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TOM TAT: Phwong phap chiét long-long két hop véi sdc ky diéu ché trén cét Cjs va SCX-300 da
duoc sir dung dé diéu ché cdc chat monophenyl thtec diphenyl thiéc va triphenyl thiéc ¢é d@p tinh khiét
>99% tir hén hop phenyl thiéc. Hon hop nay dioc t6ng hop tir chudi phan ing iodine hoa gitta Sn va I,
ké tiép la phan img phenyl héa véi tac chdt Grignard va qud trinh chlet 50 bé cé lap MPhT khéi hén hop
DPhT va TPhT trong hé dung méi mwéc/diethylether. Sic ky trao d@éi ion va pha déng chira diammonium
hydrogen citrate khéng thanh cong trong viéc tinh ché ciing nhir bao qudn cdc hop chdt phenyl thiée. Hé
dung méi MeOH/nudc/acid acetic/sodium acetate (59/30/6/8, v/v/v/w) trung hoa tir pha dong
MeOH/nudc/acid acetic (59/30/11, v/v/viw) duogc chitng minh la dung dich bdo qudn 16t nhat cho cac hop

chdt phenyl thiéc tinh khiét.

Tir khéa: Phén doan, phenyl thiéc, chiét Iong Iong, sdc ky diéu ché, ICP-MS, GF-AAS, HPLC.

1. GIOI THIEU

Trong nhiéu nam, cac hop chat thiéc hitu co
(OTs) dugce str dung rong rai nhu la nhitng thanh
phan hoat tinh trong cac loai son chdng hau,
thudc diét ndm hay phu gia trong polymer,-*#
Do nhitng anh hudng c6 hai 1én cac dong vat
thuy sinh va trén can nén trong khodng vai chuc
nim tré lai day nhidu nudc trén thé gisi da han
ché ding cac hop chit thiéc hiru co trong mét sb
linh vyc. Dau vy, tributyl thiéc (TBT) va
triphenyl thiéc (TPhT) ¢6 xu huéng tich tu trong
trdm tich va tré nén mot ngudn 6 nhidm lau dai
vi cac hop chét nay phong thich din dan vao moi
truong ngay ca sau thoi diém chung bi cAm su
dunglv LV,VLVIL.

Thém vio d6, cic hop chét tributyl va
triphenyl thiéc c6 thé chuyén hoa thanh cac hop
chit it doc hon nhu: monobutyltin (MBT),
dibutyltin (DBT), monophenyltin (MPhT), and
diphenyltin (DPhT)"#*** P& danh gia diy du
tac dong méi truong giy ra boi cac hop chit
thiéc hitu co, cin phai ¢6 cac phwong phap x4c
dinh Ots tin cdy trong cac dang miu khac nhau.
Tuy nhién cac phuong phap phan tich hién nay
gdp rat nhiéu khé khan khi cho két qua c6 d¢ tin
Céy CaOXll,Xlll,XlV,XV,XVI,XVlI

Kho khan gap phai khi phan tich nguyén
dang cac hop chét co kim néi riéng va hop chét

thiéc hitu co 1a ching rit kém bén va rét d& bi
phan huy trong thoi gian bao quéan mﬁu cling
nhu trong qua trinh phan tich mau™"™™** Vi
vay rat kho dé co thé chiét tach triét dé ching ra
khéi thanh phin nén mdu. Phwong phap phén
tich nguyén dang phai dam bao cho két qua phan
tich ding va chinh xac trén co s¢ hiéu chinh
duoc sy chuyén hoa-phan hily cia cac hop chat
thiéc hitu co trong chudi qua trinh xt Iy mau (ly
trich, chiét tach, 1am sach, tao din xuat ) pé
khéc phuc nhing khé khan néu trén, co thé ding
cac bién phap sau:

- Thém céc hop chét thiéc hiru co co - - - {Formatted Bullets and Numbering ]

cing mot ddng vi lam gidu- SI-SSID
(Single isotope species specific isotope
dilution). Vi du: khi phan tich
monobutyl thiéc (MBT), dibutyl thiéc
(DBT) va tributyl thiéc (TBT); thém
hén hop ''°Sn-MBT, ''“Sn-DBT, va
"°Sn-TBT (''°Sn 1 ddng vi lam giau)

XXi

- Thém céc hop cht thiéc hitu co co cac
ddng vi 1am giau khac nhau- MI-SSID
(multiple isotope species specific
isotope dilution). Vi du: thém hén hop
19Sn-MBT, '"*Sn-DBT, va 'Sn-TBT
(*sn, '"¥Sn "7Sn 1a cac ddng vi 1am
glau)xxu
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Céc hop chat thiéc hitu co chira thiéc dong
vi lam gidu chua dugc thuong mai hoa va vi véy
ching t0i phai ty téng hop chang tur thiéc kim
loai chura dong vi lam gidu. Do rat kho khéng
ché diéu kién téng hop cac hop chét thiée hiru co
nén san phim thu dugc thudng 1a mét hén hop
céc butyl thiéc (hay phenyl thiéc) c6 thanh phan
rét khac nhau. San phdm nay chi phu hop véi
bién phéap thém chuén SI-SSID ma théi.

SI-SSID 1a mét bién phap noi chuén tuyét
voi c6 thé giup xac dinh chinh xac nong do chét
phan tich bat chip hiéu sut chiét miu thap hay
cao va sy khong 13p lai gitra cac lan chiét miu
cling nhu giira cac mau khac nhau.

Trong nhitng nghién ctu trude day, ching
t6i da tdng hop thanh cong hdn hop céc phenyl
thiéc va dung hén hop nay xac dinh MPhT,
DPhT va TPhT trong miu trdm tich bing k§
thuét SI-SSID. Két qua nghién cttu cho thiy cac
hop chét phenyl thiéc bi phan huy trong qua
trinh chiét mau va qué trinh phan hay phy thudc
vao cac didu kién chiét tich nhu ban chét acid,
dung méi, thoi gian chiét va ban chit nén méu.
Tuy nhién SI-SSID khong c6 kha nang phat hién
va hi¢u chinh dugc anh hudéng cla cac qué trinh
phan hity ctia cic hop chét thiéc hitu o™,

MI-SSID c6 thé phat hién, tinh toan va hi¢u
chinh cdc qua trinh phan huy va chuyén hoa qua
lai gilta cac hop chzit thiéc hitu co. D& thyc hién
duogc diéu nay cin phai didu ché duoc cac hop
chat thiéc hiru co khéc nhau chira dong vi 1am
gidu khac nhau & dang tinh khiét sau d6 phdi
tron chung lai voi nhau ¢ mot ty 1¢ thich hop
tuong ung v6i ndng do cia cac hop chét nay
(ddng vi tr nhién) chira trong miu.

Theo hiéu biét cta ching t6i, hién nay chua
¢6 cong bd nao vé viée didu ché cac hop chit
phenyl thiéc tinh khiét va sit dung MI-SSID d&
nghién ciru sy chuyén héa/phan huy céc hop
chat phenyl thiéc trong sudt qua trinh phén tich.
C6 nhiéu cong bd vé vige tach cac hop chit
phenyl thiéc bang sic ky 16ng str dung tic nhan
tao phure 14 tropolone!>!# ™" , (chiron. Tuy nhién
cac cong trinh nay khong the ding dé didu ché
cac hop chit phenyl thiéc tinh khiét do cac hop
chit nay tbn tai trong san phdm & dang phuc
phenyl thiéc — tropolone. Khi duge thém vao
méu & dang nay, cic hop chit phenyl thiéc thém

vao s€ khong tuong tac voi nén theo cung mot
céch v6i cac phenyl thlec ¢6 san trong mau va
nhu vay sy can bang cén phai c6 gitta phén thém
vao va phan ¢6 sdn v&i nén miu khong dat dugc.

Trong nghién clru nay, chiing t6i nghién ctiru
kha nang tich, co 1ap va bao quan cac hop chat
MPhT, DPhT va TPhT tir mot hdn hop phenyl
thiéc bang sic ky long. Pidu kién tach va bao
quén céc hop chit nay duoc t6i wu, dam bao san
phdm thu dwgc khong nhiing tinh khiét, nguyén
trang thai héa hoc ma con bén trong sudt thoi
gian bao quan.

Chung t6i ciing thao luan hi¢u néng cua cac
c0t tach khac nhau, cac thanh phan pha dong va
c4c yéu té anh huéng dén d6 bén cua san phim
tach cling nhu dé nghi cdc bién phap gia ting do
6n dinh, giam thiéu sur phan hay/chuyén héa ciia
cac hop chét phenyl thiéc.

2. THU'C NGHIEM

2.1. Héa chit va thube thir

Tét ca dung dich duoc chuan bi trong nudc
khong ion (18MQ cm) tinh ché qua hé théng
Millipore. Diammonium hydrogen citrate
(DAHC), triethylamine, sodium perchlorate,
sodium hydroxide, acid acetic bang va sodium
acetate hang tinh khiét phan tich (tkpt) cta
Merck. Monophenyl (MPhT)- (98%), diphenyl
(DPhT)- (96%), triphenyl (TPhT)- (97%) va
tripropyl (TPrT)- (98%) dang muobi chloride cua
Aldrich (Bftrc). Tat ca dung dich trit thiéc hitu
co (1000 pg g tinh theo thiéc) dwoc pha trén
can phan tich trong MeOH (hang dung cho
HPLC cua hang JT Baker), va dugc bao quan ¢ -
20 °C trong céc lo thuy tinh dung tich 20 or 40
mL c6 nip septum silicon/teflon (Coricon,
Knivsta, Thuy Dién). Cac dung dich dung trong
thi nghiém nghién ctru tach phenyl thiéc (100pg
g tinh theo Sn cho mdi hop chit) duoc pha
lodng tir cac dung dich trir bang cac dung moi
ding dé tach ngay trudc khi thi nghiém. Dung
dich sodium tetracthyl borate 5% dugc pha tir 5
g NaBEty, (98%) (Galab, Geesthacht, Btrc) voi
20 mL tetrahydrofuran (THF) (Merck, tkpt) va
bao quan ¢ -20 °C. Bém pH 5 (2 M) pha tir acid
acetic bang (Merck, tkpt) va sodium acetate
(Merck, tkpt).
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2.2. Thiét bj

Scic ky long hiéu ning cao (HPLC) va sdc ky
ion (IC)

Hé sic ky gdbm 1 bom HPLC déng dong
(Model 2150KLB, Broma) va 1 by van tiém ty
dong (Knauer) véi mot loop 100uL. Hai loai cot
tach pha dao 1a Reprosil Pur C3-AQ va Reprosil
80 ODS-2 (150mm x 4.6mm, Spm, Dr. Maisch
HPLC GmbH, Germany) dung cho h¢ pha dong
methanol/nudce/acid  acetic bang chua 1%
sodium acetate va 0.05% triethylamine. Cot séc
ky trao ddi ion 1a Zorbax SCX-300 (150mm x
4.6mm, 5um, GenTech Scientific, Inc., NY,
USA) dung <cho hé pha dong chua
methanol/nudc/acid acetic bang va 50mM
ammonium dihydrogen citrate hay 300 mM
sodium perchlorate.

TAt ca c4c pha dong dugc chuin bi trong
ngay va dugc danh siéu am 30 phuat trude khi
dung.

Hé théng HPLC duoc ndi voi dau do UV-
VIS L-4200 detector (Merck-Hitachi) va may tu
ghi HP 3395 (Hewlet Packard).

GC-QF-AAS

May sc ky khi Varian 3300 (GC) (Polo
Alto, CA, USA), budng tiém trén cdt (on-
column) va ¢t mao quan 30 m (0.53 mm id, 1.5
um SPB-1, Supelco, Bellafone, PA, USA).

May quang phé hap thu nguyén tir AA 700
(Perkin-Elmer, Shelton, CT, USA) c6 1o FIAS-
200 (Perkin-Elmer) ding d& gia nhiét 1 dng
thach anh chi T (Q-T). Ngudn birc xa Sn 13 dén
phong dién phi cuc (EDL) (Perkin-Elmer).

Thiét bi déu ndi giira mdy GC va may AAS
tu ché. H3n hop hydrogen va khéng khi (ty 18
5:1) dung dé hd tro qua trinh nguyén tir hda Sn.

Phin mém tu viét dua trén LABVIEW dé
thu thap va tinh toan dir liéu phan tich véi thoi
gian ghi pho khong han ché va cho phép tinh
toan cac thong so trén sdc ky dd.

GC-ICPMS

Tach c4c hop chét thiéc hitu co trén may séc
ky khi Agilent (6890N, S/N: US10415042,
USA), budng tiém chia dong/khong chia dong
va ¢t mao quan dai 30 m (0.25 mm id, 1 um,
SPB-1, Sulpelco, Bellafonte, PA, USA), khay

liy miu tr dong (G2614A, S/N: 42329192,
China), va van tiém mau tu dong (7683 series,
G2613A, S/N, CN41435849, China).

Méy khébi phd ghép ndi cam img cao tan
ICP-MS Agilent 7500 (Japan) va thiét bi giao
tiép gitta sic ky khi va may ICP-MS (P/N
G3158-80003, S/N JP134-00347, Agilent).

2.3. Téng hgp cdc hep chit phenyl thiéc va
chiét 16ng-16ng tich so bo MPhT

Téng hop thiéc (IV) iodide: dun cach cat &
100 °C khoang 10-20 mg Sn kim loai (dang hat
tron, 25mesh, Mallinckrodt Chemical Works,
USA, tkpt) va mét lugng iodine (Merck, tkpt) co
s6 mol gip 2.5 1dn so véi Sn trong dung moi
dichloromethane (Fluka, tkpt) trong mot 6ng
nghiém 10mL day kin. Sau khi phan ing xay ra
hoan todn, tach bé phan thiéc kim loai du va théi
khi N, dudi hét dichloromethane (DCM). Thiéc
(IV) iodide két tinh thanh céc tinh thé mau da
cam dam.

Téng hop cdic phenyl thiée tiv thiéc (IV)
iodide Hoa tan thiéc (IV) iodide trong 5 mL
diethylether (DEE) trong 1 lo thuy tinh 40 mL
¢6 ndp. Vira khudy déu vira thém timg giot
phenyl magnesium bromide (PhMgBr) 3 M tur
mdt syringe thuy tinh 250 pL cho dén khi dung
dich chuyen sang mau vang nhat (15 gidy ké tir
lac bat dau thém giot du tién PhMgBr). Thém 5
mL HBr IM dé ngung ngay 1ap tic phan ung
phenyl hoa, thém tiép 25 mL nuéc. Lic manh
hén hop phan mg trong 5 phut va ly tim & 2000
vong/phut trong 2 phut. Chuyén pha DEE vao
mdt lo thuy tinh 40 mL, chiét pha nudc 2 lan
mdi lan véi 5 mL DEE sach. Gop chung cac
phén chiét DEE va thdi khd dung méi DEE bing
N,. Hoa tan phén can trong 5 mL 5 mL
MeOH/nuéc/acid acetic/sodium acetate
(59/30/6/8; v/viviw) (pH 5). Thém 5 mL dém pH
5 (2.5 M) vao pha nu6c (sau khi chiét bing
DEE), chiét MPhT 3 l4n mdi lin v&i 5 mL
DCM. Gop chung dich chiét DCM va chuyén
vao mot lo thuy tinh 40 mL khé va sach. Théi
kh6 dung méi DCM va hoa tan phan cin trong 2
mL MeOH/nudc/acid acetic /sodium acetate
(59/30/6/8; v/v/viw) (pH 5) (xem hinh 1).
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Hinh 1. Biéu d6 quy trinh téng hop phenyl thiéc va chiét so bo MPhT

2.4. Téch cdc hgp chét phenyl thiéc

Tiém 100pL dung dich chuin don hay hdn
hop céc phenyl thiéc vao hé HPLC. Thay déi
thanh phin pha déng ¢ t6i wu héa qua trinh tach
cac hop chét phenyl thiéc. Phat hién cac hop
chit phenyl thiéc trén déu do UV tai 254 nm. Co
1ap cac phan doan twong ng véi thoi gian peak
sdc ky xuat hién. Dinh tinh cic hop chat thiéc
hiru co trong cac phin doan nay bing phuong
phap GC-QF-AAS.

2.5. Khio sat d9 bén ciia cac hop chit phenyl
thiéc sau khi tinh ché.

Thu céac phan doan c6 1ap tir cdt pha dao
tuong ung voi cac khoang thoi gian luu cua cac
hop chit MPhT, DPhT and TPhT. Bé c6 di
lugng miu cho phéan tich bing GC-QF-AAS,
tién hanh gop cdc phan doan twong tmg cho 4
lan tiém. Nhu vy s& co 3 dung dich tuong tng
v6i 3 hop chit phenyl thiéc (MPhT, DPhT va
TPhT). Chia mdi dung dich nay thanh 4 phin
béing nhau va pha lodng chung 10 14n bang cac
dung dich pha loang bén dudi.

M&i mét dung dich di pha loéng dugc liy
vao 3 lo nhé khac nhau nhu dé bao quan & cac
nhiét 6 -20 °C, +4 °C (trong ti) va & nhiét d6
phong (+22 °C, anh séng thuong).

1. Methanol:nudc:acid  acetic:sodium
acetate (59:30:11:0.1:1; v/v/v/w) (Eja).

2. Eja da dugc trung hoa dén pHS (En).

3. Methanol:nudc:acid acetic:
(20:70:10;v/v/v) chita SOmM DAHC (E,4).

4. E,4 da dugc trung hoa pHS (Ex).

D6 6n dinh cua cac dung dich nay dwoc
khéo sat qua viéc phan tich ndng do céc phenyl
thiéc theo cac thoi gian da dinh trudc bing GC-
QF-AAS or GC-ICPMS.

2.6. Ethyl hoa

Cén khoang 250 pL mau vao éng nghiém
thiy tinh c6 ndp, thém ImL toluene va 100 pL
(khoang 0.076 g) ndi chuin TPrT (2 pg g tinh
theo Sn), thém 1 mL dém pH 5 va 40 pL tac
nhan ethyl héa NaBEt, 25%. Pay nip va lic
manh trén may lic trong 1 gio, ly tam & 5700
vong/phut trong 5 phut. Chuyén pha toluene véo
lo dung miu 1.5 mL cho phén tich bing GC.
Béo quan ¢ -20 °C.

2.7. Xdc dinh cdc hop chit thiée hiru co bing
GC-QF-AAS

Tiém 4 pL miu chtra cdc hop chat phenyl
thiéc dd ethyl hoa, mdi miu ldp thuc hién 3 lan
ldp. Tin hi¢u hép thu ctia mdi chét tinh theo dién
tich peak. Dinh lugng céc phenyl thiéc qua mot
duong chuén gém 8 diém dung ndi chuén TPrT.
Kiém tra d6 nhay ciia may hang ngay bing mot
dung dich chuén méi pha. Diéu kién van hanh hé
théng GC-QF-AAS duoc trinh bay trong bang 1.

2.8. Xdc dinh cac hop chét phenyl thiéc bing
GC-ICPMS

Tiém1 uL miu vao GC & ché d6 khong chia
dong. ICPMS do Sn tai 2 ddng vi '*%Sn and
1205y, thoi gian 1y tin higu la 100 ms mdi ddng
vi. Céc thong sb van hanh cua may ICP-MS
tham khao theo tai liéu '®. Céc thong s6 véan
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hanh ciia may sic ky khi trong hé GC-ICPMS

dugc trinh bay trong bang 1.

Bang 1. Cac diéu kién van hanh ctia cac may GC va may AAS

mang

Ciic thong s6 GC GC-QFAAS GC-ICPMS
Chuong trinh nhiét buong tiém | 110°C dén 280°C, 70°C/pht, giit 1 phit 280°C

Khi mang Helium Helium

Ap suat dau cot/toc d0 khi | 9 psi/18mL/phut 3.6 mL/phut

Chuong trinh nhiét do cot:

110°C >180°C, 10°C/phut

110°C->280°C,

180°C =280°C, 30°C /phut, (4.5 phut) 30°C/phit (2 phut)
Nhiét d6 b phan ket noi. 280°C 300°C
Khi chay nguyén tir hoa H, 300 mL /phat, air 60 mL / phuat -
Cic thong s6 AAS
Light source EDL, 350 mA
Sn wavelength 286.4 nm

QF temperature 750 °C

3. KET QUA VA THAO LUAN

3.1. Téng hop cdc hop chét phenyl thiéc va
chiét 16ng-16ng tich so bp MPhT

Trong hé nuéc/DEE, MPhT phéan bd chit
yeu trong pha nuéc trai lai TPhT phan bb chua
yéu trong pha hitu co trong khi DPhT thé hién ca
hai tinh chét ky nudc va 4i nude nhung phan bd
nhiéu trong pha hitu co hon. Sau hai lan chiét
lién tiép pha nuéc bing DEE 99% DPhT va
TPhT da chuyén vao pha DEE, va 94% MPhT
nim trong pha nuéc. Thanh phin cta cac hop
chit phenyl thiéc trong hai pha nuéc va DEE
trinh bay trong bang 2 va trong sic ky d trong
hinh 3. Viéc chiét 1ong 16ng tach so bd MPhT ra
khoi DPhT va TPhT giup giai doan tach va tinh

029

Absorbance
=
-

ons J TPIT (15}

ché cac hop chat phenyl thiéc bang sic ky cot
sau nay don gian va hiéu qua hon.
Hiéu §u§t clia toan bd qua trinh téng hop
phenyl thicc 1a 46-50%.
Bang 2 Ham luong twong d6i (%) ctia cac hop

chat phenyl thiéc truéc va sau khi chiét long
long tach so b) MPhT

10T | MPhT | DPhT | TPhT

Ham l}rqng
twong doi truge| 1.5 10.3 60.5 27.7
khi chiét

Pha DEE 19.0 6.2 99.8 99.9

Pha nu6c-HBr| 81.0 | 93.8 0.2 0.1

DPHT

— Aqueous phase
— Diethyl estver phase

TPhT

| S

3 3 7

9
Tinaemin

Hinh 3. Cic séic ky db ciia cac hop chit thiéc hitu co x4c dinh bing phuong phap GC-QFAAS trong pha DEE va
trong pha nudc. Sac ky do ctua OTs trong pha nudc duge doi truc cho dé nhin.
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3.2. Tach va tinh ché cic hgp chét phenyl
thiéc

Do dung méi hép thu manh & cic budc séng
ngén hon 250 nm nén budc séng 254 nm dugc
chon @& do cac hop chit phenyl thiéc (co vong
benzene). MPhT kém nhay hon DPhT va TPhT
do chi ¢6 1 vong benzene. Ton thiéc v6 co (IOT)
khong cho tin hiéu hép thu tai 254 nm nén moi
tinh toan lién quan dén ndng d6 10T phai thong
qua ngoai suy bing dinh luat bao toan khdi
luong.

Theo nhu truyén théng, thuong dung céc ot
sic ky pha dao (Cig) va cot trao dbi cation
(Zorbax 300 SCX ) dé tach cac hop chét thiée
hitu co. Tuy nhién muc tiéu cua nghién ciru nay
khéng chi dimg lai & viéc tach cac phenyl thiéc
ma con cb lap ching va giit chung 6n dinh dé st
dung lau dai hét mirc c6 thé. Pha déng phai dugc
lwa chon sao cho céc hop chit phenyl thic giir
nguyén trang thai hoa hoc ciia chiing tirc 1a tn
tai & dang ion hay céc phitc khong bén. Tuy viy
ching t6i khoi dau céc khao sat pha dong dua
trén nhitng h¢ thuong s dung trong phén tich
nguyén dang cac hop chit thiéc hitu co.

Séc ky ion

Zotrbaz 300 SCX tich kha thanh cong hén
hop céc butyl thiéc™. Theo khuyén cdo ciia nha
san xuét, cot nay khong nén st dung trong pha
dong c6 pH<2. Trong truong hop nay, cac ion

| DPRT
13,750

MPhT va DPhT ¢6 dién tich 16n s& lién két chat
ch@ hon v6i pha tinh vi khong cé su canh tranh
ctia ion H' tir pha dong. Hau qua 14 cac ion nay
rira giai din téi sw chap peak. Vi pha dong
MeOH/nuédc/acid  acetic  (60/39.5/0.5) chira
50mM ammonium acetate, cac peak sic ky thu
dugc bi banh rong va rua giai kha chdm, TPhT
(20 phut) va DPhT (45 phut) va MPhT tham chi
khong dugc rira giai sau 1 gio. C6 1€ DPhT va
MPhT tn tai & dang ion cé dién tich twong tmg
+2 vi +3 tuong tic rat manh véi pha tinh. Su gia
ting nbng do chét dién ly trong pha dong giup
céi thién tbt hon téc do rira gidi cua céc hop chat
phenyl thiéc ra khoi cot. Hinh 2 cho thdy khi st
dung pha dong MeOH/nudc/acid acetic
(20/70/10) chtra 0.3M sodium perchlorate TPhT
tach rat t5t khoi DPhT va rira gidi & 7.4 phit
trong khi d6 DPhT va MPhT bj rira giai dong
thoi tai thoi gian 10.7 phut. Nhu vay TPhT tinh
khiét c6 thé dugc cb lap trong khoang thoi gian
5-8 phut (xem hinh 4).

Khi dung diammonium hydrogen citrate
(DAHC) 100 mM thay cho sodium perchlorate
thir tu rira giai cia DPhT va TPhT thay ddi (hinh
1b). Trong truong hgp nay DHAC khong nhiing
dong vai tro 1a chét dién ly manh ma con 1a tac
nhén tao phirc véi Sn. Hinh 1b. cho thdy DPhT
tach tot nhung TPhT va MPhT chap nhau (xem
hinh 4).

(b} DPRT
6,252

25

Hinh 4. Céc séc ky db ciia cac hop chit phenyl thiéc (100ug g tinh theo Sn) riéng r& ghi chdng 1én nhau trén cot

Zorbax 300 SCX dung cac pha dong

a.  MeOH/nudc/acid acetic (20/70/10, v/v/v) chira 300mM sodium perchlorate.
b.  MeOH/nudc/acid acetic (70/20/10, v/v/v) chira 100mM DAHC.
Detector: UV-VIS ghi tai 254nm, thé tich mau tiém: 100pL
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Cot pha ddo

Mic dii cac hop chét butyl thiéc va phenyl
thiéc thé hién tinh chét ion, _séc ky pha dao cling
dugc ding rit phd bién dé tich cac ion nay.
Thyc t& phai dimg thém mot tac nhan héa hoc
phit hop nhu cip ion hay mét chét tao phuc aé
lam giam tinh chét ion cia cac phenyl thiéc va
tao diéu kién cho twong tac v6i pha rén khéng
phan cyc.

Tropolone trong vai tro la mét tac nhan tao
phtrc va triethylamine va acid acetic trong vai
tro cua mot tdc nhan tao cdp ion thuong dugc
thém vao pha dong khi tach cac hop chiét thiéc
hiru co'>'*** . Pha dong chira tropolone va
triethylamine trong MeOH/nudc/acid acetic
AcOH (72.5/21.5/6) tach rat t6t hdn hop butyl va
phenyl th1ec [S.Chiron]. Trong nghién ctru nay,
do yéu ciu cac san phim phenyl thiéc sau khi
tach phai tinh kh_1et va ¢6 cong thirc hoa hoc
khong thay dbi dé dung cho phwong phap MI-
SSID nén ching t6i tranh str dung cac pha dong
¢6 thanh phan phirc tap, nhw tropolone, tao phirc
4t bén vdi phenyl thiéc. Cac cap ion thudng
khong bén nén sy c6 mit cua ching, khéng
gibng véi phirc phenyl thiéc- tropolone, khong
anh hudng dén can bing giita chat thém chudn-
chit phan tich c6 trong mAu-nén mau.

Vi thé ching t6i mét mit tranh ding
tropolone, mat khac ting cuong kha nidng tao
cdp ion v6i cac phenyl thiéc bing céch ting
ndéng d6 acid acetic trong pha dong. Thuc
nghiém cho thiy hdn hop cac phenyl thiéc dugc
tach twong dbi t6t trén cot Reprosil Pur khi gia
ting ndng dd acid acetic tir 6 dén 11% (xem
hinh 5a). Cac peak twong tng véi DPhT va
TPhT rat sic nhon va tach nhau ra kha xa trong
khi peak twong tmg vdi MPhT, bi banh réng va
kéo dudi, che pha mot phin peak cia DPhT. Do
MPhT mang nhiéu tinh ion va c6 kich thudc
phan tir twong dbi nho nén né cd xu hudng
tuong tac manh vdi cac nhom silanol tu do trén
pha tlnh la cho qua trinh rira giai kho khédn hon
nhiéu'®. Bidu nay dugc chimg minh khi ding cot
ODS-2 c6 pha tinh c6 mat d¢ che phu ciia nhém
Cis thép nhiéu so véi cot Reprosil Pur, tirc chira
nhiéu nhom silanol hon. Thuc hién tach hdn hop
phenyl thiéc trén cot ndy cho thdy cac peak
DPhT va TPhT bi kéo duoi (hinh 5b) va phuong

phap GC-QFAAS di phét hién MPhT xuat hién
trong cac phan doan tir 9.5-20 phut.

Thoi gian luu va dang peak ciia cac hop chét
phenyl thic khi tach bang cot pha dao Cig phuc
thudc vao cac yéu t6 sau:

i. Tinh chit cia cac hop chit phenyl thiéc
(kich c¢d, dién tich va tinh ky nudc-
hydrophobicity)

ii. Luyc dung mdi va kha nang tao can bing
hoa hoc thir cép khi ¢6 mat tac nhan tao
cap ion/tao phtrc trong pha dong.

iii. Chat luong cot sac ky.

Trong sic ky pha dao, thoi gian luu ty 18 véi
tinh ky nuéc va kich ¢& phéan tir chat phan tich
va ty 1€ nghich vai dién tich cua nd. Vi vay cac
hop chit phenyl thiéc s& rira giai theo thu ty
MPhT < DPhT < TPhT khi ¢6 mit acid acetic
lam tac nhéan tao cap ion. Acid acetic phan Urng
v6i DPhT (Ph,Sn**) va MPhT (PhSn**)** thanh
c4c ion ¢ dién tich thap va kich thudc 16n hon
Ph,SnAc” va PhSnAc," 1am céc ion niy twong
tac voi silanol trén pha tinh yéu hon khi khéng
c6 acid acetic.

Do c6 cing dién tich nén cac ciu tir cap ion
chira DPhT va MPhT phai rira giai ddng thoi,
thuc té (hinh 4a) cho thiy DPhT ria giai trudc &
dang 1 peak rit sic nhon chiing to cip ion chira
DPhT twong tic rét it v6i pha tinh. Trong khi d6
cap ion chira MPhT rura gidi cham va kéo duoi
rét dai, do kich thudc nhé nén xdm nhdp sau vao
twong tdc manh voi pha tinh. Trong mot chung
muc nao do, teong tac gitra MPhT va silanol cua
pha tinh 13 ¢6 loi gitp tich mot phin MPhT ra
khoi DPhT. C6 lap céc phan doan sau mdi 0.5
phut va phan tich cac phan doan nay tir hinh 5a
cho thdy c6 thé tach dugc 100% TPhT va 60%
MPhT tinh khiét trong khi DPhT luén bj 1in véi
MPhT. Nhuir vay khéng thé thu duoc cac dung
dich chtra timg phenyl thiéc tinh khiét. Tuy
nhién theo khao sat trong hinh 5a, chung t6i
nhan thdy néu hén hop phenyl thiéc chira MPhT
ndng d6 thip thi c6 thé khong anh huong t6i
DPhT vi lwgng nho MPhT s& tuong tic rit manh
v6i pha tinh va vi vay khong rira giai déng thoi
DPhT. Tuong ty néu tich qua cot sic ky hén
hop phenyl thiéc chua it DPhT va TPhT thi c6
thé co thu dugc MPhT tinh khiét va quy trinh
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sic ky s& c6 hiéu sudt thu hdi MPhT khé cao.
Xuét phat tir nhimg nhan dinh nay va dya trén
mutc d6 khac nhau vé tinh ky nudc va ai nuéc
gifra cac phenyl thiéc, ching t6i tién hanh chiét
long 1ong dé tach so bd MPhT ra khoi DPhT va
TPhT trong giai doan téng hop tir thiéc (IV)
iodide nhur di trinh bay phan trén.

DPRT TPhT
6.357 19,066

(a)

; . MPhT | ]

7.726
A I 1a
U\

Phiin dogn TPhT

" Phin doan MPHT

(b) {\
DPhT
8450 (

, l /

Hinh 5. Cac sic ky db ciia cic hop chat phenyl thiéc
(100pg g tinh theo Sn) riéng r& ghi chdng 1én nhau
trén ¢t a. Cot Reprosil Pur Ci3-AQ va b. Cot
Reprosil 80 ODS-2; dung cac pha dong dung pha
dong MeOH/nudc/acid acetic (30/59/11, v/v/v) chira
0.1% triethylamine va 1% sodium acetate phat hién
bang dau do UV-VIS

3.3. PO bén ciia cic phan doan phenyl thiéc
thu dugc qua qua trinh biao quan

Nhu da dé cap, muc tiéu chinh ctia nghién
ctru 14 tong hop cac dung dich tinh khiét phenyl
thiéc phuc vu cho phan tich nguyén dang cic
hop chét phenyl thiéc bing k§ thuat MI-SSID.
Trong mét nghién ctu trude day, chung t6i nhan

thdy ring céc hop chét thiée hiru co bi phan hiy
trong qua trinh bao quan [ref] va viéc tach/tinh
ché cac hop chét phenyl thiéc s& v6 nghia néu
chung phan huy trong qua trinh bao quan. Vi
véy chung tdi tién hanh nghién ctru d6 bén cia
céch hop chét phenyl thiéc trong chinh cac dung
moi 1a pha dong dd st dung trong qué trinh
tach/tinh ché cac hop chit phenyl thiéc (sic ky
¢ot pha dao va séc ky trao ddi ion). Do c4c pha
dong c6 ndng d6 acid kha cao nén ching toi
ciing nghién ctru do bén cac hop chét phenyl
thiéc trong cac pha dong nay khi d trung hoa vé
pHS.

MPhT

Su chuyén héa cia MPhT thanh IOT va
DPhT quan st thiy trong dung mdi MeOH ngay
cd & nhiét do -20°C. Co ché cua qua trinh
chuyén héa nhu sau'?

SnPh** + SnPh*" = SnPh,*" + Sn** (1)

Trong cac dung dich khao sat cua nghién
ctru nay, khéng quan sat thdy sy chuyén hoa cia
MPhHT khi bao quan & -20 °C trong 197 ngay.
Khi bao quan & nhiét d6 phong, MPhT bén trong
it nhat 37 ngay. Acid acetic ndng d¢ cao (11%)
khong anh huong dén d¢ bén ciia MPhT. Theo
chung t6i, co 1€ luc ion c6 tac dung bao vé
MPhT, do han ché xac suit va cham giira cac
phan tt MPhT vi vdy tic ché sy hinh thanh
DPhT va IOT theo phuong trinh 1.

DPhT

Trong MeOH, DPhT bi phan huy thanh
MPhT. Qué trinh phan huy phy thudc vao thoi
gian va ddng hanh véi nhiét d6 bio quan. Két
qua trinh bay trong hinh 7 cho thiy khi khong c¢6
mit DAHC, DPhT bén tbi thiéu 197 ngay néu
bao quan & -20°C, bit k& ndng do acid trong
dung dich 1a bao nhiéu. O céc nhiét d6 cao hon,
DPhT sy phéan hily dang ké; 4.1% sau 27 ngay &
+4°C va 5.5% sau 7 ngay ¢ +22 °C.

Acid acetic xUc tac cho qua trinh phan huy
DPhT. Khoang 18.1% va 9.1% DPhT phan huy
khi bao quan trong 11% acid acetic va trong pH
5 sau 37 ngdy & +22 °C. Khéng quan sit thay
DPhT chuyén héa thanh TPhT trong bat ké
trudong hop ndo & cac didu kién khao sat. Didu
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nay cling minhc chimg cho vai tro ciia dém ion
trong viéc trc ché qua trinh chuyén hoa cta
DPhT.

Su hién dién cua DAHC xuc tac cho qua
trinh phan huy DPhT. 78.0% va 55.7% DPhT,
trong E;y va E,y tuong ung, phan huy thanh

tao ddi ion. Tuy nhién, ion citrate ciing tao phirc
v6i DPhT lam yéu di lién két Sn-Ph giy ra su
phén hily ciia DPhT-citrate dé hinh thanh MPhT-
citrate. Co ché d& nghj cho phan g phan hiy
nay la:

(©)

\ DPhT —®™ 5 MPhT + Ph (2)
MPhT & -20 °C sau 9 days. Gan nhu 100% ) DPRT e MPHT + Ph
A , R _ __fatnhanh _
DPhT phéan hity thanh MPhT trong E,y sau 1 Citrate Citrate +
ngay dé ¢ nhiét d0 phong, hoac sau 28 ngay ¢ -
22 °C. Nhu céc chat dién ly khac, DAHC ho tro
qua trinh rira giai cac hop chat ion PhT khoi ¢4t
BMPhT SDPRT STPAT GMPIT ®DPhT STPhT
MPHT -Eqp MPHT - Ezy
1] (L
0% +d0¢ +22°%¢ -20¢C +4°C +22°C
100 U W o H mn H # Ko HoH 4
M /| 7! 7
10440 208 77 14979 4¢cb6crdazpp
T HA—— - /-, - [CR L/ R E /B T /B 1
M 1 U ¢ M s v W K I
g H M H O H /I qoH g m W dudde r dE A A 6 ¢
H 7I I /B v oA § bW v ddbB 0 0B 08 4908 K
K MM % S| % /I MW
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Hinh 6. Chuyén hoa ciia MPhT (84.3+3.6ng g”) trong dung dich dém: E, 5, E x, Esa, Eon
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Hinh 7. Chuyén hoa cua DPhT (518+38ng g') trong dung dich d¢ém: E, 5, E|x, Eaa, Eon
TPhT dién ra nhanh hon tai nhiét d¢ phong; 27% trong

TPhT bén trong MeOH tai nhiing diéu kién
nhiét d6 bao quan thong thudng trong it nhit 45
ngay. Tuy nhién TPhT phan hdy trong moi
truong acid.

Trong dung dich dém pH 5, su phan huy
didn ra kha cham nhit 13 & nhiét d6 thip. Phan
{rmg phén hity dién ra theo phwong trinh 3.

TPhT——>DPhT+Ph (4)
Hinh 8 cho thiy TPhT khong phan hity
trong it nhit 197 ngay khi bao quan trong E;, va
En & -20°C. O + 4 °C trong E;» va Ejy lan luot
5.9% va 2.5% TPhT phan huy sau 27 ngay. Su
phan huy cua TPhT trong cac dung dich nay

Eia va 13% trong En. Trdi véi MPhT, TPhT
khong bén trong modi trudng acid™" >l (34, 35)
hay trong méi truong c6 luc ion 16n néu béo
quan ¢ nhiét d§ +4 °C hay ¢ nhiét 4o phong.

Khi ¢6 mdt DAHC, TPhT phan huy nhanh
hon. There was no significant degradation of ¢ -
20°C, TPhT khéng phén hily néu bao quan trong
Eya va By trong 197 ngay. Tuy nhién ¢ 22°C, va
dugc bao quan trong E,a, va E;n, %TPhT phan
huy thanh DPhT sau 37 ngay 53.5% va 22.9% .

Su phan hiy nhanh hon cia TPhT thanh
DPhT khi ¢6 DAHC c6 thé do sy phan huy cua
DPhT vé& MPhT va nhu vay lam dich chuyén cén
béng clia phuong trinh 5 vé bén phai.
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Hinh 8. Chuyén hoa ctia TPhT (1117+63ng g™') trong dung dich dém: E, 5, Eiy, Eaa, Eax

Bang 3. ham luong (%) cua cac hop chét phenyl
thiéc diéu ché duoc, x4c dinh bing GC-ICPMS.

Pong vi lam
giau\Phenyl | IOT | MPhT | DPhT | TPhT
thiéc
118 0.55 | 99.26 0.04 0.15
122 0.01 0.08 99.85 | 0.06
124 ND ND ND 100.0

ND: khong phat hién (<0.1 pg g™ d6i véi MPhT va
DPhT va<0.3 pg g dbi voi TPhT)

Chéng toi da tién hanh tdng hop céc phenyl
thiéc tir cac ddng vi ''"*Sn, '**Sn va '**Sn. Thanh
phén tiéu biéu cua mot hdn hop ding cho MI-
SSID dugc trinh bay trong bang 3

4. KET LUAN

Trén co s két hop cac quy trinh téng hop
va chiét tach phu hop, ching t6i da tong hop
thanh cong céc hop chat phenyl thiec c6 do tinh

khiét cao. Chung t6i ciing chon dugc cac diéu
kién bio quan cic hop chat nay trong thdi gian
khao sat. MeOH/nudc/acid acetic (30/59/11,
v/v/v) trung hoa dén pH 5 ¢6 tac dung bao quan
t6t cho ca 3 hop chat phenyl thiéc ¢ nhiét do -20
°C trong it nhit 6 thang. Mot dung moi thay thé
khéc co thé ding dé bao quan TPhT la MeOH
tinh khiét. TPhT sau khi tinh ché qua c6t HPLC
c6 thé duge chiét vao DCM, loai DCM va hoa
tan can TPhT trong MeOH. Két qua nghién ctru
¢6 thé dugc ap dung dé tdng hop cac hop chit
phenyl thiéc tir thiéc kim loai c6 ddng vi lam
giau khac nhau. Tur d6 co thé tao ra thanh nhiéu
td hop ddng vi khac nhau, vi du tir 3 ddng vilam
gidu ''®Sn, 2261 va 124Sn 6 thé tao ra 6 t6 hop
chira MPhT, DPhT va TPhT c6 dong vi lam gidu
khéc nhau. Cac hop chét nay c6 thé st dung
cung v6i phuong phép MI-SSID dé nghién ciru
céc phan ung chuyén héa/phéan hity cac hop chét
phenyl thiéc va trén co s¢ do gitp lva chon quy
trinh phan tich t5i wu cho timg loai nén méiu
khac nhau.
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SYNTHESIS AND STORAGE OF SINGLE PHENYLTIN COMPOUNDS
SYNTHESIZED FROM ISOTOPICALLY ENRICHED TIN METAL

Dong Nguyen Van", Wolfgang Frech®, Solomon Tesfalidet®
(1) Department of Analytical Chemistry, Hochiminh University of Sciences, Vietnam
(2) Faculty of Chemistry, Umea University, Sweden

ABSTRACT: A method combining liquid/liquid extraction and chromatographic fractionation has
been developed for the preparation of pure monophenyltin (MPhT), diphenyltin (DPhT), and triphenyltin
(TPhT), synthesized from isotope enriched Sn-metal using phenylation of Snl, in diethylether (DEE)
followed by quenching with HBr and water.

After two successive extractions of the aqueous HBr phase with DEE, more than 99% of the DPhT
and TPhT were recovered in the combined DEE phase and 94% of the MPhT remained in the aqueous
phase. The MPhT in the aqueous phase was extracted into dichloromethane. The organic phases were
vaporised and the PhTs were re-dissolved in MeOH/water/acetic acid/sodium acetate (59/30/6/8, v/v/iviw),
which was also used as storing solution. Aliquots of the two solutions containing either DPhT and TPhT
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