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To M.J.S. Demu who started me off on (F?4C11), and sal-eaplrlcal theories mt Q.M.C. 

Thirty years later I have progressed to Ph,snCl, and density functioml throw. 

Nonrelatlvl~tlc and q~lrelatlvlaclc SCF-Its calculatlona on the dW=nylti”(IV) 

dlchlorlde wnamr and possible “dlmr”. give theoretical iMight into the lnremolecular 

chlorine l”tsmctlo”. Thlo molecule 1s MC a polymer like ocher dlorgmotl”(IV) 

dichlorldeo. A weak lnteractlon occur, In the valence orbital electronic structure: the 

extent of the lnteracrlon 1s glvsn by the laDlecular one-electron propertie*. The lnomr 

shlfc and the quadrupole ~pllcclnq of the Ndsebnuer active L’“Sn. and the nuclear quadrupols 

remxmnce (n.q.r.) frequency of “Cl are propertlee which are helpful in araly*lnq the 

extent of lntermlecular interaction in the “dlar”. The czkulated lscmr mhlft and 

quadrupole spllttlrrg agree rich experlmnt. 7he n.q.r. frequency of “Cl doea not wree 

well with experlrnt. rhlch 1s rmt a single crystal -remet. but nevertheless the 

weakness of the lntsrmolecular chlorine interaction was conflreed. Furthsr conflratlon 

comem from the total density plot of (ph&?~Sl~)~. 

Several dlorganotln(IV) dllmlldea ocour m 11-r chnln polymrm with lnteralecular 

halide brldgl~“‘. Intemlecular chlorine brldglw in dlphmyltln dlchlorlde 1s in 

doubt’-‘. eve” though Ph,snCl, ms considered polymeric in MSssbausr l pectroacaplc 

ln.erpracntlonnJ. The crystal structure of Ph,snCl, of Greene cud Bryan’ *hored two 

discrete wleculem. rlth slightly different bond dlatmces and bond -law. but of ldenrlcal 

geometry ard no lnternolecular brlalrrq. Homer. B&l1 et al.e ~esmd th axlat- of 

an lntemoluxlrr chlorlna lntamctlon bauum of tb dlffarem in rho two !Sn-Cl bond 

dlsr-s. Alcock and Sawyer’ considered Ph&CII to be a” 0~1s of mm& secondary 

bondlnq and of chelatlnq bridge systems. Despite the consldemble Interests to tmder~rand 

and lnurpret the nature of the lntemolecular chlorine lnteractlon in the Ph+sncll 

roleculs. there hr been no theoretlal wlecular electronic structure alcalatlar to 

anal- the chalcal bondlw and the extent of the lntemctlona In thla molecule. 

SCF-ultlple xatterlnq (ICS)’ calculations have been applied to both deacrlptlon of 

Ph&cl, * Co lnvestlgate the molecular electronic structure and give theoretical lnslght to 

the chalcal bondlrrgm. The lo-r 1s considered to be Greene and Bryan’s isolated 

w1ecu1a*. Fig. l(a). rha “dlar” 18 rwresented by Bokll et al.‘s dercrlptlon’ of the 
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wlecular Intemctla, thro& chlorlm btldginq. Fig. l(b). lhe total energies ry be 

calculated for dIfferserr geaatrloo but thaw alarlatIonm uo tia cowming for 8ymtaa 

like the “dlmr” of RQMXs. which im SO atom aruJ 332 electrotm. Rw to-1 aborgles fra 

SF-K9 calculatlom are not acawato bumuu of tbn uffln-tin appraxl~tlon. homver. tha 

qua11ty of tInf sm-119 mve functionm II@ guxP*‘. The present paper l tudles the mlecular 

slectrmlc structure of Phil,. ud UHS the fairly accumte mve function progmrtle8 to 

dsacrlbe the Intsrwlamlar chlorine lntemctlau. Thm Imamr rhlft d qmdrupole 

Splitting of m88butsr active. “*Sn and the miclau qtradrupole reuxmma frequanda* of 

“%l are mtvo functlm properties which arm helpful in usesmlnq the extent of 

lntsrwlecular lntemctIon. Tha ES-19 programs’ calculrte~ the electric field gradients 

of rho mclsI In rhs mz&cule~ and twu proved accurate for 1-r l hlft and quadrupofe 

rplltting for tha Iron contalnl~ ionic clwter’. 

Ph 

\ \\’ 
Ph 

S” 
Cl’ 'Cl 

(0) (b) 

Ftrpur 1. Schamt~cal reprssantatlons of c&v monomer (a) and k “dimor” (b). Ths 

bond lsrrqtho md boni -loa ware tnkm fra hf. 4 ud man valwo LTO U& for the 

nonamr. In (b) the dlataacao between Sri-C+,,, Sn. ..ClS and *pnCIT are 2.336. 3.770 and 

2.357 k. rsspmctlvely. Tbm Clg... ClS dlstanco lllu taken from rrf. 2 as 4.290 A. 

Sphere 81-s used the Normn cr!tarIr’” (Tab10 1). The pertlal mmw8. C, were taken u 

4 for the outer era. 2 for Sm and Cl, 1 for C. and zero for H. The preferred Vosko-vilk- 

RumIr(VRI)” Qt~rrelatioo potential mu umod and not Slater’o Xa exchanoe 

potential’. The calcul~tlom were performed rlth and rlthcut q\nslrelatIvlstlc vnve 

functions” for &. 

To find the Irolsr shit t of ‘*‘f&i. a rsfersncs aolaculs which oontrlnm the tin mcleur 

ia needed. Thorafore an scf-IW calculation Ins been applied to ths Td &Cl, roleculr. umlnq 

acperlmntal bond dtatanmo’“. The prtlal wnvee and the ophere l l7.m are choum in exactly 

the m mnner as for Ph&k~Cl~. 

The energy of the 4d core orbital of atalc 9n ID very clan to the anew of the 

valence 5s orbital. cotueqmntly the 4d orbltal wu treat4 a~ a valence orbftal ln the 

calculations. The 4d 
F’ 

4dg. 4ddn’ 4d = 
x -Y 

aand+.l xy orbltnlm of Sn were rawlved M lb.. 

la,. lb,. 2a, and la* In the Cht monomer. The lb.. la,. lb,. 2a‘ and lr* level8 Lqmnnad 
14 

into lb,,+la . Sg+2bu. lbg+lnu. 
0 

3eg+3bu and 2au+Bg in the C& “dlar”. 
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Teble I. Sjduwe slus wed in Bcc38 atkulatim 

R out San %I Rc, c % Rc, %, 4, %. 
11.1369 2.6472 2.6247 I .7174 I.6874 1.6886 1.w 1.2tm 1.a 1.w 

IDI)(ER” 

R 
OUt Rsn %I, RCI, Rc, SC, Rc, %* % RH, St 

13.3209 2.643Q 2.5326 2.6166 1.7173 I.6882 1.8874 l.BBBs I.2667 1.2879 1.2698 

Tbe one-electrm one-lea of th core orbitals of &I in tba mmumer ax! “dfar” from 

the quarirelatfvistic calculation are more stable thsn the nonrelativistlc exmrgier: ths 

percent differenms between tbs energies ate 3.7. 5.9, 6.2 amI 7.3 X for the lo. 2a. 39 and 

41 orbltale of Sn. atxl 2.0. 2.3 and 2.4 X for ths Zp. 3p ud 4p orblulm amI 1.3 X for the 

3d of sn. fhs que#lrelativlstic energlem of the cd orbltalm of 9n are abmt 4.3 X more 

poeltive timn the nmrelatlvietlc calculation. Dempi to tbo signlfiant -0s in the 

energies of tbe core orbltale of Sn. the qmalrelatlvistic one-electrm energies end the 

poprlaclon of the val- orbltale did not dlffer uch from the nmrelatlvlrtlc 

calculatloru. In addition to the five &(&I) orbltalo In the monomar. there are 38 which 

become ten and 76 valence orbltalo reqmctlvely. ln the “diar”. The one-electron energier 

and the population of all (38) -r orbltalr and population of wme of the “dfar” 

orbital8 are given tn Table 2 and Table 3, reepectively. The rentIt In Table8 2 end 3 are 

from the qwmlrelativlstic uave function calculation. The ?a, orbital energy of tha monour 

is stabilized about 0.3 eV since thlo orbital bar the highest Sn concrlbution. while the 

other valence orbitals of the mnomcr are ckqpd about 0.02 eV by the quaslrelatlviscic 

calculation. A l l=ilar c-e (0.3 eV) of the “diner” valence orbltalo occur in the Ila 

and libu orbltals which correlate with the ?a, of cbe w-r. 
0 

Tmble 2. The percentego capoeitiona and one-electron ermrglee of rn*I. 

1.0 -4eV) 

4.064 

5.691 

5.708 

6.060 

6.18Q 

8.8% 

6.901 

8n 2 I Cl 12 x c 

S P d l P d . P 

15.10 13.34 1.26 4.22 22.90 14.Q4 4.s 22.66 

- 0.00 - 0.04 0.00 0.00 99.96 

0.03 0.01 0.00 0.00 0.00 0.00 99.96 

0.03 0.78 - 0.14 0.06 0.06 9B.QO 

0.14 1.39 1.63 0.16 1.36 0.32 0.02 Q6.02 

0.92 0.81 - 0.01 0.00 0.22 QT.62 

0.18 0.01 1.34 0.04 1.80 0.02 0.06 96.44 

10 x H 

s 

0.74 

0.00 

0.00 

0.00 

0.00 

0.46 

0.12 



9.287 - 19.71 1.91 

10.244 0.00 0.58 

10.253 3.47 6.23 2.24 

10.396 - 0.s 

1o.w 4.38 0.31 

lO.eM 2.68 4.75 0.40 

10.8m - 0.02 

10.861 0.00 0.01 
ll.Q72 8.09 0.40 

Il.986 0.62 10.62 1.40 

12.162 - 17.31 3.42 

12.913 - 0.00 

12.929 0.s 0.01 

13.248 0.m 0.2s 0.09 

13.B 0.31 0.04 

14.512 - 0.11 

14.S43 0.36 0.01 

14.730 6.34 1.29 0.26 

15.061 1.61 0.20 

16.231 36.79 0.15 o.a, 

17.44Q 0.76 0.16 

17.626 8.40 0.13 0.17 

17.871 - 0.13 

17.w 0.36 0.01 

21 .m 0.63 0.22 

21.062 .- - 0.06 

21.066 0.03 o.lx3 

21.042 r.12 0.27 0.30 

21 .Sm 2.87 2.58 

zL.Qse 7.19 1.87 0.97 

23.923 0.m 0.20 

P.Q61 1.23 0.01 0.09 

E. hi. fknxmuu and H. A. Wimmimn 

- 15.14 0.36 

0.00 96.24 0.04 

0.00 57.68 0.02 

- 98.24 0.02 

” 72.10 0.12 

0.00 47.08 0.10 

0.x) 0.00 

0.00 0.58 0.00 

3.QS 0.12 

0.20 22.60 0+40 

1.02 74.s 1.* 

0.08 0.00 

0.04 0.28 0.02 

0.54 0.70 0.02 

0.00 0.00 

0.00 o.OO 

0.04 0.26 0.02 

0.Q8 8.M 0.62 

0.14 0.02 

5.38 IS.64 1.76 

0.00 0.00 

1.28 1.56 0.24 

0.00 0.00 

0.04 0.26 0.02 

0.00 0.00 

0.00 0.00 

0.18 0.00 0.03 

1.26 0.04 0.02 

94.04 0.20 0.08 

86.14 1.12 0.38 

0.00 0.00 

1.4Q 0.08 0.02 

2.S2 63.20 7.14 

0.00 0.72 0.40 

0.12 24.28 6.00 

0.m 0.50 0.36 

0.01 16.64 6.44 

0.12 32.06 12.78 

0.16 67.Q2 31.64 

0.16 67.74 31.52 

5.98 SS.4S 28.00 

4.38 40.92 18.98 

0.12 1.90 0.52 

0.72 66.12 34.08 

0.76 62.20 33.76 

15.62 40.32 43.02 

16.98 38.52 44.14 

1.16 96.39 2.36 

1.28 96.68 2.44 

6.70 44.36 31.42 

4.18 57.&O 36.22 

3.10 26.98 10.26 

40.80 43.46 14.62 

38.66 37.28 12.28 

40.72 44.16 15.08 

1.26 915.58 2.44 

76.76 15.56 6.82 

74.58 IS.26 IO*oB 

74.40 IS.30 10.08 

76.36 15.02 6.60 

0.16 0.10 0.04 

2.50 0.70 0.12 

64.18 12.90 2.50 

82.56 12.18 2.44 

w Lnemr umnxupled molecular orbital 

2xsn 2 x Cig 2 x CIT 24 x C aOrH 

, P d . P d l P d 8 P s 

-: 14.68 

1Qb - 

24b= 

1Qz 

0.00 

- 

24c 

lsbp 

0.00 

- 

mn= - 

23a” 

23bg 

0.06 

0.18 

17b” - 

14.86 1.40 2.14 12.36 11.76 1.36 8.w 4.28 

0.W 0.02 0.18 0.06 0.04 0.00 

0.02 0.04 0.06 0.02 0.04 0.00 0.00 0.00 

0.00 0.02 0.14 0.10 0.06 0.00 

0.18 0.00 0.06 0.02 0.06 0.00 0.02 0.00 

0.02 0.72 0.14 0.00 0.14 0.00 

0.04 0.66 0.00 0.12 0.16 0.04 

0.92 1.66 0.02 0.60 0.08 0.04 0.51 0.08 

1.92 1.50 0.22 0.52 0.40 0.06 1.02 0.12 

0.02 0.18 0.90 0.02 4.00 0.M) 

0.30 0.60 o.S4 0.06 3.60 0.00 

4.24 23.12 

0.00 99.68 

0.04 99.72 

0.04 99.64 

0.00 99.56 

0.04 98.88 

0.04 sm.72 

0.04 Xi.76 

0.04 91.08 

0.00 Q4.80 

0.m Q4.56 

0.88 

0.00 

0.04 

0.04 

0.04 

0.00 

0.00 

0.04 

0.00 

0.08 

0.24 
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16b 

222 
22 
12 
21bU 
21a” 
152 
12 
22 
2cc 
12 
142 
mu 
193” 
18bg 
1’” 
ma” 
13b= 
me 
12b” 
wa= 
17a” 
12 
lfh” 
llag 
llbg 
6b” 
6a” 
sb= 
SIB” 
3b= 
2 
4b” 
*ii 

9.w 2.a 

0.12 0.S 1.r) 

0.18 0.12 1.46 

8.66 2.34 

0.24 0.20 1.34 

0.02 0.24 1.m 

10.00 0.42 

15.44 0.38 

3.S 10.98 2.34 

3.28 12.14 1.08 

1.66 0.02 

0.64 0.S 

0.20 0.14 0.20 

0.14 1.00 0.08 

0.72 1.12 0.26 

0.18 0.30 

0.82 1.40 1.34 

2.04 0.20 

0.16 10.62 1.64 

9.16 0.62 

8.56 0.32 

0.02 11.66 0.72 

2.68 14.78 2.64 

2.62 14.42 2.82 

34.30 0.00 0.06 

34.22 0.7s 0.08 

5.10 2.22 1.64 

4.78 2.512 1.40 

3.74 1.90 1.66 

1.94 1.64 1.38 

0.32 0.20 

0.34 0.20 

0.76 0.m 0.20 

2.90 0.24 0.16 

0.10 

0.00 

0.01 

O.oB 

0.04 

0.tX.l 

0.20 

0.02 

0.02 

0.02 

0.26 

0.24 

3.36 

0.90 

2.64 

1.70 

89.40 

66.64 

0.12 

19.96 

2.66 0.10 

0.50 O.oB 

1.76 0.02 

0.18 0.06 

3.90 O.cH 

2.52 0.08 

13.64 0.08 

2.76 0.16 

11.62 0.04 

11.06 0.24 

18.76 0.06 

37.46 0.06 

36.18 0.04 

0.44 0.04 

43.51 0.08 

32.30 0.00 

26.60 0.04 

44.40 0.54 

1.22 0.12 

0.56 0.08 

6.78 0.06 

a.28 0.20 

46.78 0.36 

46.04 0.30 

7.38 0.42 

10.30 1.00 

O.aO 0.04 

0.16 0.04 

0.S 0.14 

0.30 0.08 

0.00 0.00 

0.04 0.00 

0.04 0.02 

0.16 0.02 

0.00 

0.00 

0.00 

0.00 

0.10 

0.08 

0.00 

0.02 

0.02 

0.08 

0.64 

0.68 

0.36 

0.20 

3.28 

3.62 

81.66 

82.94 

1.S 

0.64 

0.12 

0.46 

44.84 O*oB 1.84 33.48 4.68 

2.* 0.00 0.04 86.04 0.12 

2.66 0.00 0.12 m.24 0.Y) 

66.06 0.06 1.44 27.m 3.44 

92.4a 0.00 0.08 1.56 0.08 

03.74 0.00 0.04 1.96 0.12 

38.64 0.10 0.72 29.20 7.32 

28.84 0.16 0.m 42.44 9.24 

29.02 0.22 0.16 32.76 9.46 

19.10 0.16 0.04 40.01 12.78 

0.62 0.02 0.36 53.88 24.60 

0.62 0.00 0.36 41.48 19.20 

0.60 0.02 0.20 42,84 20.40 

1.84 0.04 0.20 66.16 30.00 

1.88 0.02 0.20 36.64 16.28 

0.04 0.00 0.16 46.52 20.36 

8.46 0.22 1.80 39.96 19.32 

0.50 0.02 1.00 35.48 16.36 

28.88 0.76 3.16 36.46 17.28 

0.92 0.06 5.96 66.80 26.00 

0.82 0.06 7.64 49.72 26.00 

17.16 0.72 1.72 11.64 6.32 

9.26 0.46 1.24 16.24 6.W 

4.92 0.30 1.88 17.32 6.92 

4.80 0.70 1.72 31.32 12.60 

4.32 0.64 3.68 29.64 11.44 

0.68 0.26 4.24 1.00 0.x 

0.70 0.26 4.00 0.96 0.62 

0.18 0.08 0.48 0.16 0.40 

0.08 0.02 22.92 4.84 0.60 

0.00 0.00 64.12 12.76 2.66 

0.00 0.00 84.04 12.44 2.88 

0.02 0.00 83.64 12.36 2.60 

0.06 0.02 64.66 8.52 2.92 

* Lowest unoccupied molecular orbital 

When two monomers nre brovght tog&m. the rclow*ar orbitalr correlate with the “dlar” 

orbitals. Tha four hi&eat occuplad valence orbitals fra h. to 14~ (teble 2) have shown 

about 9Bx C(3p) of phenyl contribution and correlate to the 8 highoot occupied valence 

orbltnls (from 19bX to 23bJ of ths “diar”. which have the eeme percent C(2p) of phenyl 

contribution (Table 3) and are non-bondi~. The next 13 mmomr orbital* fra lob, to 7ba 

are the bonding bet- Sn(6p) and Cl(%) and alro C(2p) and H(ls) of the phunyi group. 

These orbltals correlrte to the 26 orbltalo of the “dlar” (fror lng to 1%~~ In Table 3) 

which have the sama character. The next group of ro-r orbltals startlnq fra 5a, to %I, 

(except 7a,) are related to the bondtng In the phenyl group and correlate to the orbltnlr of 

the “dlar” vblch have the eam &rector (these 32 orbitala are not given in Table 3). The 

fa, orbital of the mr. which bar, the htghest sh(sO) contribution (about 37 X). bonda 

between %@I) md Cl(3sGp) and 

about 34 X of Sn(Sa) (Table 3). 

correlates to 11; and llbu of the “dlmr”. which both have 

Ths interest 110s in the low-lylnq orbluls: since the 

electroneqrtivfty of chlorine i* higher than ctn. the low-1~1~ bozxliv orbitala are 
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localised 011 the ChlorfnM In rho umomr and In the “dfaer”. lhe2bsarui*a,aonoaer 

orbltalo bavw 91 end 65 X of Cl(3e) cartrfbutlm (Table 2) and corralsto to gbu, &B + Sbu 

and Se0 of &II “dfar” . The 6bu aml 6ag orbit&s (Table 3) are localfzuf on the te:fnsl 

chlorines havfnq alrtst equal percwntege of ClT(38) ((82 and (JJ X), whf le 5bu and Sg are 

localfzed on the brfw chlorines and lmve different pmwmuge of Clg(3s) (89 and @ %). 

Syatrlc and *trap brlq;lnq In the “dfmer” would rwqulre the gag orbital of the “dfar” to 

hrve the - pwrcentege of cp) a# the sb, orbital. Tha presence of Mother “dlar” 

orbital. 4ag energet1cal1y close to Se 
g 

rfth ths rlgftt -try r-es ahout 20 X of 

CiB(3sf cbnractsr fra the !?ag orbital. This right bw considered a vey week intermolecular 

lnteractlon between ths mnaers. causing perturbation end l txlnq of the levels with the 

- ryrstrY. Ths efectraru will distribute between these two orbitals. The tera1naI 

chlorine* ClT In the dlar systa are rmt lnvolvbd In the lnte~lecular lnteractfon. and 

cauequently there fs no ~1x1~ of the levels in thw SnClT botwf: thus the 6ag and 6bu 

orbitals of the dfar have equal ClT(3s) character. The presence of thw unequal population 

dtstrfbutfon on the Sn-Clg bondllrq orbitals my support Alcock end fkwyer’s idaa” of raak 

8axmdary bondltg In P?Q&Is. 

lhen two atom are brought tcgether to ton a olecule, the atomic orbftals six and 

interact to give mleculer orbftais. Some of the ~Aecular orbftals are stablffzed, while 

others &stabillwed. with respect to the ataic orbltals. Slallarly when two wolecules 

(lfhe AlXo) are brocrqht tagetber to mke a strong diar (AfeX.). - of the dfaer orbftals 

are stabfllzed and - of tha destebllized with respect to their mmomer counterparts”. 

The sirutfon lo dlffsrenc for clusters; uiditlon of the atows Into the cluster only 

lncr~es the nubsr of orbitals; it dose not split tha with respect to thefr wnstltumt 

orbitala unless there la Interactian with a dlffermt ata or lolecule’a. The case of 

%2wC1s “dlar” re-les the cluster situation: none of the orbltais are split with 

reqmct co tbefr monomr counterparts: they are howvar l hlfted dam. Ihe one-electron 

energies of the valence orbital8 near the hfgbest occupied orbital of the mrmomrandthe 

“dlmer”, are given in Fig. 2 to deamstrate chw alight l tabillwatlon of the “direr” orbltals 

without eplittlrrg; the l tabllization varies between 0.3 anf 1.8 eV. Therefore the presence 

of a aewnd aonaer doeo not ahe the rmtura of the bending In the either aoncuers. Rse 

-tour saps of MI(L of rhe selected aonomer and “dlrr” bondfng orbital8 frm the 

quaslrslatfvlsclc calcufatian are In Fig. 3. Ffg. 3(a) and 3(b) gfva the -r4aatand 

?a, bondlnq; orbltals on tbe tln-chlorfns plane. which show thw locallmtion of the charge on 

cblorlnw and tin respectlvoly. Flg. 3(c) and 3(d) give the !kg end bbu hendfrp orbftals of 

the “dlmr’” which are the counterparts of the a, orbital of tbs mmasr, after correlation. 

The locallwatlon of tbe clmrge on the chlorine at tbw bridge posltiona are Is clearly shown 

Fig. 3(s) arwf 3(f) are the llag and llbu orbitais of the “dfmr”. the counterplcrts of the 

ao-r 7a, orbital. In these figures it can be soen that thn charge around the tin nuclei 

is l llghtly disturbed by the presence of otbwr bridge chlorine. 
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Fim 2. The ow-electron energies of the lo-r and “dimor” orbital* mar to the 

highest -pled orblcals. Tba lowst moccupied orbltals are 15a, and 25b, for the monaw 

and “dlar” reapactively. 
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Figure 3. Wave function contour dleg- of eelected molmlar orbitale of Chr 

Ph=1, t-r) ani Cu, (h*l=h (“dlar”) on the tin-chlorine planee. lb-r 

orbitals are (a) e3,. (b) 7a,. “Dher orbital= are (c) kg. (d) sb,. (a) lta= and (f) lib”. 

The contour valuea In (electrwu/eo)U l tarciw trim the oucerwmc are fl.006. fl.01. 9.02. 

%O.cw. 9.w and fl.16. Poeirlve mwe function contoure are repneented by eolld lines 
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*rau aegatlve CaLItoura are lndlated b &&ad llnem. lb# out of plane ~ltlonm of 

carbons and hydrw la the phenyl groupa are &nn by dotm. 

The loTeat -unoocupled molecular orbltals (LUD) of the -r and the “dlmr” are 15al 

ard 2%“. Tha copooltlon of then orblulm la in Table 2 axI 3. me urt1boIKl1nq LIMO’S 

are localized on the tin with lnclrulcm of - chlorine clmraccer. while hlghemt occupied 

molecular orblula (HaO’s). 8a, of the rmrsrand19b of the “dlmr”. imve phrnyl 

character . The energy difference between Ho)(D and LulD 1s l?Sn and 1.616 eV in the monomr 

and the “dlar”. Note tht the Cl(3d) percentagea in the virtual orbltala. wgge#t a petal 

to llgand ctmrge t-far. wtmreaa the boding orbltals kmve no Cl(3d) contribution. 

Kwever, this la not the - for cantml (tin) acca on which - of the boxI1~ orbltals 

such M 7bl and 12a, of the Ionoww and ltig and 16bu of the “dlar” have aae Sn(6d) 

contrlbutlon. The occurence of scma tin(d) contrlbutlon in low-lylnq o-orbital ruch no 2b, 

of the m-r can be explained a~ the effect of the energetically close 4d orbital of tin. 

Although the total emrglem of ST-)6 calculations *re not accurate due to the 

uffln-tln approxlstlon. it 1s lnterestlrg to note timt trlce the total energy of the 

D-r (-30.207.W Ry) ala~t equal* the total energy of the “dlar” (-3o.m.297 Ry). 

Flmra 4. lhe total density plot of (Phsl,), on the tlmhlorlne plnne. Ihe out of 

plane posltlon~ of carbona and hydrogezu in the phanyl groupa are not shown. 

The total density plot of the “dlar” fra the gmslrelrtivlstlc calculation 1s given 

in Fig. 4 in which phenyl groups are out of the plane and the electra, clmrge density 1s 

IOat daue at 8a ud Cl, becalm lesm drue rrj fra the nuclei. e~lrlly bstnen Clg 

luxl the d RI. The total danolty plot glvea !m evidence of dlmrlntl~. Tha to-1 

electron dlatrlkrtlon fra both nomrelrtlvl~tlc uxl qurlrelaclvlmtlc aloulatloll la given 

for mr ud “dlrsr” in Table 4. There le IY) ral differ- bst- the total charge 

dlstrlbutlon fra both nonrelatlvl~tle urd qwalrelrtlvl~tlc mm functlm alculrtlon: 
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quamlrelrtlvlmtlc tin hr only 0.08 and 0.07 elactrm mar. ln the -r axxi “diar” than 

the nanrelatlvl~tlc tin. 

Tmbla 4. ‘Total h dimtrlbutlon 

Nonoar sn Cl I% 

Non-Rsl. 49.24 17.24 41.06 

Qmalrel. 49.32 17.23 41.02 

“Diar” sl clB clr Ph 

Non-Rel. 49.32 17.07 17.14 41.21 

Qnulrel. 49.39 17.06 17.14 41.16 

The cupmrlmntal lmlntlon potsntlalm. I.P.‘o for Ph&kCl. mlacule tmve not bean 

publlmhed. Neverthelooo Slatsr’a t-ition mtato crlculrtion* k bwn appllcd to the 

F%+cl~ oymta to give lmlntloa potamtialm. l%ch a alculatlon Blvn guod agreemen t with 

experiment in mny molecules”“. The ~roxlate laoltatlon potentiala” of the -r 

and “dlmr” are calculated rslovlnq hlf an electrar from tba hl*st occuplal molecular 

orbltals Sal and 19bg of the -r ami “dlar” respectlvsly. ti I.P.‘s of -r are in 

the range of 7.4 and 25.8 eV for Sa, rpd Zk,. whllo for thm “dlrr”. ths 1.P.‘. are about 

1.0 or 1.5 eV hi&or timn the umomr. 

The electric -10 lnteractlan between a nucleus and the slectrar ohall ia mmsured 

in Kd*sbauer qmctroscopy by tha 1-r &lft’. a* 

(1) 

R la the nuclsar nxilua which la taken m 1.2 x (A+/3 I lo-” cm approxlately. AR/B 10 

the chanqe of the nuclear reuilur bstrean tha gramd and exited etatea upon the exltatlon to 

a level E, (23.8 KeV for Sn). mN~ and ~l+wl~ are the s-electron darultles at the 

nucleus for a reference abwrber and a given source. This linear relatlonohlp eq. (1) 

between l-r shift and electronic structure of Sn-contnlnlrg alaculea can bm rmlttan 

t.akl% LQUR” u 1.16 x lo-’ for “‘Sn. 

6(dwc) - 0.0643 IZItiO) 1: - ~b,(O) Ii1 . (2) 

The m-alectron tiltlea at the tin-tnmlel of Ph&Cl. -r and “dlmr”. urd 

reference absorber f#Zl. are alculated umlw the puulrelatlvlstlc wave functiona for Sn 

frm the cme-electron prwrtles. 

Table 5 gives the ulculatad s-alectrm denoltlss and the ccqxwlw*r betwan calculated 
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and espmrlnntal Plulrrwr 1-r ehlft of Pb&UX, wltb rsapoct to tbo Sk& refit 

alumber. l?m vrlatal 1-r ehlft of Phil, with mopoct to &Cl. lm alatlatd 

fra thm dtffrramr betwom exporIartA iwr*lr eblft of 4rcl. with reepmct to o-$a (-1.30 

r/MC)” ud &&Cl, with rempa2.t to a-&*O. Ttn mgrenmt betna alculrted eml 

experImenta 1-r ohifc of !&&Cl, lo vary good. Tin *lute vmlue of 1-r shift of 

the “dlar” IO slightly (0.02 &use) highor tlmn tlmt of the -r. IhIs ehw8 that unly 

a vary ma& latermleculu chlorine lntemctla, can omur In the “diem”. which ust be 

owed by the pr*ntbw of tim chlorine at the brides ~Itlm glrln(l tbo central etol Sn 

mm* charge around the m~~leus. T!n extent of the effect of the bridge chlorine on the Sn 

mxlaw IO very ml1 (Table 5). Tha “dlmr” l -electrm density lm 0.33 (CU.)-’ hlghm 

than in the mmtmw. 

Table 5. l&e coqarlson of the alculeted and exporlmen~l 

IGbmbauer 1-r oblft of 9n (In Ir/oec) 

Hamnor “Dlar” Raterome 

‘Z) I 125,s?i6.72 4.50 125.667.05 -0.62 125,549.03 0.00 

asxp.* -o.60a, -0.51b, 4.69 0.00 

* Eqmrlmntal imaer l hlft of Ph&Cl. w.r.t. SCl. Ie crlculrtad 

fra the differonce between tha expwlatal lmaer l hlft of 9rcl. 

w.r. c. a-Sn (-1.30 I/w at 60 OK from ref. 19) and Ph$%Cl, w.r. t. 

a-*. 

a -0.70 mbec at 71 OK (ref. aOa) 

b 4.79 rimec at 78 OK (ref. 20b) 

’ -0.68 Ir/sec at 80 OK (ref. 2oc) 

The qumlrqmle spllttlnp: I8 aweed by the Interaction of the quadrrrpole rOIMt of the 
nucleus and the electric field gmdlent. For “‘Sn (I - 3.4). tba mgn1tudCl of the 

splltti~=’ 1s 

(3) 

Tbnre SQ 18 the nuelenr qmbdrupols mt. T (=Vn) Is the lulu principal ooqmmt of 

the electric field g&lent tonwr and r) lo the uyatry parameter deflad u IV= - 

v&lvz,I. The prIncIpa1 eapmnts of electric field blats are alculetd uollrq the 

We, cook end Karplus ckrge prrtltlmlng wtbod” from the one-electron properties. 

Table 8 give* both aunrelatIrletIc ud quuIrelatIvI8tlc olculatioar of the u<im 

prlncfpml coqxmant of the electric field gradients. and ths -try parmmters of 

Swnuclsu* In wncww and “diar”. The pudrupole qAIttI~ Im calculated from eq. (3) 

uslnq slva~ eQ for “%I (-0.066 ?mmm)‘= ud cqued rith tbe expurlmatal qndrupole 

splittInga (Table 6). The ogream t bat- calculrted and exptwimnUl quedrupole 

8plittIlrg l* very good. however better yteran t 1~ obtalasd with the guulrelatlvlstic 

calculatiau. In the “dimr” the cblorlnn at the brldqlq posltlar auue devlatim frm 

cylindrical *-try of sn-nuclei. reeultlrp in a 1-r uywat8-y prrater and 

caweqwntly larger qmdrupole epllttlmg for thn “dlmr” compnrlrl to the motwmr (Teble 6). 
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bowver tbo eactalt of the interactim lo mll: the dlfforanca be~tweea the qundrupole 

8p11ttiq: of mr arui “dlar” lm ahout 4.4 X. It m be M from Table 6 t&t tba 

effect of chgiw in the nmrelativi8tlc to guuft*lrtivl*tlc mw* functloo on ths 

quedrupols spllttl~ ia bigger (about 12.2 X) tlmn the dlfferencm betTeen IO-r and 

“dlmr” qmkupole epllttlaq. 

Tmblm 6. Tbo ~oqutwn-a of t.im calculated Md axperlmntal 

K688bnuer qndrupol6 8pllttlng of Sn (In rr/oec) 

SF-m Oslculatlon 

AEq = 1.88 “Eqi 1 2.12 AEq 12 2.80a 

2.ssb 

‘yzr - 4.4481 
52 

I -5.0253 2.9e” 

Wlar” r) = 0.w r) - 0.8474 

AEo I I.96 AEq = 2.22 

* Ths erluntnl dEq for ti In &SnClp 1s taken from 

“ref. 2&at77OK 

b ref. 2Ob at 78 *K 

‘ref. 2Ocnt ROOK 

The nuclear qwdrupole rewmnc l (n.q.r.) fraquencleo of “Cl in the Ph&Cl, ~lacule 

hubtum measured by Green and Craybarl*‘. The calculatal n.q.r. freqwmcles and -try 

pa-ters of “%1 arc) given along with the sxpsrlmntal frequenciss in Table 7. Ihe n.q.r. 

frequencies are calculated fra the mlmm prlncipnl coqonent of the electric field 

gradlenta and auyatry pa-tot. tnklng ths nuclaw quadrupola u&mtaQa8-0.082bltml 

for ‘*Cl fra ref. 23. The calculated rewmnw frapmulao are about twice of the 

axparirsnul f requencles. It 10 well knowna thw the fteqwncls~ of brtdge hnlldes are 

always 1-r thn ti toxmtml halide8 and srylrtry pn-tars are slmst zero for the 

terrlml hlldao In the l traq: dlara. In Table 7. calculated frequsnciem for bridge 

chlortna are lower tImn the termlml chlorlna and slso asymetry p-term are almot zero 

for tstriml chlorine but are not very big for the brtdge chlorine. about 0.13 which u~at be 

by the very weak intermolecular Interaction in the “diner”. If the lncemctlon wre TY)t 

ti. the sryatry paraacer for tba bridge chlorfoe wuld be clooer to ona. 

Eqaertnantally fatr n.q.r. frequencies am glven’4. they ar* all close to mcb other but two 

*lightly lower onw (17.440. 17.902 l+lz) *harId correspond to the brl&&e chloride while the 

othera (18.W. 18.772 IWz) correspond to the tar&ml chlorfnes. 

The calculated frapmcia~ are higher tlnn the eqmrlant becnu~s tha axperlantal 

result8 reflect solid eata offeet* whils the tbeoretfcal wwe functioo is for a sL!&c 

laolated ~1eal1. (manme r am! “dim&*). 
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Tmblo 7. Tbs ~loah of the calcuiaral ud experlrnml Ruciear 

Qm&upole 2esamWe fteqwmci*o of “%l (ln m&t* 

SFR? Oalculation 

m-1. 

kaxtmr 

“Dimsr” 

% 

clT 

NoYi-Rsl. (kuir01. E-V.* 

-2’ 3.3918 “z’ 3.4154 

?J - 0.0!223 q I: o.(xzs 

D - 32.668 ” I 32.896 ” I 17.440 

e%= 
3.1185 

“4!’ 
3.1328 17.882 

r) = 0.1374 rl = O.lS4 18.028 

Y I 30.034 u I 30.272 18.772 

%= 
3.76a8 

“$c’ 
3.8150 

n = 0.0420 tl = 0.0424 

u 835.873 D - S.256 

* Tbe n.g.r. frequencies of “Cl are calculated using o 

me ref. 24. 

7he detailad 8CF-Ys analysis of the molecular electronic structures of d1pbsnyltln(IV) 

dichloride togmtbsr with ths I8iss-r lsasr shift atal &rupole spllttlw of “% and 

the n.q.r. frequsrbcie8 of oeC1. gives interestlnq insight to the electronic StNCtUrSS Snd 

chalcal bonding in the Pb&ncl* -r and “diar”. It predlots no strtnq bridgiq in the 

“dimsr” : the total density mp gives no widerxze of strong diarintfon and the pcprlation 

armlysls predicts at the most a -11 intermolecular intoractlon supportiqs: the Ida of ths 

m bondinq. Ths calculated lf&isrlmuer isomer shift and quadrupole splitting of 

phs8nClz are in good agr- t rlth experiant. the “diar” values being slightly larger 

tlmn for the monoar sgaln evidence tlmt thsse lnteractlons are very smll. The ccqarison 

bet- the nonrelativi*tlc snd ~lrelatlvistic =v* function atlculatlone of the 

quadntpole splitting shows ths lqortance of using qtmslrelatlviotic Iv0 function on Sn 

nucleus, since the m3lecular properties, like quadrupola splittlrq and 1-r shift. are 

sensitive to the chrge distribution on ths nucleus, which c-s more l ince the core 

orbital8 of the Sn nucleus are affected more tlmn the valence orbltals of the mlecule by 

the relativlstlc effect. 

The 8CP-)ls calculatlans prdict the n.q.r. reaomnce frequencies of “Cl &out trlce as 

big as axperinntal: silrqle crystal -rewnts are nesdsd to wre elth the 

calculation. ftevertheless n.g.r. frequency calculations support tin idea of very veak 

intermolecular interaction -se the aryatry paramster of the chlorine at tb bridge 

position 1s very close to zero rather tlmn one. 

‘fhe nuthoro thnk Dr. B.8. IkMaster of the Rqyslcs mtmsnt for the plot routlnsa. 
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This rcwwach w supp0rt.d by the w (amda). In. Hdxll Caputilrq Dmplmmnt i8 

thnked for flmnclrl mppart ad facllltle* on the A&ah1 !sO. 
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