.1
D 0.520 NDD ) —
E 0.500 ND® —

a) DBT were determined as their chloride. b) Aver-
age of five runs. c) Relative standard deviation. d)
Not detectable (<2pg/g). Samples A, B and C are
polyvinyl chloride product containing DBT as stabi-
lizer; D and E are food container made of polyvinyl
chloride.
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FAYF IS ARAEL, Y¥—/EIX0RTRELL.
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&, KEwEsDH OTC ZRiH T5 Dkt rKRe Y
g4k L LTV ¥ v e & OBBEE Y3 5 BB
H5b.

ARELERT HICY 7 >T, PVC REZRYLT
Wi ExELEM) ESFEM ey 2 -MBRBEK, X
R RER YA ARESELICRLEH VL ET.
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Determination of organotin compounds in
polyvinyl chloride products by GC. Katsushige
Takami, Tameo OkuMuRra, Hiroyasu Yamasakr and
Masao Nakamoro (Environmental Pollution Control

KAGAKU

Vol. 37 (1988)

Center, Osaka Prefectural Government, 1-3-62, Naka-
michi, Higashinari-ku, Osaka-shi, Osaka 537)

Organotin compounds (OTC) in polyvinyl chloride
(PVC) products were converted to their propyl
derivatives and determined simultaneously with a GC
apparatus equipped with a flame photometric detecor
(FPD). A 0.1~1.0g amount of a PVC sample was
dissolved in 15ml of tetrahydrofuran (THF) under
refluxing condition for 1h. The THF extract was
made up 20ml with THF. A 0.1~5ml volume of
the extract(containing below 5 pg of OTC) was mixed
with a 2~5ml volume of 2M propylmagnesium
bromide (PMB) THF solution and allowed to stand for
30min. The excess PMB in the mixture was deac-
tivated by adding 10 ml of 0.5M sulfuric acid. The
mixture was filtered, and the residue was washed twice
with 5ml of ethanol. The propyl derivatives(R ,-
Pry-4Sn) in the combined filtrates, mixed with water,
was extracted with hexane. The hexane extract
was dehydrated with anhydrous sodium sulfate, filtered
and concentrated to 5ml. An aliquot of the concen-
trated sample was analyzed by GG with FPD which
was equipped with a 600-nm cut-on interference filter
to monitor the tetraalkyltin compounds. GG condi-
tions were as follows: column, Ultra-2 (crosslinked 59
phenyl methyl! silicone gum, 0.32 mm i.d. x 25 m, df =
0.52 pm), column temp.=70 °C (4 min)-4 °C/min-240
°C, helium (2 ml/min), injection and detection temp.
=260 °C, split ratio=1/4. OTC in the PVC products
were identified on the basis of retention times and
determined by peak height method. Recoveries of
OTC from a PVC resin product were 88.3~99.69;
and relative standard deviations were 2. 7~6.89%,. The
detection limits of OTC were 0.1 ng as their chloride.
The limit of determination was 2pg/g, when Ig of
the resin was analyzed.

(Received August 24, 1987)

Keyword phrases

determination of organotin compounds by capillary GC;
alkylation of organotin compounds with Grignard
reagent; GC-flame photometric detection; polyvinyl
chloride resin.
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