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The effect of solvent on the dipole moments for (chloromethyl) stannanes has been investigated by applying EHT calcula-
tion for the isomers of trigonal bipyramidal Sn(iV)Cl,X and C1Sn(IV) (CHzCl)-,. octahedral Sn(1V)Cli2X and C1,Sa{lV)-
(CH,Cl).-, 2X type complexes in dioxane and ethylacetate solutions (X: dioxane or ethylacstate). For Sn(1V)Cly in dioxanc
solution, the calculated dipole moment for the trigonal bipyramidal Sm{IV)ClX type complex (Isomer (b)) is closer to the
experimental dipole moment than octahedral Sn(IV)CL2X type complexes. This calculated dipole moment suggests that
Sn(1V)Cl; may have the trigonal bipyramidal structure in dioxane solution. However. the calcutated dipole moment for
octahedral ClLSr{1V) {(CH,C1)2X type complex [Isomer (d3) ,CISa(IVYCH,Cl)s2X type complex (Isomer(k)] and ClSn(1V)-
(CHCP22X type complex (Isomer(h)) are closer to the experimental dipole moments than other isomers for octahedrat
complexes and trigonal bipyramidal complexes. Such theoretical results indicate that ClgSn(IV) (CHCl), CISn(1V){CHCl);
and Cl,Sn(IV) (CH,Cl); complexes may have octahedral structures, Isomer(d), (k) and (h) in ethylacelate solution, respec-

tively.

1. Introduction

For a decade considerable interest has been concentrated on
solvent effects on molecular electronic specira. Solvent effects
on molecular electronic spectra were first quantitatively inves-
tigated by applying perturbation theory for solvent-solute
interaction.!?

The expression for the total dipolé moment of a solute
molecule could be derived using quantum mechanical per-
turbation treatment of the system consisting of a solute mo-
Jecule in a solvent.? The reaction field method, which is the
actual field at the solute molecule obtained by the statistical-
mechanical averaging over all possible liquid configurations,
was developed to calculate the dipole moments for excited
state and polarizabilities from solvent shift effects.® The
calculated results for nitrobezene are large and differ depend-
ing on which calculation method ts used. However, large
differences in the experimental dipole moments in several
solvents could not be interpreted in terms of theory of solvent--
solute interactions.’

The effect of solvent on the dipole moments was reported
to Le attributed to definite formation of coordination com-
plexes which are polar in their own right.? For some transi-

tion metal complexes, it was found that variation of the physi-
cal properties of these complexes such as the dipole moments,
paramagnetism can be attributed to change in the geometric
structures when dissolved in non-coordinating or coordina-
ting solvents.®?

The various kind of organotin compounds was synthe-
sized® and their physical properties and structures were
investigated by NMR method.!! However, measurement of
the electric dipole moments has been used to determine
the geometric structures for organotin(lV) compiexes,1*-18
The measured dipole moments for (chloromethyl) stannanes
in benzene solutions were reported to differ greatly from those
in ethylacetate solutions.!® These large differences in the
measured dipole moments were interpreted qualitatively in
terms of intramolecular coordination between chlorine and
tin atoms that do not have acceptor properties.

The large differences in the measured dipole moments in
non-coordiating solvent, benzene and coordinating solvent,
ethylacetate, are attributed to formation of addition com-
pounds of cthylacetate with (chloroethyl) stannanes,

The purpose of this work is to perform EHT calculation for
the various geometric isomers which are expected to form in
ethylacetate solutions and to clucidate the geometric structures
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of (chloromethyl) stannanes in coordinating solvent com-
paring the calculated dipole moments with the experimental
dipole moments. As far as we are aware, ho previous attempt
has been made to investigate the effect of solvent on the me-
asured dipole moments for the case where coordinating sol-
vents involve in intermolecular addition compounds. We
adopt SCF basis set of functions for tin and ligand atoms
which have integer values of », { and m and then transform
them into real form.?® Orbital trasformation schemes for
tetrahedral C1,Sn(IVXCH.CI),_,, trigonal bipyramidal
Cl1.Sn(IV) (CH.Cl),_,X and octahedral Cl,Sn(IV}CH,Cl);_,*
2X complexes are listed in Tables 1, 2 and 3,21~23 respectively.

It is also necessary to mention that the bond length is
chosen to be a sum of the covalent radii for Sn(IV) and ligand
atoms? to calculate the dipole moments for tetrahedral
CLSn(IV)(CH,Cl),_,, trigonal bipyramidal Cl,Sn(IV)-
{CH,Cl);_.X and octahedral C1,Sa(IV)(CH-Cl),_,2X type
complexes.

TABLE I: Orbital Transformation Schemes for
CLSa (IV) (CHxC),.., Type Complexes

(A) C135n (1V) (CH:Cl) Complex

Teirabedral

representation ___ oot Ligand orbitals
2 5 % (014 C 02+ 03+02)
t(x) 6ps % (o1—Cortos—ay)
() 5py %(01+C0‘z"—0'3—0'4)
t(z) 5pe %(0'1“6'02—034'04)

(B) C1;8n (IV) (CH,Cl); Complex

cepresoniation  oroial Ligand orbiale
@ 5s -lg(al+az+ Cas+Coy
t(x) 5ps %— (61—02+Co3—Coy)
(9 5p; -.i—(m- 03—Co3—Cay)
t(z) 5p. —;:7(01—02—003+Cﬂ4)

{C) CISn (IV) (CH:Cl); Complex

mgl{ggn“g{fm Metal Ligand orbitals
a 55 -:13—(01+C02+C63+ Cod)
t{z) 5p. % (61— Ce2+Co3—Cury)
() 50, 301+ Co2—Cay—~Ca))
t(z) 5p: —%(UL—Caz—Cds-F Cay)

__Electronegativity of C atom _ 4
Where C= Electronegativity of Cl atom D.553%

TABLE 2: Orbital Trasformation Schemes for Trigonal Bipyramidal
C1.Sn (IVXCHCl);- . X Type Complexes

(A) Sn AV} CLX Type Complex (X: Dioxane)
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(a) Isomer (1)
Irreducible Metal . .
representation orbital Ligand orbitals
ay’ 5 ~/}? Clo1+as+05)
: 1
5d. 'J? (0’4+C0'5)
’ 1 1
5d, d pig? e — R — —_—y—
€ 5y, 5 7 Cloz—03) 78 C (20, —02—04)
ag 5p, *“’z"f} (04—Cas)
(b) Isomer (2}
Irreducible Metal . .
representation  orbital Ligand orbitals
@’ 5s - (0+Cor+ Cay)
5d. —‘715-0(64—#05)
¢ 5!.'.',,, 5d,o_,e —.\}]_:T (ng_-Cgs)'
—}‘6—(201*-6'0'2—(:63)
02" 5p: —;,l-z= (Cﬁ&—*a’s)

(B) ClzSn{(IVXCH:CDX Type Complex (X: Ethylacetate)

{c). 1somer {1)
Irreducible Metal . .
representation orbital Ligand orbitals
a’ as #,1.,‘)? Clo1+02+405)
5d,: T%_ (C’G’.‘ "[—05)
< 5d.y, 5d,2_ye '71—12“'0(02"03),
—'Tl-g-*c (201 —02 --0'3)
ay”’ 5p: % (Cloy—o3)
(d) Isomer (2)
Irreducible Metal . .
representation orbital Ligand orbitals
ay’ 5 —V,I_:,}-—(C"01+C02+C03)
5d.s —:}-,}f (Coyt0s)
e 5dx;n sdcz-,? 71?- (Corz—-Cag) N
_4)"1!6= (20’01 "Cap,— Cﬂ';;)
as’’ 5p. *:}73»—' (Coy—a5)
(¢) Isomer (3)
Irreducible Metal . .
representation orbital Ligand orbitals
’ 1
a 5s o1+ Caz+C
1 ‘J-g' ( 1 2+ 0-3)
5d: .71_2, (C'oy+Cas)
1
! d: 28—y A C "-‘C »
e 5d.y, 5ds:_, 73 (Coy—~Cos)
71—67 (20, —Co,—Co3)
ay'’ 5p: 71*27 (C'ey—Cos)
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(C) C1Sn (IV) (CHoCY), X Type Complex (X: Ethylacetate)
(€) Isomer (1)

representation  orbial Ligand orbitals
a’ 5s %(C ¢+ Coz+ Cay)
5d. —JI-QT (244 Cos)
s 5d,,, 5d,:_,: —Jl-? (2C’'01—Ca;—Coy),
_JlT (Ca,—Co3)
o 5p. —(o=C'ov)
(@) Isomer (2)
representaton  orbial Ligand orbitals
a/’ 5s _1}_3‘ {Co1+C'ra+Ca3)
5d.: _Jl?' (63+Cas)
¢ 5.y, 54d,2_,: -:/1—2- (C'ar—C'03).
—(2Ca1~C'3—~C'ay)
ay’ 5p. %‘2? (0e—Cas)
(h) Isomer (3)
represeniation  orbita Ligand orbitals
a 55 —:}?- {01+ C'a2+Cay)
5d. —;,1.2.—(CJ4+C’05)
g 5d,y, 5dye_yz 717— (C’o,—Coaz),
—:/Ig-— (26,—C’0y—Ca3s)
ay’’ 5p. —lﬁ (Coy—Clos)

(D) C1Sn (IV) (CH,Chs X Type Complex (X: Ethylacetate)
(i) Isomer (1)

re;f-?sgn"fiﬁlgn 3}'&‘ 2:1 Ligand orbitals
@’ 5s ‘:;1? C'(o1+02+03)
5d,: 75 (24+Cos)
'3 5d.y, 5y, _‘_’}? C' (62—153),
—y;[B-'C' (261—02—09)
@’ 5p- —Jlg—-' {(ea—Cos)
(j) Isomer (2)
re]gggg?ilgn gﬁﬁ:ﬂl Ligand orbitals
a’ 55 —(CartCort C'ay)
5d.« 1 (04+C'0s)

vz
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e 5d., 5d,:_,» %(C'dg—c’da)‘
713, (2Ca;—C'as—C'as)
ay’’ 5p. —Jl—?—-(a;-C’a 5)

__ Electronegativity of Cl _

Where C Ei negativity of O 0.8524
,. Electronegativity of C___

Cr= Electronegativity of O 0.7530

TABLE 3: Orbital Transformation Schemes for Octahedral
C1,Sn(V) (CH;Cl);-.2X Type Complexes

(A) Sn (IV)C2X Type Comples (X: Dioxane)

{a) Isomer (1)
Irreducible Metal . s
representation  orbital Ligand orbitals
@ 5s —\} 5 (Co1+Ca2+Coa+Coag+ 5406}
1
4 5d, '71—3 204+ 206—Cay;—Co3—Caz—Coy)

5d,:y0 %C (n+o2+a3+0y)

t 5p: —V,l-fcfér“ds)
5p, ‘:}‘&-‘C(" 1—04)
1

5p. v (05—06)

(&) Isomer (2)

Trreducible Metal
representation  orbital

Ligand orbitals

o) 5s —Jl_s.- (o1+Co2+ Cog+Cos+ a5+ Cog)
4 5d,: _«.}1:2 {205+ 2Cas—Cay—Coa—Co3—Coy)

5d,:_, -%—(JI—CUz'F Co3—Cay)

(31 5p: '—v,l?- (1 —Cos)
50,  —g-Clor—0y)

5p. —J—; (e5—Coe)

(B) ClySn(IV) {CH,CY) 2X Type Complex (X: Ethylacetate)

(c) Ismoer (1)

Irreducible Metal

representation  orbital Ligand orbitals

a 5s ﬁ(cm C'Gs+Cos+Coyt 05+ 06)

€ 5d,s _v’lﬁ (205+206—Coy—C’03—Co3—Coy)

5.1 +(Ca1~C'ortCos—Car)

t 5P —JI-?C (o1—03)
5p, —.}? (Clor—o)

5p, —}i-(as-ae)
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(d) Isomer (2) _ . _ (h) Isomer (3) .
Irreducible Metal . . Irreducible Metal . .
representation - orbital Ligand orbitals representation - orbital - Ligand orbitals
a 5s '3 (01-+Cas+Cos+ Coyt g5+ Clas) a 55 «/-G (C 01+C02+63-[—04+C65+C'3)
e 5d.: ﬁﬁ —=(205+2C"06—01—Cuy—Co3—Coy} e 5d. ?TE’ (2Cas+2C 05— C'a1—Cor—o3—0,)
5d,:_,2 g(ﬁr—CJa'l"COa—CJ‘) 5d.e_ 2 £ (C'a1—Coa+ a3—0v4)
s 5p. —1-# (6:—Co3) L2 5 -——— (C'oy—03)
5py 42— —-Cloz—0y) 50y _\/1_7_ (Coz—oy)
5p. _j-z- (¢5—C’0s) 5p: % (Cos—C’0¢)
© ® (D) CISn (IV) (CHzCl)s 2X Type Complex (X : Ethylacetate)
I (i) Isomer (1)
Irreducible Meta . :
representation  orbital Ligand orbitals Trreducible Metal . .
representation  orbital Ligand orbitals
ay 5s = {g1+Coz+Co3+C'ost o5+ Cog) ]
_ @ 5s = (C'o1+Co2+C'03+Cl0y+ 054 05)
e 5ds Car—Caz—C'oy) M
. e 5d,. -—JE (20'3+205—C’0‘1—C0‘2—C’0'3—C’0)
Sd,tn,: —;—(ﬂl—‘Cd‘z—-Cﬂ'a—C"O}) 1
5d._ »” 5 (C’Jl —C02+C’03—Cfﬂ4)
¢ 5ps \,.1? (61—Co3)
L} 5p: WC’(O'I_'J'S)
5p, Jlf (02—C'00)
5[)). J? (CO‘z—C 04)
5p: J% (e5—Coq)
Sp: .J-—z (65—06)
(C) C158n (IV) (CH:Cl1); 2X type Complex (X: Ethylacetate) ) lsomer (2)
(f) Isomer (1) Irreducible Metal Ligand .
. represeniation  orbital 18and orbitals
Irreducible Metal Ligand orbitals
representation  orbital 8 ; )
) a 5s 75 (o1+C02+ Cas+Clost05
. . ’ C C!
ay . 58 -:(,:JGT(C a1+ Caat+ Cos+Cloy+ a5+ 06) +Cas)
e  5dy J=(205+206“C'61—002-C63-C G4) ¢ 5. J_ (205+2Cos—a,—C'o3— 'y
5diy  4-(C'or—CoytCos—Clay) —Clod
, 5 1 (Cro—Coy 5d,._,: -%- (61~C'03+C'a3—C'aoy)
1 z 1—Cog
"( 2 f 5p: 75 (01—=Clo3)
Spy \/ > {Cos—C04)
apy _}:C’ (62—03)
5p. _ﬁ_ (@s—06) vz
| 5. —5(0s—Cop)
(2) Isomer (2) (k) 1somer (3)
Irreducible Metal . . i . .
representation orbital Ligand orbitals rcl:;f,‘;g,‘.’f;ﬂ'c‘,’n ‘l;!gitg:[ Ligand orbitals
. 1 ’ ’
ar 55 -—J?(C o1+ Cog+ 034+ C'o4+o5+ Cag) ay 5s T}:G-—:-(C"O'y‘]"ﬁz-l- C'o34-Coy+064+C'o6)
= 1 ’ ’ .
C - Bd. —:;;i-—é- (20'5+2CG‘5-C l?:—"COTz—O‘a'—C oq) P 5d,: ';}1—5{20‘5-!-26"0'5—(:'0‘]~02—C"0‘3-CJ.1}
5d,:_,2 % (C’o1,—Cort03—Cloy) 5.,z l (C'o1—034+C'33—Cay)
& 5]:" \"t_— (C’ 1_63) i 5]3_1- 1/_ — (01—-0’3)
5p, J 5 (Co,—Ca)) 5p, ;}7 (02~Cag)
5p: .- V,-w (e5—Cos) 5p. 1 {o5—C’0¢)

V7
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Electronegativity of Cl
Where m=
ere C'= Electronegativity of O .

- _Electronegativity of C
Electronegativity of O =0.7530

2, EHT Calculation of the Dipole Moments

For organotin(IV) complexes, it was reported that four
coordinate compounds have the tetrahedral structure and
five coordinate Su({IV) compounds the trigonal bipyramidal
structure.?* We therefore choose tetrahedral Cl,Sn(IV)-
(CH,CD,_,, trigonal bipyramidal C1,Sn(IV){(CHzCl)y,X
and octahedral Cl,Sn(IVKCHCl), ,2X type complexes to
calculate the dipole moments for organotin(IV) complexes
(X: ethylacetate or dioxane).

Tt was also reported that for organotin{IV) chelate complex-
es S-ketoenolate ligand exchange very rapidly at room tem-
perature!® and complexes of tin(IV) halides and organotin
(IV) halides with organic sulfides and selenides undergo the
pyramidal atomic inversion about sulfur and selenium.? A
trigonal bipyramidal molecule with five different ligands was
found to exist as 20 different geometric isomers and octahedral
molecule, such as occurs throughout transition metal chemis-
try, with six different ligands as 30 different geometrical iso-
mers.2#¢ Such experimental facts indicated that rearrange-
ments between different ligands are possible providing that
energetics permits. we therefore choose two or three geo-
metrical isomers for f{rigonal bipyramidal Cl,Sn(IV)-
(CH,-C1),_,X and octahedral CLSn(1V) (CH,Cl),_,2X type
complexes to investigate the effect of solvent on the dipole mo-
ments. The geometric structures of these organotin{IV) com-
plexes are represented in Figure 1, 2 and 3, respectively.

{A) CIzSn{VHTHCI) complex

4

C CHpCI

" @ C

/Y2 @ Snflv)

“(B)Cl2SnlIVIICHaC2 comptex

4 4

Figure 1. Coordinate systems for tetrahedral Cl,Sn{tV) (CH,Cl)
4-n type complexes,

(C) CISMVICHZCI) complex
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Here we assume that the 0, T; and Dy, symmetries are still
maintained for octahedral CL,Sn(IV) (CH,Cl)4_,2X, tetrahed-

{(a) Sn(lzv)cup( complex (X: Dioxane)
)\ }s2 >
11/1 o

[B Clzar{tVHCRRCNX complex {X: Ethylacetate )

(a)lsomer( ) {b)iomer(2)

. ) (d) (e)
'l Is,comer( 1) Isomer(2) Isomer( ,3)

(C) ClaSntvICHC2 X complex {X: Ethylaceiote)

Tiv- ]*\i > ; .

"”l () L l TS L]/ {h)

1comer{ | ) lsomer(2) isomer{3}
(D) CISNIVICHRCNZX complex (X: Ethylocetate)
A o Cl
! o L ) T o CH2CI
M 0 - @ Dioxane
P ) p (1 e Ethylacetate
& l imomert 1) ® l 1somer(2) @ Sn(lv)/
Figure 2. Coordinate systems for trigonal bipyramidal
CL,Sn{IV) (CH,Cl)y_ X type complexes.
(A) snlly)Cig2X complex (X: Dioxane) ey
A
& Ct
—»3 ) A © CHaCl

l" 7./ © Dioxane

® Ethylacekie
ylo) I (o) @ Snlv)
Isomer( | ) Isomer(2}

(3) ClzSniy XCHaCH2X complex {X: Ethykicetate}

(d)
*/'lsomer(Z
AR
(c) (e) __. —I .

Isomer{ 1) Isomer( 3)
(C) QS ICHRCN 22X complex (X: Ethylacetote}

(g)
C/' / /" - — [somer( 2
T (f o (h) -
lsomer 1) lsomer( 3

(D) CISnﬂ\I)(Cchl)BzX comprex (X Ethylacetate )

/‘}kl —F ‘L 7 Jsomer(2)
VAV OVA Yo

Isornert 1 ) isormer( 3)

Figure 3. Coordinate systems for octahedral Cl,Sn(IV)
(CH4Cl) . x2X type complexes.
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ral ClSn(IV} (CH.Cl),-, and trigonal bipyramidal Cl,Sn(IV)-
(CH,Cl)y_..X type complexes although (4-n) chlorine atoms
have been replaced to form cis complexes by carbon atoms of
CH_Cl. It is necessary to stress that only ¢—bonds are assumed
to be formed between Sn(IV) atom and ligands because the
bonding in most Sn(IV) compounds was reported to be large-
ly covailent and the properties of these complexes could be
explained most satisfactorily by covalent arguments,?® and
tin-oxygen (ligand atom) bonds are of a simple polar type
lacking (p—d)z character, no appreciable fraction of the
ligands was found to be unbound.!®

We thus adopt the modified approximate molecular orbitals
of tetrahedral, trigonal bipyramidal and octahedral complex-
es. We also adopt the ¢ bonding orbitals as a linear combina-
tion of ns and np. orbitals of ligands as follows (n=2 or 3)

o(ty=sin 8(ns) -cos 8(np,) (1)

The degree of hybridization is estimated after the manner of
Ballhausen and Gray® by minimizing the quantity VSIP(#)/
S(8); where S(8) is the overlap integrals of the atomic orbi-
tals for Sn{IV) with ligand hybrid orbital of varying values &,
while VSIP(#) is the valence state ionization potential of the
same ligand hybrid orbital. The angle at which the minimum
occurred are listed in Table 4.
The molecular orbitals may be approximated as

$i(MO) =N {a.l" (M) + 8.7, (1) + 7,/ (D)}
¢*(MO) =N a7, (M) + 827D +r 20 (D) (D

Where N; and N;* are normalization constants for bonding
and antibonding molecular orbitals given by

Ni={al+2a:8;: D i(MY T (D) >+ 207, T (M) | T 1D} >

BT ) T >+ 720 DT > E
N¥= {a* +2a2 80T, (MY | T; (D>
F2atr A<M 1T (1) >
FBRST D LD >+ <T@ Py (>) 7
3)

The molecular orbital energies and the corresponding-
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eigenvectors are obtained by solving the following secular
equation.?

(H,—j—G;jE):O (4}

Where G;; is the group overlap integral. In equation (4), the
digonal matrix elements for the central orbitals, H;, are esti-

mated as the negative of the valence state ionization potential
(VSIP) of tin atom.?8.2¢

H;j= —VSIP of Sn atom (5)

and off-diagonal matrix elements are calculated by using
Wolfberg and Helmholtz approximation.3

H,-j=~%~FG(H,-;+ H,) (6)
Where F=1.75. Since we choose the s bonding orbitals for
TABLE 4: Degree of Hybridization

(A) Degree of hybridization for CLSn(IV)X,., Complexes (X:
CH:C)

Representation sin @ cos @ [/}
a) 0 i ¢
H1(p} 0 1 0
f2(d) 1 ] 90

(B) Degree of hybridization for CI,Sn (V) X,.,Y Complexes (X:
CH,Cl, Y: Dioxane or Ethylacetate)

Representation sin § cos & [
a,’(s} 0 1 0
a'(d) 1 0 90
e’ 1 ¢ %0
ay”’ 0 1 0

(C) Degree of hybeidization for Cl,Sn(IV) X,;_,2Y Complexes (X:
CH,Cl, Y: Ethylacetate)

Representation sin @ cos § 8
a 0 1 0
e 1 L] 90
H 0 1 0
(@: Degree)

TABLE 5: The Group Overlap Integrals and Molecular Orbital Energies for Tetrahedral Complexes

{A) C:SHIVNCH;Cl) Complex

syt Gy Ei(eV) o B E#*(eV) a* p*
ay 0.3337 —-20.84 0.8156 0.6783 —7.34 —0.3673 0.9952
9 0.2704 —17.76 0.6807 0.7846 —5.14 0.9394 —0.4432
0.2704 —~17.76 0.6807 0.7846 —35.14 0.9394 —0.4432
(B) C1,Sa(dV) (CHCl); Complex
MO , *(eV * *
Symmetry Gu El (ev) a; ﬁf Ei (e ) @; ﬂi
ay 0.2575 —20.54 0.6968 0.7638 —-7.03 —0.5599 0.8601
f 0.2164 —14.68 0.6518 0.7901 —5.56 0.9124 —0.4654
0.2164 —14.68 0.6518 0.7901 —5.56 0.9124 —0.4654
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(0) CiSa(1V) {(CH:C1); Complex
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MO

symmetry E,(eV) «; i E*(eV) ot G*
4 0.1814 —~16.80 0.7920 0.6377 —7.53 —0.4835 0.8946
# 0.1624 ~12.05 0.6383 0.7872 —5.94 0.8804 —0.5020
0.1624 —12.05 0.6383 0.7872 —5.94 0.8804 —0,5020
TABLE 6: Group Overlap Integrals and Molecular Orbital Energies for Trigonal Bipyramidal Complesex
(A) Sn(AVYCLX Type Complex {X: Dioxane)
() Isomer (1)
synlyl{n?etry G;; Gy; E;(eV) o B 74 E*(eV) a® B 7
a’(8) 0.3025 -~21.76 0.7068 0.7753 —6.01 —0.5252 0.9082
a’{d.2) 0.4193 —40.03 0.6836 0.8663 —1.78 1.0707 —0.2535
e 0.1013 —23.33 0.1569 —0.7639 0.6702 —-2.27 0.9659 —0.0958 —0.1113
0.0585 —15.73 0.1021 0.8212  0.5988
ar’ 0.3199 ~20.27 0.7269 0.7653 —4.69 0.9576 —0.4439
(b) Tsomer (2)
MO G G E;(ev) E.*(eV * » »
Symmeh'}r i (3] ;e &; 18{ 7 i (e ) a; ﬂi ¥
a’ (5) 0.2802 —~22.31 0.6600 0.8060 —-7.02 —0.5888 0.8594
ar’ (d,e) 0.4193 —26.86 0.7171 0.8361 —-2.09 1.0597  —0.3005
e’ 0.3241 —28.82 0.4609 —0.5658  0.7965 —1.56 1.018t% —=0.1337  0.2410
0.0702 —25.35 0.1553 0.8832  0.4669
ay”’ 0.3387 —17.74 0.83048 0.6941 —4.17 0.9257 —0.5222
(B) CLSa(@VXCH,CHX Type Complex (X: Ethylacetate)
(¢} Isomer (1)
syrh:n?etry G;, Gy E(eV) &«; B Ti EX(eV) a* Bi* r*
ay’ () 0.3025 —21.76  0.7068 0.7753 —6.0t —0.5252  0.95082
o’ (dz?) 0.1206 —23.44 0.3002 0.9616 -3.27 0.9908 —0.1820
e 0.1013 —1390  0.1698 -0.3287 0.9276 —2.42 0.9933 —0.0506 ~0.0897
0.0585 —16.67  0.0352 0.9722 0.2944
ag’’ 0.2072 —14.35 0.6429 0.7948 —5.65 09107 —0.4643
{d) Isomer (2)
MO Gy Gy Ei(eV) @ ) , E*(eV) a p* »
symmetry if L% i i V ¥i i i i ¥i
ar’(s) 0.3008 ~20.89 0.7366 0.7462 —5.62 —0.4901 0.9270
a’ (d=%) 0.4193 —39.88 0.6813 0.8655 —1.88 10714 —0.2556
¢ 0.1152 —19.77 02010 —0.1287 0.9705 —-2.38 0.9939 —0.0487 —0.0925
0.0665 —13.02 00103 1.0155 0.0841
ay”’ 0.3387 —17.74  0.8049 0.6941 —4.16 09256 —0.5222
(e) Isomer (3)
syr]:l‘ln?etry G: i G 5 E;(eV) a; B Ti E#(eV) at B n*
ay () 0.2802 —22.31 0.6600 0.8060 —~7.02 —0,5888 0.8594
ay’ (dz?) 0.3973 —23.73 0.6984 0.8365 -2.25 10451 —0.3086
4 0.3178 —-28.61 0.4453 —0.5948  0.745t —-1.59 1.0151 —0.136¢  —0.2417
0.0701 —25.29 0.1635 0.8654  0.4967
g’ 0.2259 —1242 0.7685 0.6805 —4,92 0.8366 —0.5949
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(C) QLS(TV) (CH:CN2-X Type Complex (X: Ethylacetate)

(€) Isomer (1)

Sangwoon Ahn, Dong Heu Kim and Se Woung Oh

ooty Ci Gy  E@EV) o« 2 74 E*V)  ar B e
a1’ (s) 0.3154 —20,46 0.7696 0.7199 —~4.81 —~0.4404 0.9574
a,’ (d22) 0.1206 —23.44 0.3002 0.9616 —-3.27 0.9908 —1{.1820
e 0.1152 —19.77 0.2010 —0.1287 0.9702 -2.38 0.9939 —0.0487 —0.0925
0.0665 —13.02 0.0103 1.0155  (.0841 . :
at’’ 02702 —14,35 0.6429 0.7948 —5.65 0.9107 —0.4643
(@) Isomer (2) '
syl!:[ n%t ry Gi; Gij E;(eV) «; B: i EX(eV) a* B " r*
a1 () 0.1785 —-15.72 0.8704 0.5247 —6.dt -0.3609 0.9501
a’ (d) 04193 —19.88 0.6813 0.8653 —1.88 L0714 —0.2556
e 0.1577 —13.72 0.2346 —0.6634 0.7205 ~2.29 0.9865 —0.0907 —0.18t6
0.0673 —12.51 0.1332 0.7963  0.6165 '
as’’ 0.3200 ~20.27 0.7635 0.6805 —4.69 0.8366 —0.5949
(h) Isomer (3) '
MO G G Ei(eV) @ 8 EF(eV . s *
symmetry i 45 i i O ¥i *(eV) @, B I T
ay(s) 0.2879 —~21.38 0.7030 0.7721 —6.34 —-0.5371 .8955
a’(ds)  0.3973 ~23.73 0.6984 0.8365 ~2.25 1.0451  —0.3086
e 0.1501 —16.05 02175 —0.1625  0.9633 —2.34 09916 —0.0557 —0.1229
0.0719 —12.87 0.034% 1.0042 0.1233
ap’”’ 0.3004 —14.57 0.7685 3.6805 —4.20 0.8366 —{).5949
(D) CISn(IV) (CH,CNsX type Complex (X: Ethylacetate) '
(i} Isomer (1)
MO
Ssymmoetry Gi; Gy; E:(eV) aj 8 7: Et(eV) a B* 7
a(s) 0.3184 —19.51 © —0.810%9  0.6747 —3.98 —0.38(5 0.9835
a’(d,) 0.4194 —39.88 0.6813  0.8655 —1.88 1.0714 —0.2556 .
4 0.0556 —10.14 —{(.0491 0.9012 —0.4320 —2.48 0.9878 0.8 -0.0739
0.0080 —-9,99 0.1398  0.4247 0.8841
ay’ 0.3247 —22.54 0.7041  0.7888 —4.77 0.9747  —0.4098
{i) Isomer (2)
MO o
symmetry Gii Gl.f' E.i (eV) a5 B ¥i E* (eV) a* B i
a1(s) 0.3154 —20.46 0.7696  0.7199 —~4.81 —0.4404 09574
ay’(d.2) 0.3973 —-23.73 0.6984  0.8365 225 1.0451 —0,3085
p 0.1430 —22.16 —0.0931 09398 —0.1663 ~2.50 1.0602 0.0i44  —-0.1565
0.0278 —15.10 ¢.4033  0.1440 0.9825 .
ay’! 0.3469 —16.16 0.8541 0.6382 —3.78 0.8949  —0.5797

ligands as a hybridized atomic orbital of #s and »p,, the
corresponding diagonal matrix elements are then estimated

from3!

Hy=— {sin? 8(VSIP of ns)+cos®@(VSIP of np:} (7)

Group overlap integrals and molecular orbital energies

20 T (M) |7 (D>
AL | Ti(D >
rytl0 D el D)

<$:*(MO) [rlg*(MO)>
=N* La**T(M) e (D) >
R A<M LY (D>

for tetrahedral CLSn(IV) (CH,Cl),.,, trigonal bipyramidal
CLSn(IV) (CH,CD),-..X and octahedral CLSo(IV){CH Cly,...-
2X type complexes are listed in Tables 5, 6and 7, respectively.
Energy level diagrams for those complexes are listed in Figure 4
and 5, respectively.

The general formulas of the dipole moment matrix elements
for the bonding and antibonding molecular orbitals are

< $;(MO) | r1;(MOY >=N2 20,8, (M) |r| T:(D) >

LBMLTAD DD >+ D | T (D>}

8

Applying the coordinate transformation schemes for tetra-
hedrai?!, trigonal bipyramidal®® and octahedral’® complexes,
we evaluate the dipole moment matrix elements and then
calculate the dipole moments for tetrahedral CI,Sn(IV)-
(CHzCI)‘,L,., trigonal bipyramidal Cl,Sn(lV) (CH,Cl) X
and octahedral C1,Sa(IVXCH,CI);.,2X type complexes. The
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TABLE 7: The Group Overlap Integrals and Molecular Orbital Energies for Octahedral Complexes
(A) SnIV)C12X Type Complex (X: Dioxane)
(8) Isomer (1)
M
sym&w Gi; Ei(eV) a,- B E*(eV) a B*
a 0.3963 —29.00 0.6245 0.8923 —5.40 —0.5718 0.9270
e z? 0.4846 -~49.66 0.7712 0.8439 —1.32 1.1119 -0.2657
22—y? 0.4267 —29.80 0.7046 0.8521 —1.68 1.0713 ~0.2737
N x 03387 —17.74 0.8049 0.6941 —4.16 0.9256 —0.5222
¥ 0.3387 —17.74 0.8049 0.6941 —4.16 0.9256 —0.5222
z 0.3013 —22.80 0.6592 0.8156 —5.06 0.9763 —0.3828
(b) Isomer (2)
MO
symmetry G; E;(eV) & B: E#*(eV) @ B+
@ 0.3963 —29.00 0.6245 0.8923 —35.40 —(.5718 09270
¢ 22 0.4175 —36.38 0.6855 0.8605 —1.96 1.0658 —~0.2634
a2—y2 0.3417 —29.83 0.5705 0.8982 ~2.12 1.0391 —0.2293
4 z 0.3200 —20.27 0.7269 0.7653 —4.69 0.9576 —0.4439
0.3387 —17.74 0.8049 0.694t —4.16 0.9256 —0.5222
z 0.3200 —20.27 0.7269 0.7653 —4.69 0.9576 —0.4439
(B) C13Sa@V) (CHC1) 2X Type Complex (X: Ethylacetate)
(¢) Isomer (1)
syhrggetry G;; E,(Ve) @; B E*(eV) at s+
a 0.3433 —25.01 0.6558 0.8388 —59 —0.5627 0.9038
e 22 0.3042 —34.62 05112 09169 —2.68 1.029%0 —0.2080
a%—»2 0.3350 —22.82 0.5859 0.8849 -2.21 1.0301 —0.2293
8 x 0.3387 —17.74 0.8049 0.6941 —4.16 0.9256 —~(.5222
¥ 0.3242 —~18.22 0.7701 0.7242 —4.43 0.9347 —0.4937
z 0.3013 —22.80 0.6592 0.8157 —5.08 0.9763 —0.3828
(d) Isomer (2)
sygl‘r?euy Gi; Ei(eY) @; B: E*(eV) o * 8*
@ 0.3433 -25.01 0.6558 0.8388 —591 —0.5627 0.9038
e 2% 0.4465 —45.80 0.7148 0.8590 —1.62 1.0878 —0.2561
x2—y2 0.3417 —29.83 0.5705 0.8982 —-2.12 1.0391 —0.2293
8 x 0.3200 —20.27 0.7269 0.7653 —4.69 0.9576 —~0.4439
¥ 0.3387 —17.74 0.83049 0.6941 —4.19 0.9256 —~0.5222
z 0.3432 —18.22 0.7701 0.7242 —4.43 0.9347 —~0.4937
(e) Isomer (3)
MO cs . . » A "l
symmetry Gi Ei(eV) & B; E2(eV) a; ;
a 0.3433 —25.01 0.6558 0.8388 —-5.91 —0.5627 0.9038
e %2 0.4867 —43.11 0.7841 0.8340 —145 1.0249 —0.2324
a2—x2 0.2500 —23.88 0.4409 0.9340 —2.66 1.0145 ~0.1933
f x 0.3200 —20.27 0.7269 0.7653 —4.69 0.9576 —0.4439
¥ 0.3242 —18.22 0.7701 0.7242 —4.43 0.9347 —0.4937
z 0.3200 -20.27 0.7229 0.7653 —4.69 0.9576 —-0.4439
(C) C1:Sn(IV) (CH2C1):2X Type Complex (X: Ethylacetate)
() Isomer (1)
syrll\'l{r(r?etry Gij Ei(eV) Q; B EXeV) a* B
ay 0.2812 —22.28 0.7205 0.7528 —6.71 —0.5198 0.9032
e 2 0.1984 ~—29.50 0.3507 0.9585 —3.35 1.0089 —0.2473
22—y 0.2433 ~17.65 0.4591 0.9231 -2.71 1.0071 —0.2207
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t z 0.3429 —15.82 0.8561 0.5327 —3.78 0.8879 —0.5873
¥ 0.3429 —15.82 0.8561 0.6327 —3.78 0,8879 —0.5873
z 0.3013 —22.80 0.6952 0.8157 —5.08 0.9763 —0.3828
(g) Isomer (2)
ety Gi; EfeV) a B Ep@eV) a? s
ay 0.2812 —22.28 0.7205 0.7528 -6.71 —~0.5198 0.9032
P 22 0.3759 —22.54 0.6458 0.8645 —2.33 1.0439 ~0.2735
a?—-y? 0.1583 —19.60 0.2979 0.9680 —3.08 1.0029 —0,1409
t x 0.3242 —18.22 0.7701 0.7242 —-443 3.9347 —~0.4937
¥ 0.3429 —15.82 0.8561 0.7281 —3.78 0.8879 —0.5873
z 0.3200 —20.27 0.7269 0.7653 —4.69 0.9576 —0.4439
(h) Isomer (3)
syrrNtIrgelry Gi Ei(eY) i B Er(eV) a;* s
a) 0.2812 ~2228 0.7205 0.7528 —6.71 —0.5198 0.9032
& z 0.2575 —21.56 0.4771 0.9680 —3.06 1.0102 —0.1409
z2—y? 0.1651 —25.26 0.29316 0.9705 -304 1.0056 —0.1294
21 x 0.3242 —18.22 0,7701 0.7242 —~4.43 0.9337 —0.4937
¥ 0.3200 —20.27 0.7269 0.7653 —4.69 0.9576 -—(.4439
z 0,3429 —15.82 0.8561 0.6327 —3.78 0.8879 —0.3828
(D) CISHIVYCHN:2X Type Complex (X: Ethylacetate)
(i) Isomer (1)
sygn?etw G; Ei(eV) & B: Er(eV) a;* . ﬁs‘f
a 0. 2373 —19.92 0. 7651 0. 6386 —-7.05 —0. 4874 0. 9067
e 22 0. 1984 —28. 83 0. 3511 0. 9579 —3.35 1. 0086 —0. 1541
x2—y2 0, 1519 —13.91 Q. 3272 0. 9607 —3. 1 0.9976 —Q0. 1679
iy x 0, 2269 —10. 16 0. 7239 0. 7281 —4. 16 —0. 5449 0. 8702
0. 3429 —15.82 0. 8561 0. 6327 ~3.78 0. 8879 —0. 5873
z 0. 3013 —22. 80 0. 6592 0.8175 —5.08 0. 9763 —0. 3828
() Isomer (2) '
syglgetry Gij E.-('eV) @ B E*(eV) o* o ,_5.-" _
o 0. 2373 —19.92 0. 7651 0. 6386 ~7.05 —0.4874 0. 9067
e =? 0. 2870 —28.13 0. 4999 0. 9165 —2.85 1.0214 —0. 2158
22—y 00,1333 -13. 69 0. 2853 0. 9678 ~3.16 0.9972 —0. 1537
" x 0.3242 —18.22 0. 7701 0. 7242 —4.43 Q. 9347 —~0.4937
y 0, 2269 —10.76 0. 7239 0. 7281 —4.16 —0. 5449 0. 8702
z 0. 3200 —20.27 0. 7269 0. 7653 —4, 69 0. 9576 —0.4439
(k) Isomer (3)
M
symametry Gy E(eV) a Bi E#(eV) o B
ay 0.2373 —19.92 0. 7651 0. 6886 —7.05 —0. 4874 0. 5067
e 52 0. 1546 —-22.04 0.2932 0. 9688 -—3.58 1. 0025 ~0, 1398
xi—y2  0.1583 —19.60 0.2979 Q. 9680 -3,08 1. 0029 —0. 1409
t x 0. 2269 -10.76 0.7239 0. 7281 —4.16 —0. 5449 0. 8702
¥ 0. 3200 -~20.27 0. 7269 0. 7653 —4, 69 0.9576 —0. 4439
& 0. 3242 —18.22 0. 7701 0, 7242 —4.43 0. 9347 ~0.4937
dipole moments are listed in Table 8, 9 and 10, respectively. The calculated dipole moment for CL,Sn(IVYCH,Cl),, 6.161D,

is almost double to the experimental value, 3.17D, This cal-
culated result for Cl,Sn(IV) (CH,CI), may suggests that there

The calculated dipole moments for tetrahedral Cl,Sn(IV) exists an equilibrium between the cis and traus tetrahedral
(CH,Cl),_, type complexes are very close to the experimental CLSn(IV) (CH,Cl), complex in benzene solution. Such an
values in benzene solutions except for CLSn(IV) (CH,Cl),. equilibrium may cause the calculated dipole moment for this

3. Resnlts and Discussion
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complex to deviate greatly from the experimental value,

In the case of Sn(1V) Cl, in dioxane solution, the calculated
dipole moment for the trigonal bipyramidal Sn(IV)Cl,X
{Isomer(b)), 3.675 D, is close to the experimental value, 3.82D,
than that for the octahedral Sn(IV) Cl,2X complex, 5.105 D.
Such a result indicates that Sn(IV)Cl, in dioxane solution
may have the trigonal bipyramidal structure [Isomer(b)).

The calculated dipole moment for the octahedrat Cl;Sn(I1V)
(CH,Cl) 2X type complex (Isomer(d)), 7.802, is closer to the
measured value of the dipole moment for Cl,Sn(IV) (CH,Cl)
complex, 8.36, in ethylacetate solution than other isomers
involved in the dipole moment calculation. The calculated
dipole moments for octahedral CISn(IVYCH,CI),2X (Iso-
mer(k}), 8.335D, and CLSn{IV)(CH,Cl};2X [Isomer(h)],
9.461, are also closer to the experimental values than those of
other isomers.for octahedral and trigonal bipyramidal com-
plexes. Such facts suggest that Cl,Sn(IV} (CH,Cl), and CISn-
{IV)(CH,Cl); in ethylacetate solution may have octahedral
structures, Isomer(h) and Isomer(k), as represented in Figure
3C and 3 D, respectively.

We describe the differences in the calculated dipole mo-
ments for trigonal bipyramidal Cl1,Sn(IV) (CHCl);_,X and
octahedral C1,Sn{IV) (CH,Cl),;-.2X type complexes in ethyla-
cetate solution and CLSn(IV) (CH,Cl),_, in benzene solu-
tion in Table 11.

As shown in Table 1!, the calculated difference in the
dipole moment between Sn(1V)Cl, and the trigonal bipyramid-
al Sn(1V) CI,X type complex (Isomer (b)) is close to the
experimental difference in the dipole momeont. The calculated
differences in the dipole momentis between C1,Sn(iV) (CH.Cl)
1-p and octahedral Cl1Sn(IVNCH.Cl),.,2X are however
close to the experimental differences in the dipole moments
except for ClL.Sn(IVXCH,CIl), type complex which we
are assumed to exist equilibrium mixture of the cis and trans
forms, The calculated results in Table 11 also indicate that
Sn{IV)Cl,; may have the trigonal bipyramidal structure {Iso-
met(b)) in dioxane solution, while ClSn(IVHCH.CIl) and
CISn{IV}{(CH,Cl); in ethylacetate solution the octahedral
structures, Isomer(d) and Isomer(k), respectively.

We may guess that for the case of CLSn{lV)(CH,Ch,
complex, an appreciable fraction of this complex exists as

o...

ritv) riimo) rict)

Figure 4. Energy level diagram for trigonal bipyramidal Sn(IV)-
Cl X, Isomer (b}.
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the trans form in benzene solution, However, when this com-
plex dissolves in ethylacetate, the trans complex transforms
to cis form and only cis form exists in ethylacetate solution.

(M) r;{mO) i)

\\ ‘. /,
-201 '_‘i:zev e

>
e(x2-y2)
20}
3 ri r{{mo) Civ)
Cr (e e*(z2)c_ e*(xz—yz)/'f(z)

tHx)

-0

(M ri{mo) fit1}

Figure 5. (a). Energy lavel diagram for octahedral Cl,Sn(lV}-

{CH,Cl). Isomer (d): (b). Energy level diagram for octahedral
CLSN(IV) (CH,Cl),. Isomer (b)), (¢). Energy diagram for
octahedral CISn(lV) (CH4Cl),, Isomer (k)a

TABLE 8: The Calculated Dipole Moments for Tetrahedral CL,Sn
(IV) (CH2Cl)-, Type Complexes

Complex R R’ w(Debye) Exp. value .
Sn (V) C_l; 2.36 0 0 0
ClsSn (IV) (CHCl) 236 2.2% 3.316 3.67
ClsSn IV) (CHCl)2  2.36 2.21 6.161 3.17
CiSn (IV) (CH:Chs  2.36 2.21 3.465 311

Where R : the bond length between Sn (IV) and chlorine atom;
R’: the bond length between Sn(1V) and carbon atom.
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TABLE 9: The Calculated Dipole Moments for Trigonal Bipyramidal C1,Sn(IV) (CH:C1);..,X Type Complexes

(A) Sn(1V)C) X Complex (X: Dioxane)

Exp. value: 3. 82 D

Complex R R’ s sy e u
Isosmer (1) 2.36 2.18 0 0 2.287 2,287
Tsomer (2) 2.36 2.18 3.675 0 0 3.675
(B} CI.Sn(IV) (CH:C))X Complex (X: Ethylacetate) Exp. value: 8. 36 D.
Complex R R’ R U= 1y A 1
Isomer (1) 2.36 2.21 218 0. 0 6.138 6.138
Isomer (2) 2.36 221 2.18 6.181 0 1.944 6.479
Isomer (3) 2.36 221 2.18 2.488 0 2.658 3.641
(C) C1:Sn(1V) (CHCI),X Complex (X: Ethylacetate) Exp. value: 8. 32 D
Complex R R’ R"” s i, e #
Isomer (1} 2.36 2.21 2.18 0.965 0 5.660 5.742
Isomer (2) 2.36 221 2.18 5974 0 2,748 6.576
Isormer (3) 2.36 2.21 2.18 2.600 0 3.693 4.516
{D) CISnQV) (CH:(1)3X Complex (X: Ethylacetate) Exp. value: 794 D
Complex R R’ R" e iy e 2
Isomer (1} 2.36 221 2.18 0 0 1.882 1.882
Isomer (2) 2.36 2.2 2.18 7.634 0 6.367 9.941

Where R: the-bond iength between Sn(1V) and chlorine atom; R’; the bond Jength between Sn(1V) and cabon atom; R’': the bond length

between Sn(lV) and oxygen atom.

TABLE 10: The Calcula ted Dipole Moments for Octahedral C1,Sn(IV) (CHzC)4-,2X Type Complexes

(A) Sn(1V) Cl 2X aomplex (X : Dioxane)

Exp. value: 3. 82 D

Complex R R’ R’ U Yy He M

Isomer (1) 2.36 2.21 218 0 0 0 ¢

Isomer (2) 2.36 2.21 2.18 3.801 0 3.408 5.105

B) ClSn(IV) (CH,CH2ZX Complex (X: Ethylacetate) Exp. value: 8.36 D.
Complex R R’ R’ s Uy e ®

Isomer (1) 2.36 2.2 218 0. 4.130 0. 4.130

Isomer (2) 2.36 2.2 2.18 3.880 0 6.769 7.802

Isomer (3) 2.36 2.21 2.18 4,313 3433 3.223 6.385

(C) Ch:Sn(IV} (CHC1),2X Complex (X : Ethylacetate) Exp. value: 8. 32 D.
Complex R R’ R e 2y M= J7

Isomer (}) 2.36 2.21 2.18 8.008 8.008 0 11.325

Isomer {2) 236 2. 2.18 7.625 3.536 5.245 9.907

Isomer (3) 2.36 2.21 2.18 7.660 4.788 2.814 9.461

(D) CiSa(1V) {CH.Cl); 2X Complex (X: Ethylacrtate) Exp. value: 7.94 D.
Complex - R R’ R” He Ity e I

Isomer (1) 2.36 221 2.18 0 5.055 0. 5.055

Isomer (2) 2.36 2.21 2.18 4.884 \] 3.590 6.061

Isomer (3) 2.36 221 2.18 0 5.206 6.509 8.335

Where R: the bond Iength between Sn(IV) and Chlorine atom; R’ : the bond length between Sn{lV) and Carbon atom; R’’: the bond

length between Sn(IV} and Oxygen atom.
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TABLE 11: The Differences of the Calculated Dipole Momets for C1,Sn(fV) (CH,C);, in Benzene and Ethylacetate Solutions
(A) Trigonal Bipyramidal Complexes

Complexes Ay dp(Exp.)

ClsSn(IV) (CHCD2X Isomer (1) 2.822 4.69
Isomer (2) 3.163 4.69

Isomer (3) 0.325 4.69

ClSn(IV) (CHCI2X Isomer (1) ~0.419 5.1%5
Isomer (2) 0415 5.15

Tsomer (3) —1.645 5.15

CISn(1V) (CH,ClpX Isomer (1) —1.583 4.83
Isomer (2) 6.476 4.83

Si(IV) CLX (X: Dioxane) Isomer (1) 2,287 3.82
Jsomer (2) 3.675 3.82

(B) Octahedral Comples
Complexes dp 4p(Exp.)

ClsSn(1V) (CH,CD2X Isomer (1) 0.814 3.69
Isomer (2) 4.486 469

Isomer (3) 3.069 4.69

C1,Sn(IV) (CH2CIY22X Isomer (1) —1.106 5.15
Isomer (2) --0.100 5.15

Tsomer (3) 2.174 5.15

CISn(IV) (CH4CI)2X Isomer (1) 7.860 4.83
Isomer (2) 6.442 483

Isomer (3) 5.996 4.33

SnIV)Cl2X (X: Dioxane) Tsomer (1) 0 382
Isomer (2) 5.105 3.82
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Study of the Kinetics and Mechanisms of Alkoxy Radical Reactions in the Gas
Phase (I). Arrhenius Parameters for #-Butoxy Radical Reactions with Isobutane

and Cyclohexane

Se Ahn Song and Kwang Yul Choo!

Department of Chemistry, Seoul National University, Seouf 151, Korea (Received July 20, 1983)

The relative Arrhenius parameters for r-butoxy radical decomposition (log 4, E. ) and hydrogen abstraction of z-butoxy
radical from hydrogen donor (log A4,, £,) by competitive method were obtained as follows: for cyclohexane; log A./A4s

=-—4.17 mole/! and E;—E,=9.01 kcal/mole, for isobutane; log 4./A4;=—5.70 mole/l and E,—E,=11.0 kcal/mole.

From the reported Arrhenius parameters for 1-Butoxy radical decomposition reactions the parameters for t-Butoxy radical
reactions with isobutane and cyclohexane are estimated to be log A4(7/mol-sec)=8.4, E,=4.3 kcal/mol and logA (//mot-

sec)=9.9, E,=6.3 kcal/mol, respectively,

1. Introduction

Alkoxy radicals are known to be very important intermedia-
te species in combustion,! biological,? and atmospheric
chemistry.? Alkoxy radicals are obtained either by the
pyrolyses of peroxides and alkyl nitrites* or by the photolyses
of peroxides® and esters.® Alkoxy radicals, once generated,
can either decompose to give ketone and alkyl radicals or
react with hydrogen donor to give corresponding alcohol.
The relative rate constants for the reaction of alkoxy radicals
usually determine the distribution of final products.

Most of alkoxy radical reactions have been studied by a
competition method. The relative rate constants for the
docomposition (k;) versus hydrogen abstraction reaction
{2 )of alkoxy radicals in liquid phase were extensively studied
by Walling and co-workers.” 8 The solvent polarity was found
to be affecting the activation energies for the decomposition
reactions.” Only very recently a direct measurement of ab-
_solute rate constant at low temperatures for i~butoxy radical
reactions with various hydrogen donors by ESR and laser
photolysis techniques was reported.® 10

The gas phase decomposition of alkoxy radicals have also
been studied by competition method, either with NO reaction,
-4 o RO-+NO —> RONO vs. RO- -—> deco-
mposition, or with hydrogen abstraction reaction i,e., RO
+R’H —> ROH + R’ vs. RO.— decomposition. Due
1o the inaccuracies in the rate constants of reference reac-

tions and the narrow temperature ranges, large discrepancies
in Arrhenius parameters have been noticed.’1¢ Baldwin
et af. and Batt and coworkers attempted to design a systema-
tic scheme for the estimation of Arrhenius parameters for the
atkoxy radical reactions. However, their estimated A factor
appears to be too high, so as the activation energies. Recently,
Choo and Benson have made a systematic approach on the
evaluation of Arrhenius parameters for the alkoxy radical
decomposition reactions by a tight transition state model.!”?
They showed that the estimated Arrhenius parameters (log
A= 14.1 sec”!, E,=15.3 kcal/mole) for z-butoxy radical
decomposition reactions gave reasonably self-consistent
results for the rate constants reported at different laboratories
and in different environments.

In this work the ratios of the rate costant of #-butoxy radical
decomposition versus the rate constant of hydrogen abstrac-
tion of zbutoxy radical from cyclohexane or isobutane is
measured. The basic mechanism of di-z-butyl peroxide de-
composition is well known,

Av
(CH3);CO0C(CHy) 5 or heat” 2(CHg)sCO-
(CHy)sCO- —2» CH(COCH;+CH;-

r-butoxy radicals are decomposed to acetone and methyl
radical by @-scission cleavage. When hydrogen donor such
as cyclohexane or isobutane is added,



