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ABSTRACT

• B i s— ( 0 ,0 ’— d i isopropopy l d it h l oph osph atO )d l P h C f l Y l t i f l ( J V ) ,  C24 H 38O4 S4 P 2 Sn ,

-

~ crystallizes in the monoclinic space group P21/n with a 17.517(7), bml4.212(7),

c 6.341(8)A, ~~l0O.63(7 ) ° , V~ l55lA3
, Zrn4, 

~ca1c~~ ’
5° gm cm 3 and ii—l2.l7cm~~.

The structure was determined by the heavy atom technique from 3195 reflectIons

measured at 138±2K on an automatic diffractomcter using iuonochromated

MO_ K
a 

radiation t~~ a final R value of 0.0522. The tightly packed , centro—

symmetric structure consists of trans—dIphcnyltin(1V) units octahedrally

coord in a t ed  by synnllctrlcally chelating dithiop hosphate ester ligands.
0

- • Ther e are  short (3.30A ) In te rmolecula r  s u l f u r — s u l f u r  atom contact  distances
-

~ br ing ing t he t in atoms , which lie along the axis of propagation of the
0

n e e d l e — l i ke hab i t , to a distance of 6.34A.

• - .



I
In the fou r th  part of this series we described the preparation of

a series of diorganotin dithiophosphate esters , R2 SnSP (OR ’) 2, where

Rrn CH
3~ and C6H

5
— and R ’-C113— , C..115— , n—C 3H 7— , i—C 3H7— , n— C 4H9— and

and the i r  cha rac t e r i za t i on  by i n f r a r e d , nmr and ~~~ ‘~Sn Mössbaucr

spec t roscopies. 1 Such systems are of in teres t  s t r u c t u r a l l y 2 since

the di th iophosphat e  ester l i gand  can adopt a monodentate configuration ,

• as we have found for O,O’—dicthyldithiophosphatotriphenyltin(IV),

(C
6
H
5
)
3

SnSP(0C2H5)2, which is described in Part II of this series
3, and

is extremely rare.
4 

Virtually all other known complexes of these ligands

engage the  metal In chela t ing or bridging bidentate behavior.

The title compound , O,O’—dilsopropyldithlophosphatod ipheny lt in(IV),

was synthesized by the action of diphenyltin d.ichloride on the ammohium

salt of diisopropy ldithiophosphoric acid:

S

(C
6
H
5
)
2
SnCl

2
+2 (N H

4
)S p (C

3
H
7~
j) 88¼

S (1)

(C6H5
) 2 Sn [ SP (0C3H 7— I ) 2 ) 2+2NH 4C1

or by the ac tion  of dip heny l tin  oxide on the f ree  acid:

• (C 6Ii 5
) 2 Sn~~ 2H SP(C 3H 7-1) 2 

65% 

(2)

(C 6H5) 2 SnI SP (OC 3H 7— i ) 2 ] 2+H 20

The white  c rys ta l l ine  product which melts  at 108° C was studied by t in—11 9m

Mbssbauer spectro scopy. The isomer s h i f t  ( I .S.)  (=l .4 0+0 .O2nun/s )  and qua drup OlO

spli t t ing (Q. S.) ( 3 .78±0.O4mm/s) vnlues (c 2 .70) specif y a hi gher than

four—coordinated situation at the t in  atom. 5 The magni tude  of the slope of

-~~~ _ _ _  -— ~~~~~—--~~~~~~~ .1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



—2 — 1the  t empera tu re  dependen ce of t he  are ’a under the  Mti ssbauer resonance (—l .06x10 k

be t ween 77 and I SSK i n t I i c ~1t t ~ . t h a t  the  t i l l  .i tom is f i r m ly  held  in t h e  l a t t i e c ,6 8

more t i r m l v  se than  in t h e  co r r e s p e n d in g  bis—(O , 0’ — d i e t h y L h t l l iopho sp h a t o ) —

dip henyltin(IV), (C bH S ) .,Sn [ S} ’ (OC ,} t
S

) ) ] ,, whose structure has recently been

pubi  I shed . Th i s  lat  t et m a t e r I a l  , which e x h i b i t s  a s ope of — 1 92x 10 K between

77 and 150K , t x  i st  s as r~ouemer Ic , s t x — c o o i t i  m a t  ed u n i t s  w i t h  t i n  in a b a d l y

d i s t o r t  i d  oe t ahedr . i  I c’iv I r onment  w i t h  t r a n s —d lp h e n v i  groups  and an! sob i d e n t a t  e

• d t t h s o p h o s p h a t  t 1 i 5a n d s  al~eu t  the g i r d l e  of t he  m o l e c u le .  The t w o  short  Sn—S

d istane es .ir e ¼ - ;— o r I ent  ed, wh i ch  a I ows an .1 it e r n at  i ye v i e w  ol the s t r u c tu r e

as a b a d l y  d i s tor t e d  t o t  r ah edron  about t i n  i n vo l v i n g  the two phenvi  groups

a nd two ln ’ar ost su l  f u r  at  e m S.  However , the  r a t h e r  wide  C—Sn—C angle

(1350) and a c u te  S—Sn—S an g l e s  (69 .2  and 84 .5 ° ) ,  alo ng w i t h  t he  t in — 119m

M~i sshaue r evidence make t h i s  i n t e r p r e t a t i o n  seem less l i k e ly . F ina l ly , a

t rea tment  of the M~ sshaue r and low—energy Raman data  based upon t h e  t ’t l c c —

t iv e  v i b r a t i n g  mass model developed by lle r he r 1° y i e l d s  a un i t  molecula rity

fo r both compounds for  the in te rmolecula r , int r a—un it  cel l , l a t t i c  mode

obse rved at  28 and 34 cm~~ fo r the d i e t h y l — and dilsopropy l derivatives ,

respectively, i n the Raman spectra.

We report in this paper the results of a single—crystal , X—ray

diffraction investigation of the diisopropyl dithiophosphatt’ ester to 
S

de t e rm i ne the manner  in which  t h i s  lattice is t i g h t e ned w i t h  r espect  to

it s d i e th y l ester  an a logue .

• • • • • • • • • •• • . •
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~~xj~ei  Iment at  So0 t t ot!

a t  P a t . C 101: l e s s , need lt ’— l ike  c i  v st  a Is of t ie t i t l e  compound

S I I L  tabl e I C !  L l ! t i ’ its  i t  V r t ’ . I s t t I  omi ’ ut  5 ~‘I’ t t ’ t ’t’t aitied hr s lew i’v . I p o t a t  l t ’I% ot  ~

henren e so lut  i~ n • A C I Vs  tat of . i pp rex  ima t e ~i imens ions 1) • I ~ rnt x 0. 1 “mm x 0.

was ii~.oJ i i i  t he  m t t  t a t  d i !  I . I c t  e e l  I V  I n v e st  i g . t t  i t ’ti and  s u bs e q u en t  d at a

t e l l  t’t t t Ot! .  Data  were  oht . t i  ned . i t  i SL’k w i t h  .1 & ‘Al~— ~. t t ’t t I ! t  01 d i  .~~~
- t ~~~~ t i~

i s h i t a  t — N e r i t  L IS ‘I cent  ~~ 11 ed t ’v .t PPI ’ $/e  t t ’lnptl t o  I . t t i d  1 i t t  i’d w i t h  a low

.i is nr c app a l  a is us • Ci vs  is .t l  ita is a .1 ~ t l i s t e d  in Table  1 .

is’el I t  t t ~~n .tn d Ht ’5 i t t ~ t ion ~~~ I n t  ens i i  \• P a t . t

A l l  r e t  lee  t ions  w i t h  ~~~~ wtS I i~ me. i su r i ’d a t  •I S+2K on t he t ’vi —mi ’nt  t on ed 
S

~I i t t  t a Ct  emeter us i ng 0— _’O scan  t e c h n i ques  w i t h  va t  i a h l t ’ scan t a t  os i5 v ’) i t s  t ug

z i r c o n i u m  f t  t I er e d ,  ~h ’—K rad  t a t  i o n .  The . l I t t ~u l a r  sc.tn  w i d t h  was  v a t i a t ’ l e ,

ari d ~‘l’t .ii ned t rem ~~) + 0. -
‘ t a n .  1 0 

• An . tt ’ t ’i t t i r e o t v a t  .tt ’ I t ’ v i  d t It

0 • I ‘~ + 0 • Si’ t ~~~~~~~ I mm and .t is cons is an t  h e i g h t  ~ o mm) was I et ’a t ed at  1 ‘ 3mm

torn t he  er r s  1.1 1. F a c t i  v ’ f  1 ‘c i i  01! w i s  S ~‘a t i~ied I ot a UI , LX linum e t (‘Os • of

wh I cli t wo—t h i  rds was s pen~I $~ ann i ug is t ie peak (P t  • the  r ema in tug is me bet ug

d i v i d e d  e q u a l ly  b et w e e n  t h e  l e f t  and r i g h t  b ackgr ounds ~~1 . R 1~ r e sp e ct  i v e l v ~

Sca led  I ni ens i t  t e s  I l l  wor e  oh t .t  I ned i i-em 1 ( t ’ ~~.’ is i b  4 Ri!) 1 /\~

Ref lect  ion i, t~ ‘
~ 1 was used as St .ind.i iil , and i t s  ir i s  ens t i s v  %‘IO ’a i t  ci i’d

‘VerV .‘ re ’ 1 1 o c t  1 OnS . The maximum v at  t a t  ion ~n is he s t  andaril was ca. ~

.~ I t  houg h t or rios t o t t h e  d a t  a i. S0~.) , v a r  t a t ion  was 1 e’S$ t h an  .
~~~~ . Cent  er i ng

was based upon t l iri’e’ r i ’C t o c t  ions  m o n i to r e d  ev ery  100 d a t a  p o i n t s ;  f e t

angu Lit  chang e  0 • .~~~~ 
, a new or 1t9! t at  t Ot!  ma i s v  i x  was  a nt  ~‘ma I Ic  a l l  ~~ t i ’t m t  ned

I rem a list ot 15 t o t  l~~t~ t b u s .  In  all , 3 1~
) ‘

~ i ndepenulent ri ’t 1 oct  ioiis were

• measured , ot w h i c h  ~t ’s7  w ’~~~ c~’nsidi ’t i ’d i nd i st  j ii~~u i s l i , i h l e  t rein t h ~’ ba ckgr ound

1•~~ ’ ( I ) )  and were ass i~~ned an t n t  o n si tv  of where  i - P  + 2 11.1! 4 Ri!).

1. - ____________ 

~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~
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Structure 1~ i~’ :o r s  1 or o at h  r e f  lect ion were assigned a weight C
1 • 

;l ;
where 

~F ~~ gi ven by

I o~ + ( O . O-. l~~\
~1 v )

and ~— T~~~ v and 1.p is the Lot out : arid  pol.ir  i :,it ion f a c t o r . Correct  ions

for  absorpt i on  were a l so  made.

S~ r u e t u r o  P e t e ’  ~‘ I n - I t  t o t i  and  R o t  l n e ’mt ’I~t

The i’c~ i t  ion  c t he  is in  at  i’m wa s obt  j a r ie d  f rom a Pat t er s o n  map ,  and f o ur d

to  lie on the spec i.il p o s i t  ion 0 ,0 - o isti~e e ~~~~~ l~’~~t . i i ’t i i e  i’ cn ter  of svimnet ry )

The pos i t i o ns  of  t he  c 5 — h v d t  ~‘~~t f l  1 I g l i t  a t  e s  w or e  l e c , I t  ed l’~ a s t i cc e s s i o t i  01

b loc  k—d i a~ cua 1 e t S t  sqn. t  t es i e f inenient $ f o i l  owed hr a d i f  I erence Four icr

svn i s  h es i s .  Subsequent  c rc  l i ’s of l eas t  — s q u a r es  r e f  ii ien tent  allowed the t hernial

par ameters  to  v a t -v  i s c t r ~’p i c a l 1 v , I n t l  i a i l~’ , and an i s o t r o p i ’al lv  in l at e r

st age s , to y i e l d  an R — f a c t c t  Ot 0 .0S4 b r  a l l  d a t a .  At t h i s  point , cot r oe—

t ion was made 1 0 1 t h e  .II!0I::,I I O t I S  d i spot  s ion of t in , and t h e  s t r u c t u re ’ fu r t  her

r e f i n e d  b e te re  a l l  non—meth y l hydrogen atoms were  located f r om a f i n a l  d i f f e —

rence F ou r i er  sy n t h e s i s .  Re f ine m en t  was con cluded when s h i f t s  in a l l  para-

mete rs were loss th an  o n e — t h i r d  of t h e f t  corresponding s t a n d ar d  d e v i a t ion .

The I i u . i l  R f a c t o r  was 0 .033 f o r  the 2599 r e f l e c t  ions i n c l u ded  in the l e a s t —

squa ri’s c5t c u t  a l l  on s .ind 0 .0 ~‘ ..‘ over a 11 d.I La .

• The s e . i t t c r i ng t a c t o r s  used w or e  b r  n e u t r a l  atoms , and vot e taken

from R e f s .  U is su , C , P , 5, 0) and 13 III ) .

Fina l p o s i t  icna 1 and therm a l  p ar . tme t  C i S  for  non—hy drogen atoms are l is ted

in Tab les i i  and 111, r e s pe ct  ive lv .  The corresponding p . i r a met e r s  fo r  the

located hy drog en  ,t t oms , which  are numbered accord ing  to  the  carbon to  which

t hey a r e bonded • . ir c g iven  in Table IV. Fit ial  i n t r a m o l e c u l a r  d i s t a n ces

and angles at- c l i s t e d  in Tables  V and VI .  Figures 1 and 2 show the

asymmetr ic  u n i t , w i t h  a t o m i c  number lug , and t h e  cent ents ot the uni t  cell

respec t ive ly .  /5

• • —5- -. - ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ St r u c t u r e

The ti ghtening of the lattice in the titl e compound compared to its

ethyl ester analogue
9
, whi ch was predicted by the tin— 119m Mössbauer I.S.

and Q.S. data , the slope of the plot of the area under the resonance curve

vs. temperature , and the m oleculari ty of the vibrating unit from the cflt’c—

t ive vi brat i rt ~ mass mode’ I tm~ Ing 1 ow—oner gv , lattice—mode Ratn. *n dat  a , is

seen in t h e  more sv~~ I e t r i c . m l , m o n o m e r i c  c o m p lex  d e p i c t e d  in F i g u re  1, and 
S

shown packed into t h e  asvmm e’t n c  u n i t  in Fi gu re  2 . The St r u c t u r e’ is c e n t re—

symmet r i c  about t t i e  t i n  a t o m . The t r a n s — d  i p h ony  I is in i’c t .thed run with biden—

t a t e , 0 , 0’ —d i 1suprc~ v liii t h i op h o sp h a to  1 igands about the equatorial plane

formed by the tin and four virtuall y equidistant su lf ur a t oms c o n t r a s t s  wi th

the soverelv anisohi,bout at e  1 i ,~;arids in the  d i ethy l  ester analogue . The angles

at t i n  b etw een o p p o s i t e ly  p la c ed sulfur atoms are all  1800 , and the t in—
0

sulfur distanc es are’ 2.689(1) [Sn(l)—S(1)] and 2.678(l)A [Sn(1)—S(2)).

The Sn(SPSY~ moiety is osscnt ia l1~’ p lanar (equation of least—squares plane:

0.0012 x —O.096y — O.llSz 0) with deviations from this plane having a

minimum of O.OOA [for Sn(l)] and a maximum of ±0.027A [for P(1) and P(l’)).

The more tight Iv bound to t h e ’ metal atom to which i t  is attached , then

the longer is the bond t h at  the sulfur atom in the dithiop hesphate ester

ligand makes with phosphorus.
4 

All the complexes t~f this ligand but 0,0’—

diethy ldithiophosp hatetri phenvltin(IV), whose structure we have recentl y

solved ,
3 and the adduct of Ni [S

2P(OCH 3).,]2 
with 2,9—dimethyl—1 ,l0—phenan—

throline , which contain monodentate ligands ,
14 

are chelated and contain

anisobidentate arrangements of the ligand sul fur atoms. The longer sulfur—

metal internuclear distances in those complexes are ascribed to coordinat e—

covalent bonding, with the adjacent sulfur to phosphorus interaction written

as a double , P=S bond . These shorter NS distances are found to lie in the

range 1.85—1.95 with the corresponding single P—S distances at ].99—2.19A.
4

The sulfur to phosphorus distances in the title compound [P(1)—S(1) 1.998(2);

~ ~—~~-~L ~~~~~~~~~~~~~~~~
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I
P ( l ) — S ( 2 )  a 2. 006 (2 )A ]  lie  outs ide  the P~ S range , and at the  low end of

the s i ng l e  bond r , in ~~c . Th is is interpreted as r e f l e c t i n g  ex tens ive

d e l o c a li . at i n  w i t h i n  the  S—P—S m o i e t y ;  tha t  is , an a lmost  equa l

c o n t r i b u t i on  of can on lc. i l r e sonance  form (B) to the overall  e lectron

d i s t r i b u t i o n  of the  sy s t e m  (c ) .

P( l ) ~~~~~~~~~~~~~~~~ P ( l )  P ( l )

~~~~~~~~~~ ~~~~~~~ S (l )  s~~~~~~ ~~~~~~ S( 1) S~~~~~~~~—~~~~~~~S( l )

(A) (B) (C)

D i r e c t  c :~par I son ma he m ade ’ with the monomeric structure of the corresponding

diet hy l  e s t e r , h i s — ( 0 ,0’ — d i e t h y ldi t h iopho sp h a t o) d i ph e ny l t i n( IV )

torted octahedral with c he l a t i n g ,  a n i soh i den t at e  d i t h io p hosph at e  es te r

li gands and where res on anc e  f or m  (A) d o m i n a t e s  the e l e c t r o n  distribution .

The f o u r  su l f u r  atom s lit ’ in an equatorial plane and the dip henvitin system

makes an angle of 135°. The shorter sulfur—tin distances at 2.48 and 2.49

(shorter than ours) are on t h ’  same side of the plane , with the larger

distances opposite at 3.20 and 3.23A (longer than ours). This structure

may be considered to be midway between tetrahedral and octahedral at tin.

• The s u l f u r — p hosp horus  distances found in the title compound [1.998(2) and

2.006t2)) .ire midwa y between those found for the P=S 11.92(3) and 1.94(1)]

and P—S $ . 0 3 ( l l  and .‘.03(2)A1 bonds in t h e  ethyl ester ana i e~ tie . The average

o: the two sets of sulfur— is in distances in the Litter comp lex ~2. S5 ’1 9 is

~onewhat larger than in the title compound (2.684A).

• It has been noted that in diorganotin systems , the magnitude of the

M~sshauer Q.S. parameter is a function of the S—electron content of the

Sn—C bonds, and , hence, the  C—Sn—C angle. Moreover , the Q.S. value is found

to increase from Ca. ~.0mm s’
~~ for the cm —isomer (C—Sn—C = 90°) to Ca. 4.00

mms~~ for the trans—isomer (C—Sn—C a 18O°)~~. We find that the Q.S. value

increases from 3.12 to 3.67 nuns in going from the diethyl for the iso—propyl—

— — - 
~~~~~~~
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ester , reflecting to the observed opening of the C—Sn—C angle from 135° to

180°.

The prismatic crystals of the ethyl ester analogue contrast with the

needle—like appearance of the crystals of the title compound , and the much

• less severe dependence of the area of the tin—11 9m Mtissbauer resonances with

temperature of the latter would lead to the expectation of a polymeric structure.

Indeed , in the lead(II) system the bis—(0,0’—diethyldithiop hosphate) deriva-

t ive is a chelated monomer ,’5 while its diisopropy l analogue is a polymer

whose structure involves anisobentate chelation from two dithiophosphate

ester ligands which lie in a plane containing the lead(II) lone pair along 
• 

=

with short , out—of—plane interactions with neighboring sulfur atoms to create

pentagonal bypyramidal geometry about the lead atom.
16 

However, in the zinc(II)

• series the diethy l ester forms a polyiner,
17 whi~e its diisopropy]. analogue

• contains dimeric units in the solid.
18 

Anisobidentate bridging is the rule

in these and other related structures involvind the dithiophosphate ester 
•

4gro ip.

The dithiocarbainate is also of interest. Here the dimethyltmn (IV)

derivatives are trans—octahedral ,
19 2 1  but the structure of bis— (N—diethyl—

dithlocarbantate)dipheny ltin(IV ) contains a cis—diphenyltin system with a

21
- C—Sn—C angle of 101.4°. This change has been discussed in terms of the

effect of the size of the phenyl group upon the minimization of the inter—

ligand repulsions and the of the tin—carbon and —sulfur bonding .

In the present study, on the other hand , the change in the structure at tin

front. the ethyl analogues is produced by differences on the periphery of

the molecule.

• The molecules stack along the c—axis •to give rise to the observed ,

needle—like habit. Figure 2 shows the arrangement of the ligands which

produces the linear tin—tin array along c. In Figure 3 this arrangement

is viewed from the side to show that the —S—P—S—units are not perpendicular

~~~~~~~~~~~~~~~ ~~~~~~~~
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to this axis ( t h a t  is , t h e  P———Sn— —P vector  is not normal to c ),  but

rather that the ligand system is somewhat rotated about the tin atom to

bring pairs of sulfur atoms on the opposite sides of alternating molecules

together. The van der Waals radius of sulfur is given as 1.8523
; the covalent

°24
radius as l.04A. The shortest intermolecular sulfur—sulfur contact in this

crystal at 3.30A [S(2°)—S(2’)] is thus intermediate in distance.

We note a remarkable fact. The relatively short tin—tin distance along
0

the c—axis [6.341(8)A] is within the bridging range for di t h iophosphate

ligands. For example , the distance between dithiophosphate—brid ged zinc atoms

in the Zn[S2
P(0C9H5

)
5]2 

one—dimensional polymer is 6.82A. That is, the

four sulfur and two phosphorus atoms that chelate each tin in our structure

could be rearranged to lie between instead of about the tin atoms, thereby

linking together di phenyltin units at an equivalent distance into a polymer

of equal dimensions and density. The anisotrojiic thermal parameters from the

X—ray and the slope of the plot of Wdssbauer resonance area vs. temperature

would then not be expected to differ in the resulting polymer from those in

the array of monomers actually found . The factors which determine how tightly

the tin atoms are held include, inter alia, (1) the number of nearest neigh-

bor atoms and their distance; (ii) the strength of the interactions arising

from the packing of molecules in the lattice which may be bonding (as in a

true polymer) or non—bonding (van der Waals forces); (iii) the mass of

these neighboring units. None would be expected to change in the polymer

corresponding to our structure . Our strcture may best be described then

as a “virtual polymer” created by the packing forces which can operate

more powerfully in this isopropyl ester derivative than in its ethyl analogue.

These packing factors are reflected in the anomalously small slope of the

Mössbauer resonance area vs. temperature.1 Interpretation of variable

temperature H~ssbauer data should take this possibility into account.

So far as we are aware, t*e structure of the title compound is the first

_ _  _ _  ~ ~~~~~~~~~ ~~~~~~~~~~~~~
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example of a monomeric tin species with the same dimensions as its corres-

ponding pooymeric form, although information concerning the location of

the next nearest molecule and the shortest contact distances are I
surprisingly difficult to obtain from published structure reports.2

3

.4

H
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Table I. Crystal Data

Formula C24R38O4P2S4Sn I
Formula weight 699.49

Crystal system Monoclinic
•

a,A 17.517(7)

b,A 14.212(7)

c,A 6.341(8)

8,deg 100.63(7)

1551 -1

Space group P2 11n

:calc ~ ‘cin~
3 i.so

~~~ ca~
1 

12.17 ~

~ hi

_ _ _  _ _ _ _ _ _
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Table II. Final Positional (x104) 
P a r am et er s  fo r the Non—IIydro~yn A toms

in (C~~~j2Snt !1PC~~!71212 ~~

to x

Sn (1) 0 0 0

P(1) 1225(1) 1537(1) —1173(2)

S(l) 1030(1) 1305(1) 1789(2)

• S (2)  533(1) 737(1) -3335 (2)

0(1) 2 113(2) 1415(2) — 1313 (5)

0(2)  1158(2) 2616(2) — 1808(5)

C( l )  —909(2) 1030(3) —331 ( 7)

• C(2 )  — 1037(3) 1519(3) 1478(8)

C(3 ) —1678(3) 2119(4) 1341(9)

• C (4)  —2 180(3) 2235(4) —608(9)

c(s) —2041(3 ) 1768(4) —2412(9)

C (6) — 1409(3) 1168(3) —2271 (8)

C ( 7 )  2474(3)  478(3) —881(7)

C (8)  2769(3) 197(4) —2883(8)

C (9) 3103(3) 575(4) 1093(9)

C (10) 385(3) 3064(3) —2258 (8)

C (ll) 277(3)  3441(4 ) —4531 (9)

C (12) 369 (4) 3819(4) —584 (9)

(a) Es t imated standard deviations in parentheses .

r . . 
~~~~~~

•
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(a)
r~ble III .  Final Anisotropic Thermal Parameters for Non—Hy drogen Atoms

in (C6H5
)2Sn[S2P (OC 3H7)2)2~~

Ull ~22 U33 • 
~12 U13 ~j23

~(1) 93( 2) 120( 2) 123( 2) —2( 2) 23( 1) 4( 2 )

(1) 119( 5) 143( 5) 140( 5) —22( 4) 35( 4) —8( 4)

(1) 152( 5) 200( 5) 111( 5) —39( 4) 19( 4) —32( 4 )

(2) L62( 5) 167( 5) 95( 5) —22( 4) 23( 4) — 6( 4 )

~1) 131 (15) 168(15) 279(18) — 16 (12) 86(13) 28(13)

~2) 194(17) 137(15) 284( 18) —15(12) 69(13) 16(13)

1) 150(21) 128(20) 213(23) 0(17) 52(17) 40( 16)

2) 183(23) 180(24 ) 26 1(25) 4(18) 42(18) 20( 19)

3) 315(27) 2 12(26) 380(31) 47(22) 95(23) 15(22 )

267 (27 ) 298(29) 489(35) 133(23) 60(24) 90(25)

1) 239(27) 342(30) 347(30) 68(22) —49 (22) 85(24 )

188(23) 230(25) 259(26) 15(19) 7(19) . 32(20)

171(23) 193(25) 273(25) 25(18) 77(18) 2(20 )

305(27) 419(35) 272(27) 43(23) 86(21) —50(23)

264(27) 535(39) 285(29) 126(25) —26 (22 ) l5(26 ’

228 (24) 149(24) 340(28) 21(15) 115(20) —6(20 )

L) 399(30) 385(33) 334(30) 43(23) 33(24) 132(26 ’s

) 560(38) 268(30) 412(33) 51(26) 219(29) — 124 (2 f ’

Anisotropic thermal parameters are of the form:—

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ) •

~stiaated standard deviations in parentheses .
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(a)Table III. Fina l Anisotropic Thermal Parameters for Non—Hy drogen Atoms

in (C6M5) 2SnE S 2P (OC3H 7) 2 J 2~~~

Ull ~ 22 U33 ~12 U13 !L23
Sn (1) 93( 2) 120( 2) 125( 2) —2( 2) 23( 1) 4( 2)

P( 1) 119 ( 5) 143( 5) 140( 5) —22( 4) 35( 4) —8 ( 4)

S(1) 152( 5) 200 ( 5) 111( 5) • —39 ( 4) 19( 4) —32 ( 4)

S(2) 162( 5) l67( 5) 95( 5) —22( 4) 23( 4) —6 ( 4)

0(1) 131(15) 168(15) 279(18) —16(12) 86(13) 28(13)

0(2) 194 (17) 137(15) 284(18) —15 (12) 69(13) 16(13)

C(].) 150(21) 128(20) 213(23) 0(17) 52 (17) 40(18)

C(2) 183(23) 180(24) 261(25) 4 (18) 42(18) - 20(19)

C(3) 315(27) 212(26) 380(31) 47(22) 95(23) 15(22)

C(4) 267(27) 298(29) 489(35) 133(23) 60(24 ) 90(25)

C(5) 239(27) 342(30) 347(30) 68(22) —49 (22 ) 85(24)

C(6) 188(23) 230(25) 259(26) 15(19) 7(19) . 32(20)

C(7) 171(23) 193(25) •273(25) 25(18) 77(18) 2(20)

C(8) 305(27) 419(35) 272(27) 43(23) 86(21) —50(23)

C(9) 264(27) 535(39) 285 (29) 126(25) —26 (22) 15(26)

C(10) 228(24) 149(24) 340(28) .21(15) 115(20) — 6(20)

C(11) 399(30) 385(33) 334(30) 43(23) 33(24) 132(26)

C(12) 560(38) 268(30) 412(~,,s) 51(26) 219(29) —124(25)

(a) Anisotropic thermal parameters are of the form :—

1O4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
- (b) Estimated standard deviations in parentheses. 
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I
Table V. Final Intramolecular Distances (A) in (C6

H5)2SnIS 2P(0C 3H7)2J 2~~

Sn’(l) ——— 5(1) 2,689(1) C(1) — C(2) 1.394(6)
Sn(1) —— S(2) 2.678(1) C(2) —— c(3) 1.399(7)
Sn (l) ——— C(1) 2.145(4) C(3) C(4) 1.388(8)

C(4) —— C(S) 1.383(8)
P(l) —— S(l) 1.998(2) C(S) ——— C(6) 1.387(7)
F(1) ——— S(2) 2.006(2) C(6) — —— C(1) 1.386(6)
P( 1) ——— 0(1) 1.584(3)
PU) — — — ~0(2) 1.584(3) C(2) —— H(2) 1.04(5)

C(3) ——— H(3) 1.07(2)
0 (1) ——— C(7) 1.476(6) C(4) ——— 11(4) 1.03(6)
0(2) ——— C(10) 1.478(6) C(S) ——— H(S) 1.01 (6)

C(6) —— 11(6) 1.00(4) p
C(7) —— C(8) 1.510(7)
C(7) —— C(9) 1.514(7) C(7) ——— H(7) 1.00(5)
C(10) —— C(11) 1.517(8) C(1O) —— 11(10) 1.02 (4)
C(10) — C( 12) 1.514(8) • 

•

aEstimated standard deviations in parentheses .
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Table VI. Fina l Intramolecular Bond Angles (deg.) in ~~~~~~~~~~~~~~~~~~~~~~

C(l) ——— Sn (1) ——— C( 1’) 180 0(1) — —— C(7) ——— C(8) 106.52(37)
5(1) ——— Sn(1) ——— S(1’) 180 0(1) C(7) C(9) 107.01(38
S(2) ——— Sn(l) ——— S(2 ’)  180 C(8) C(7)  __ C(9) 114.16(42)S(1) —— Sn (l) ——— S(2) 76,03(3)
5(1) ——— Sn( 1) ——— C(l)  89.29(11) 0(2)  ___ C(l0) —— — C(11) 106.57(39)
S(2) ——— SnU) ——— CU ) 90.94(12) 0(2) C( lO) ——— C(l2) 107.73(39)

C(ll)  —— — CUO) ——— C( 12) 113.61(44)
Sn(1) —— .S(1) —— P( 1) 86.26( 5)
Sn(1) — S(2 ) ——— 7(1) ‘85.38(5) Sn( 1) — — — C(l)  1—— C(2)  119.27(32)

Sn(1) — —— C(1) ——— C(6) 12 1.29(32)
S(1) ——— P(l) —— — S(2) 111.26(7)
S(1) — — — P(1) — —— 0(1) 111.98(12) C(2 ) —— — C(l) ——— C(6) 119.24(41)
S(1) ——— P(l)  ——— 0(2) 112.38(13) c(l) — —— C(2) ——— C(3) 120.11(43)
S(2) ——— P(l)  ——— 0( 1) 112, 04( 13) C(2)  ——— C(3) — — — C(4) 119.78(48) p
S( 2) —— — P(l)  ——— 0(2) 111.57(13) C(3) —— — C(4) ——— C(S) 120.03(5fl
0(1) — —— P(1) ——— 0(2) 96. 88(17) C(4) — — — C(S) —— — C(6) 120.14(49)

C(S) ——— C(6) — —— C( 1) 120.67(44)
P( 1) —— — 0(1) —— C(7) 118.65(27)
PCi) —— — 0(2) ——— C(l0) 119.28(27)

Estimated standard deviations in parentheses. ‘
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~~gure ç~ptions

Figure 1. The molecular structure of bia— (0 ,,0’—diisopropyldithiophosphato)diphenyl—
tin(IV) showing the atomic labeling. Primed atoms are related to the corresponding
unpr imed atoms by inversion center at Sn(l).

Figure 2. The contents of the unit cell showing the molecular paëking.

Figure 3. A view of the c—axis of propogation showing the neares t intermolecular
sulf ur—sulfur atoms contacts and the tin—tin distance. Singly primed atoms are
related to the corresponding unprimed atoms by the inverstion center at Sn(l).
Doubly primed atom s are related to the corresponding unprimed atoms by a transla-
tion of one unit cell length along the £—aX18.
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