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Using recently derived purrial quadrupole vp1irring.s 

(pqs), we hn\le tahulured previously calculared and 

observed quadtwpole sp1irGng.s ,for a large nutnhcr “f 

four coordinafe Sn Iv cotnpowlds and .si.u coordinate 

Fe” cornpowzds. A pIor o3f cakxlared ver.sus observed 

quadrupole splitrings for 92 Sn cotnpow1d.s giraes a 

.slope 0,f 1.01. ati itiIercq3I of +O.OS tnrn s-‘, and 0 

correlflrinti coefficient r = 0.992. A similar plot for 81 

Fe” u3tnpow~d.s gives N slope c!f‘ I .03, an inrercei3l of 

-0.04 mt11 s-’ crttd r = 0.979. trq3’ ,for very distorted 

Stt” cotn~3ound.s .s~rch us X,SnM [X = Cl, Br; M = 

Mn(CO),. Fe(C0)2c/3], and Fe” cotn/3outtds cotI- 

raining CO, tllc trgreetnent hetrrwn predicted and oh- 

.serwd Q.S. is wirhitz dw ,t3roposed 0.4 nztn 5~’ (Str) 

Nlld 0.2 1?11?1 .s-’ (Fe) for 907~ of the cotnpo~rnds. It1 

addirion, the rrhor~ slopes and interce~3ts are \‘er-y close 

10 those expecfed (1 .OO and 0.00 t31ni .\-I re.si3c~cri~~pl~,). 

Considerakw of the ~~r~~.srrtllogr_rr~3l~ic c?i.stor~ion.s iti 

four coordirwte Sn” cx7ttl~3olltltls 1wd31e.s 115 f0 ccllcll- 

he “oh.sollrte” pq wl~tr.s. t-lonww, I<‘C dn n(3t obtain 

at1 itnpr~3vemcnt iti rrgreetnet~t between l3redic@d atlti 

obserr~ed Q.S. using rltcsc 134s ~~~llw.s. 

Introduction 

Additive treatment\ of quadrupole splittings’~‘~” 

using partial quadrupolc splittings’ have now been 

\\\idely uSed to rationalize and predict quadrupole 

splittings in compounds of Fe” IOU. spin’~‘.“.“, 

Sn ‘” ‘.2.7-‘7. Co”’ ” and SbV 15, The treatment has 

also been used to distinguish structural isomers in five 

and Six coordinate compounds of the above spc- 
cieS’,2.j. ‘(, . and to predict bonding properties of li- 

gands’~“~‘. Generally. the agreement between predicted 

and observed quadrupole splittings has been surpris- 
ingly good considering the gross simplifying assump- 
tions of the treatmcnt’7. From a detailed treatment of 
Sri’‘’ results. Clark et al.’ concluded that acceptable 
agreement between predicted and observed quadrupole 
splittings was 0.3 mm s-‘. while for Fe” low spin com- 
pounds Bancroft and Lib&y4 concluded that !).7 mm 
SC’ was acceptable agreement. Reasons for discrep- 

ancies outside these valueS have been discussed. They 
include: distortions from regular symmetry’.‘.“. ‘*, 19, 
association’~2 and changes in bonding properties of a 
ligand from one compound to another due to changes 
in s character or changes in ;I bonding’.437. 

Enough data for four coordinate SnlV compounds 

and six coordinate Fe” compounds is now available to 
examine the predictive uses of the pqs treatment in 
more detail. along with the affect of distortion5 on 
quadrupole splittings. We correlate the known Fe” 
and Sn”’ data. and then examine the effect of distor- 
tions on the quadrupole splittings using recent struc- 
tural data. 

Results and Discussion 

Partial cluadrupolc splittings for a large number of 
ligands in ~‘OUI- coordinate SnlV compounds have been 
previousI> calculated. and are listed in Table I. Nearly 
:)I1 of these \vcre initially defined by Clark et al.‘, but 
13ancroii and 13utlerx~’ redefined several \~alues using 
no\ quadrupole splittings for compounds known not 
to be seriously distorted from tctrahcdral geometry. 
Thus. all pqs values were calculated from compounds 
in ivhich the Sn s characters in the four bonds are 
reawnably similar. Using these partial quadrupole 
splittings. \VC have calculated quadrupole splittings for 
90 Sn compounds in Table II which are likely to be 
four coordinate. For ten compounds (27. 28, 36. 37, 
S I. X2. X3. 90. 91. 02). no quadrupole splitting was 
detected, but it is possible that a 0.S. up to at least 
0.6 mm s-’ \vould not be detected. Except for the 
three Me,_,SnPh, compounds. we do not include the 
above compounds in the following discussion. 

For 92 compounds. the agreement between predicted 
and observed cluadrupole splittings is generally very 
good*. For eleven compounds. the predicted Q.S. differs 

* When the sign of the Q.S. is not known. we assume that the 
observed Q.S. has the same sign as the predicted Q.S. No 
discrepancy in sign (when q + I) is yet known for four CO- 
ordinate Sn’” compounds or ior the Fe” low spin compounds 
discussed here. 
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TABLE I. Partial Quadrupole Splittings for Four Coordinate Sn’” (mm \-I). 

Ligand Compound” Value L&and Compound” \‘;tlue 

NCS -10 

F, Cl. Br assigned 

MeCO, 100 
I 99 
HCOO 3x 
CF, 121 

Co( CO), 69 

+0.0-l 

0.00 

-0. 15 
-0.17 
PO.36 
-0.63 

-0.7 I 

Mo(CO),cp 

C,F, 
Re(CO), 
C6G 
WCO), 

Fe( dppe)cp 
Fc( CO),cp 

Ph 
MC 

7 Y 
107-l Ii. 113 
x-l 

117 
I 

51 
26 

101. 107 
Y3. 9-l. 97 

-0.75 
-0.76 
-0.x0 

-0.8.7 
-0.07 

- I .O’ 
- I .(1X 

- I.26 
- I..?7 

a See Table II 

TABl_E II. I IY-Tin Quadrupole Splitting\ (‘,> c’qQ): Ohser\cd. and Predicted from Partial Quadrupole Splittings 

for Four Co-ordinate Tin Compound\. 

Compound Quadrupolc Splitting (mm \-I) R c‘ f e r e n c c 

I. 

7. 
3. 
1. 

.> 
(1. 
7. 
s 
9. 

IO. 
I I. 
11. 
13. 
14. 
15. 
16. 

17. 
IX. 
19. 
20. 
11. 
23. 

2 3 
23. 
25. 
26. 
27. 
2x. 
2Y. 
30. 

31. 
31. 
33. 
31. 
35. 
36. 
37. 
38. 
30. 
40. 

Observed 

Me,SnMn(CO), 
Et,SnMn(CO), 

>le,Sn[hln(CO),]2 
MeSn(hZn(CO),], 

Me,CISnMn(CO), 
Me,BrSn~ln(CO), 
MeCl,SnMn(cyO), 
MeBr,Sn%ln(CO), 
<‘I,SnMn(CO), 
Br,SnMn(CO), 
l,SnMn(CO), 

(‘12Sn[Mn(CO),], 
Br,Sn[Mn(CO),], 
Cl Sn[Mn(CO),], 
Ph,SnMn(CO), 
Ph2CISnMn(CO), 
Ph,BrSnMn(CO), 
PhCl,SnMn(CO), 

PhBr,SnMn(C‘O), 
Ph12Snhln(CO), 
Ph2(C,F,)SnMn(CO), 
I’h((‘,F,),SnMn((‘O); 
(C,F,),SnMn(CO), 
Sn[Fe(CO),cp14 
Me,SnFe(CO),cp 
Bu,SnFe(CO),cp 
Mc,Sn[Fe( CO),cp], 
Et,Sn[Fc(CO),cp]2 
CI,SnFe(CO),cp 
Br,SnFe(CO),cp 
I,SnFe(CO),cp 
CI,Sn[Fc(CO),cp], 
Br,Sn[Fc(CO),cp], 
12Sn[Fe(CO)2cp], 
Ph,SnFe(CO),cp 
Ph,Sn[Fe(CO),cp], 
PhSn[Fc(CO),cp], 
Ph,ClSnFe(CO),cp 
Ph,BrSnFe(CO),cp 
PhCI,SnFe(CO),cp 

_ 
I 
7 

.? 

3 
I 
1 
I 
4 

I 
I 

5 
(1 
(1 
7 
I 
t 
I 
I 

I 
5 
I 
I 
t 
6 
x 
9 
2 
2 
I 
I 

IO 
Y. IO 
h 

IO 
I 

I I 
I I 

I 
I 
I 0.9x 

0.00 

0.00 
I .oo 

0.00 
0.4 I (0.35 observed) 
(1.4 I 
,).X0 (0.36 ohser\ed) 
O.XY 

0.00 (-0 observed) 

0.00 

0.00 
I .(I0 
I .oo 
0.00 
0.00 
0.32 
(1.32 
O.Y-1 

0.94 
0.4 I 
0.78 
0.5s 
0.00 -0 obwrved) 

0.00 

0.00 (-0 ohwrved) 

0.00 
I .oo 
I .oo 
0.00 (-0 ohwrved) 
0.00 
0.00 

1 .OO (0.65 observed) 
I .oo 
I .oo 
0.00 
I .oo 
0.00 
0.20 
0.20 

'1 

Calculated 
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TABLE II. (Cont.) 

_ 

41. PhBr,SnFe(CO),cp 
42. Ph,(C,F,)SnFe(CO),cp 
3.1. Ph(C,F,),SnFc(CO),cp 
43. (C6F5),SnFe(CO),cp 
15. CISn[Mn(CO),] [Fe(CO),cp], 

36. (NCS),SnFe(CO),cp 
37. (NCS),Sn[Fe(CO),cp12 
4X. (HCOO),SnFe(CO),cp 
39. (HCOO),Sn[Fe(CO),cp[, 
50. (CH,COO),SnFe(CO),cp 
51. (CH,COO),Sn[Fc(CO),cpl, 
52. h?e,SnFe(dppe)cp 

s3. CI,SnFe(dppe)cp 
53. Br,SnFe(dppe)cp 
55. I,SnFr(dppe)cp 
56. Sn[Co(CO),l.l 
57. Me,SnCo(CO), 
5x. Me,Sn[Co(CO),], 
59. MeSn[Co(CO),], 
60. Me,CISnCo(CO), 
61. MeClSn[Co(CO),], 
62. CI,SnCo(CO), 
63. Br,SnCo(CO), 
6-1. l,SnCo(CO), 
65. CI,Sn[Co(CO),], 
66. Br,Sn[Co(CO),], 
67. I,Sn(Co(CO),], 

68. FSn[Co(CO),], 
69. CISn[Co(CO),], 
70. BrSn[Co(CO),], 
71. ISn[Co(CO),], 
72. Ph,SnCo(CO), 
73. Ph,Sn[Co(CO),], 
74. PhSn[Co(CO),], 
75. Ph,CISnCo(CO), 
76. PhClSn[Co(CO),]2 

77. Me,Sn[Mn(CO),] [Co(CO),] 

7x. Ph,Sn[Mn(CO),l ICNCOLI 
79. Mc,SnMo(CO),cp 
X0. Cl,Sn[Mn(CO),] [Mo(CO),cp] 
Xl. Ph,SnRe(CO), 
X2. ~‘bWWCO)s12 
X3. 1 PWWCOM3 
X3. CISn[ Rc(CO),], 
X5. BrSn[Re(CO),], 
X6. CI,Sn[Mn(CO),] [Re(CO),] 
X7. R,Sn (R = Me. Et, Pr, Bu. Neo, cy) 

XX. Ph,Sn 
XY. (C,X,),Sn (X = F. Cl) 
00. Me,SnPh 
91. Me,SnPh2 
92. MeSnPh, 
Y.3. Neo,SnF 
YA. Neo,SnCl 
95. (PhCH,),SnCI 
96. (PhCH,),SnCI, 
97. Neo,SnBr 
9X. Bu,SnI 

Compound Quadrupole Splitting (mm s-‘) Reference 7 

Observed 
_, 

3.65 
O.Y3 
I .37 
I.21 
2.03 

2.21 
+1.56 

I.45 
2. IY 
1.x7 
1.60 
0.70 

1.76 
I .60 
1.53 
0 

1.73 
I.53 
I.20 
7.73 
2.3X 
I.20 
I.29 

0.71 
I .33 

I .I6 
1.07 
0.Y7 

I .12 
I .06 
0.95 
I.20 
1.27 
I .7X 
2. IX 
I.XX 

I .Ih 
1.1.5 
I .2s 

2.0 
Oh 
Oh 
Oh 

I .60 

I .hO 
2.4x 
0 

0 
0 
Oh 
Ob 
Oh 

2.70 
3.6.5 
2.x0 
2.84 
2.65 
2.65 

Calculated 

i2.71 
-0.03 
+o.vc) 
+0.63h 
-‘.I0 

(+vc)a 
2.5x 

(+vc)a 
1 .h7b 

+ I.Xh 
2. IJh 

(-ve)a 
+2,o‘l 
f7.(11h 

+ I .70 
0.00 

_ I .3Zh 
I.51 

+ I.37 
-7.62 
-7 77 _._ 
+ I .17 
+ I .31 
+ I .0x 

I .64 
I .hl 
I.25 

- I .37h 

(-ve)” 
- I .-I2 

I .0x 
-1. IO 

1.77 
+I.10 
-2.30 
-1.07 

- 1.30 
- I .Oh 

(-ve)” 

+ I .YO 
-0.Y2 

I .Oh’ 
+o.Y7’ 

( +ve)a 
+ I .60 

2.w 
0.00 
0.00 
0.00 

-0.22 
0.25 

+0.22 
(-2.73)a 
(-2.73)” 
-2.71 

3.15 
(-?.7‘%)” 

_ 
Calculated 

I 

I 
I 
I 

II 

IO 
Y. 10 

IO 
IO 

I 0 
10 
I2 
I2 

I?. 
13 

I 
I 

I 
I 
1 

I 
I 
6. 13 

I 3 
I 
I 
I 
I 

I 

I3 
13 

I 
I 

l-1 
I 
I 

I 
7 

15 
7 
7 
7 
7 

II 
7 
7 

16. 17 

I6 
I6 
I6 
I6 
16 
17 
17 
IX 
IX 
I7 

-2.40 I6 

0.9x 
0.50 

0.X4 
0.00 

0.11 
0.00 
I .OO (<O.S observed) 
0.00 
I .oo 
0.00 
I .oo 
0.00 

0.00 
0.00 
0.00 
0.00 

0.00 
1 .oo 
0.00 
0.66 

O.YY 
0.00 
0.00 
0.00 
I.00 
I .oo 
I .oo 
0.00 

0.00 
0.00 

0.00 
0.00 

I .oo 
0.00 
0.60 
0.83 

0.80 
0.72 
0.00 
0.66 
0.00 
I .oo 
0.00 
0.00 

0.00 
0.96 
0.00 
0.00 
0.00 
0.00 
I .oo 
0.00 
0.00 
0.00 
0.00 
I .oo 
0.00 
0.00 



TABLE II. (Cont.) 

Compound Quadrupole Splitting (mm s-‘) 
___~ 

Observed Calculated 

Reference q 
~~. _____ 

Calculated 

99. Neo,Snl 

100. Neo,Sn(O,CMe) 

101. Ph,SnCI 

102. Ph,SnBr 

10.1. Ph,Snl 

103. Ph,SnCI, 

105. PhzSn13r, 

106. Ph,Snl, 

107. Me,Sn(C,F,) 

1 Oh. Me,Sn(C,F,)> 

100. MeSn(C,F,), 

I IO. Ph,Sn(C,F,) 

I I I. Ph,Sn( ChF& 

I I?. (-I-MeC,H,)2S’~(<‘,l’i)z 

113. PhSn(C,F;)3 

11-t. (I-MrC,ll,)Sn(C,F,), 

115. CISn(C,F5), 

116. BrSn(C,F,), 

I 17. Mc,Sn( C,Cl<) 

I IS. Ph,Sn(C,C‘I,) 

I IY. Ph&(C,,C t5)J 

1’0. t’tlSn(C~,CI,), 

I7 I. M~,Sn(‘t’, 

127. .Lle,Sn(‘FzC F 3 

Abbreviations: Me. me!h!~t (CH?): Et. ethyl (CH,CH2): Pr. n-propyl (CH,C‘H2CH,); Bu, n-hutyl (CH,CH,CH,CH,): 

NW. neoph!l ((‘((‘h2)r(CHz(‘htf4)): cl. c!cloheuyl (C,H,,): Ph. phenyt (C,,tf,): cp. h-c!clopentadi~nvt (C,ff5); 

dplx. 1.2-his(diphen!~lp~~~)~p~~i~l~))~t~~~~~~~. 

” Compound wed to dxivc a tlgand p.q.\. \atuc. The Ggn a\\umcd I\ shov+,n; and the predicted \ ;IIUJ is :tl\o 5hown if the tigand 

p.q.s. \atue mas n\eragcd from more than one compound. h Calculated 1 atuc differ\ l’rom obwrved vatue b), mow than 0.1 mm s-;‘. 

’ Not included in the corl-ctation 1n f’igurc I. txxausc there i\ mo\t tikcly a \m;itl 0.S. prcwnt which ha\ not hccn detected. 
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from the observed by over 0.4 mm s-i, and in only 
four cases (23. 30, 44, 49) is the discrepancy larger 
than 0.5 mm s-i. A number of these discrepancies can 
be rationalized by considering either distortions or a 
large change in s character of the Sn-M [M = Fe 
(CO),cp, Mn(CO),] bond. Thus for compounds 10, 
29, 30 and 54, the discrepancy is readily rationalized 
by considering the large increase of s character in the 
Sn-M bond from the R,SnM compounds (from which 
the pqs values were derived) to the X,SnM compounds. 
As the s character of the Sn-M bond increases. the 
“effective” pqs of the M group becomes less negative. 
For compound 68, it is quite possible that there is some 
intermolecular association through the F atom, which 
would lead to this low Q.S.9 

The generally very good agreement between predict- 
ed and observed values is emphasized by the excellent 
correlation between predicted and observed Q.S. given 
in Figure I. For the 92 compounds, we obtain a straight 
line of slope I .O I. intercept + 0.03, and a correlation 
coefficient r = 0.992. Both slope and intercept are very 
close to the theoretical values of 1 .!)O and 0.00. 

In a similar way. we have collected all the known 
quadrupole splittings for Fe” low spin compounds con- 
taining ligands for which pqs values have been derived. 
These pqs values are listed in recent publications’.4, 
and were derived from GWZS compounds of the type 
rmns-FeL,L’, wherever possible. Using these pqs 
values. we calculate quadrupole splittings for cighty- 
one Fe” low spin compounds (Table III). 

Agreement between predicted and observed qua- 
drupole splittings is generally reasonable. but 2 I com- 
pounds havse predicted Q.S. which differs from that 
observed by over 0.2 mm s-‘, Only six lie outside 
0.3 mm s-‘. Of the twenty-one compounds. fourteen 
contain CO whose bonding properties arc known to 
vary substantially. In addition, Clark ef nl.’ have sug- 
gested that localized orbitals are a necessary condition 
for additivity. Since it is not possible to write down 
localized ;I orbitals between CO and Fe. Clark suggest- 
ed that additivity would not be expected for strong ,7 

acceptor ligands such as CO. 

The plot of calculated versus observed Q.S. gives a 
straight line of slope 1.03, an intercept of -0.04 mm s-i 
with an r of 0.979, for 81 compounds. If we exclude 
the carbonyl compounds (71, 73, 74) which contain 
Co rruns to a strong d donor and weak .rr acceptor, then 
for 7X compounds we obtain a straight line of slope 
1.02, intercept -0.06 and r = 0.987. Once again, we 
have very good correlations considering the gross 
assumptions. 

The Effect of Distortions 
In the above calculations, regular tetrahedral (Sri’“) 

or octahedral (Fen) geometry was assumed for all 
molecules. However, a number of four coordinate tin 
structures have been determined by diffraction methods, 

61 

Figure 1. Calculated vs. observed “%n quadrupole splittings 
(mm s-‘) for four coordinated Sn’” compounds (see Table II 
and text). 

Figure 2. Calculated vs. observed “Fe quadrupole splittings 

(mm 5-l) for six coordinate Fe” low spin compounds (see 

Table III and text). 

and the bond angles deviate significantly from the 
tetrahedral value of 109” 47’ by up to 20”. In partic- 
ular. the largest deviations are found in X,SnM (X = 
Cl. Br) compounds. Such large distortions. with the 
accompanying variations in Sn-M s character, are most 
probably a major cause of discrepancies between pre- 
dicted and observed Q.S. Clark et ~1.~ tried to account 
for these distortions in their molecular orbital model, 
but concluded that at least for small distortions it was 
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TABLE III. 57.Iron Quadrupole Splittings: Ohscrced and Predicted tram Partial Quadrupole Splitting\ t’~,r Octahctlral 
Iron LowSpin Compounds. 

cis-Fe(SnCI,)CI(P(OMe),), 

[FeSnCl,(P(OMc),),]BPh, 

[Fe(P(()Me),),,l[l~Ph,12 
fire,-Fe((‘O),I,l’(Ohle), 
Fe(CO),I,(P(OMc),), 
trtrns-[F~(CO)I(P(OMe),),]I 
rran.s-[Fe(CO)I(P(OR;lc),),lI3Ph, 
mrr-[Fe(<‘O)zI(P(OM~),),]BPh, 
/runs-[Fe(CO)l~r(I’(Ohle),),]BPh, 
Fe(CO)LI~r2(P(0Me),), 
Fe(CO),CI,(I’(OMe),), 

c.rs-Fe(NCS),(P(Ohle),), 
cir-Fe(NCS),(ArNC‘), 
Fe((‘O),I,(PMe,)2 
Fe(CO),I,( PMe,)2 
Fe(C0),12(ArNC) 
Fc(CO),12(ArNC), 
Fe(CO),Cl,(dppe) 

l-e(cO)2C‘l,(dppe) 
Fe(CO),Br2(dppe) 
Fe(CO),I,(dppe) 
ci\-Fe(CO),(SnCI,), 

Fe(CO~,I,PPh,Et 
Fe(CO)_Br,( PPh,Et)2 
F~(CO),!,(PP~,EI), 

Fe(C‘O),I:r,(PPh,Me)2 
Fe(CO),l,(PPhZMe), 
Fe(CO),Izf’Ph, 
Fe(C‘O),Br,(PPh,), 
Fc(CO),Br2P(OPh), 
Fe(CO),I,(P(OPh),) 
Fe(C‘O),Br,(P(OPh),), 
F~(CO),I,(P(Of’h),), 
cis-Fe(CO),CI, 
ci.r-Fe(CO),Br, 
crs-Fe(C‘O),I, 
Fe(CO),I,AsPh, 
Fe(CO),Br,(AsPh,), 
Fe(C‘O),Br,(ShPh,), 
Fe([ 1 -Ilane N,)(CN), 

[ Fc( Me,[ IJ]ane N,)(CH,CN),][CIO,], 
Fe([ 1113. I I -dittne N,)(SCN), 

[Fe([ 1113. I I -diene N,)(Im,)][BPh,], 
[Fe([ l3]4.1 I-dlcne N,)(CH,CN),][CIO,], 
Fe([ 1313. I I -diene Nd)(CN)* 

[Fc([ 14]1.4.1 I -tricne N,)(CH,CN),][CIO,], 
[Fe(( I-!] 1.3.X.1 1 -tetracne N4)(CH3CN)Z][C104]2 
[Fe([l4]1.3,8-triene N,)(SCN), 
[Fe([ 1411,3.X-triene N,)(Im),][BF,], 
[Fe([l3]1.3.8-trlene N,)(CH,CN),][PF,], 
[Fe([ lJ]l.3.7,10-tetraene N,)(CH,CN),][PF,], 
[Fe([ II] I .3.7. I I -tetraene N,)(CH,CN),]( BPh412 
[Fe([ 14]1.3,8.10-tetraene N4)(CH3CN),](PF,], 
Fe([ 11]1,3.X.10-tetraene N,)(NO,), 
tic-FeCl,(ArNC), 
[FeCI(ArNC),]CIO, 
cis-Fe(SnCI,),(ArNC), 

Ouadrunole Splitting (mm \-‘I 

Obwrved Calculated 

Compound 

2 

‘l 

1 

-l 

4 

1 

1 

5 
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TABLE 111. (Cont.) 

Compound Quadrupolc Splitting (mm s-‘) Reference 

Observed Calculated 
_____ 

5X. cis-Fe(SnCI,)CI(ArNC), 0.61 -0.69 5 
59. [Fe(SnCI,)(ArNC),]Cl0, 0.32 +0.52 5 
60. truns-FeHCl(depe), <o. I2 -0.20 5 
61. lrans-FcHI(depe)Z (0. IO -0. IX 5 
62. vans-FeCISnCl,(depe), I .7x + I .02” 5 
6.1. trans-FeBr,(depe), 1.22 + I .20 5 
63. cis-Fe(CN),(EtNC), 0.2Y +0.30 s 
65. [Fe(CN)(EtNC)5]CI0, 0. 17 -0.30 5 

66. Fe(niox),(Im), 1.3X + I .6J” 5 
67. Fe(niox),(Py), 1.75 + I .9? 5 
68. Fe(niox),(but), 1.x3 + I .x3 5 
69. K,Fe(niox),(CN), 0.X0 +0.44a 5 

70. KFe(niox),Im(CN) O.Y3 + I .01 5 
71. Fe(niox),Im(CO) 0.77 + I .62” 5 
72. [FcH(ArNC)(dcpc),]BPh, -1.14 -0.YX 5 
73. [FeH(CO)(depe),]BPh, I .oo -0.70” 5 
73. cis-FeH,(CO), 0.55 +o.YX” 6 

7s. trans-[FeH[P(OMc),](dcpe),]BPh, 0.90 -O.YO 6 
76. tranc-(FeH(P(OPhj3](dcpe)zlBPh4 0.72 -0.70 6 
77. trans-[FeH(McCN)(depe),1BFh, 0.36 -0.14 6 
7x. tran.s-{[FeCl(depe),]z(~ucc)}(BPh,), I.17 +l.l? 7 
7’). trans-[FeCI(NCPh)(depe),]BPh, I.12 + I.02 7 
X0. trcr,lc-[Fe(NCMe),(depe),](I~Ph,), 0.93 +o.xx 7 
XI. vans-[FcCI(NO)(depe),](BPh,), 2.15 + 2.04 7 

Abbreviations: ArNC‘.p-methoxyphenylisocyanide; EtNC. ethylirocyanidc; but. N-butylamine; dmpe. 1.2~his(di- 
methylphosphino)ethane; depe. I .2-bi\(diethylphosphino)cthane; dppc. 1.2.bis(diphcnylphosphino)ethane; depb. 
o-phenylenebisdiethylphosphlne: py. pyridine; Im. imidazole: Ph. phenyl: Me, methyl: Et, ethyl; niox. 1,2-cyclohexane- 
dione dioxime. 
a Calculated value differs from observed value by over 0.2 mm s-‘. 

References 

1 E.T. Libbey and G.M. Bancroft. J. Chem. Sot. (Drrhon), 
X7 (1974) at X0” K. 

2 G. M. Bancroft and E.T. Libbey, J. Chem. Sot. (Dalton). 
2103 (1973) at 80” K. 

3 N. Dominelli, E. Wood. P. Vasudev and C.H. W. Jones. 

Inorg. Nucl. Chem. Letr., 8, 1077 (1972). 

best to use the regular tetrahedral model. Since La 
Rossa and Erown14 usefully applied the “distorted” 
version of the point charge model for Co”’ compounds. 
we felt it would be instructive to use the numerous 
Sn”’ crystal structures to apply the literal point charge 
model including distortions. 

The chief difficulty in the distortion calculations 
arises because it is no longer sufficient to use relative 
pqs values, and “absolute” pqs values must be derived. 
One possible way of deriving these “absolute” values 
is to apply the equations defining Q.S. and q (from 

V,, and Vzz) to a molecule where the Q.S. 
$2 its sign) and 17 have been measured (and v =+=O). 

J. C. Dabrowiak, P. H. Merrell, J. A. Stone and D. H. Busch, 
J. Am. Chem. Sot., 95, 6613 (1973) (at 295”). 
G. M. Bancrott and R. H. Platt, Adv. Inorg. Radiochem., 
15, SO (1972): Table 14. with correction for (pq~)~o = 
-0.S.5 mm s-‘. 
This work, (pqs),,, taken from reference 3. 
J. Bellerby and M.J. Mays, J. Chem. Sot. (Dalton), to be 

published. 

The only appropriate compound so far reported’” is 

Cl,Sn[Fe(CO),cp],, which has the parameters Q.S. 
= + 2.35 mm s-l, and 17 = 0.65. Considering the axis 
system shown below Table IV. Vii, Vjj and V,, are the 
principal efg axes V,,, V,, and V,, - but not neces- 
sarily in that order. From the reported crystallographic 
study” of this compound, * = 12X.6 and p = 94.1; so 
that the efg components are given by 

-eQV,, = -0.8716{Fe} + 0.78SS{Cl} 
-eQVjj = -2.OOOO{Fe} + 1.2 154{CI} 

(la) 
(lb) 

-eQV,, = + 2.8716{Fe} - 2.OOOO{Cl} 

where {Fe(CO),cp} is abbreviated as {Fe}. 

(lc) 
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TABLE IV. Calculated Absolute pqs Valuer for Cl and Fe 

(CO),cp (method 1). 

Awgnment {Cl) 
(mm 5-l) 

{ Fe(CO),cp} OS (Cl,SnFc 

(mm 5-l) (CO)*cp) 
(calculated) 

(mm 7-l) 

I. i =x 

i =\ +6.70 +3.00 -2.05 

k =z 

7. i =y 

i =x - I .X6 -7.06 +2.53 
k =L 

3. i =x 
, =/ + I I .o 4-7.7’) -h.l-l 

h =y 

4. i => 

J =7 +.5.05 +1.17 -4.0 I 

k =x 
5. i =7 

i =x -11.x -8.07 +h.o2 

k =l 

6. i =L 
] =y - 9. I h -5.73 f3.60 

k =.x 

Clearly. there are six \\ay\ in \vhich axes i, j. k can 
be assigned to X. Y, Z: but there \eerns to he no simple 
\vay in which they can he identified. Thu\. the above 
equations (la-c) \\ere solced against 11 = (V,,- 

V,,)!V,, for {Fe} and {Cl} for each posGblr assign- 
ment, and the results are shown in Table IV. The most 
5traightforward tat of thew derived absolute pqs \‘;I- 

lues is to use them. together with the mcasuredz2 
crystallographic angle\. to calculate the Q.S. for Cl, 
SnFe(CO),cp. V,, is unambiguously defined for this 
molecule and ~1 is knwn to bc zero2”,23. 

The IU.S.1 of Cl,SnFe(CO),cp i\ I.33 (Table II) 
and its sign is positive2”.23. Thu\ solution5 1, 3 and 3 
in Table IV do not predict the correct sign. and can 

be neglected. Of the other solutions. solution 1 5haw 
the best agreement: but thi4 i\ not as good as the 
+ 3. I6 mm s-’ predicted using regular tetrahedral 

angles,. 

A possible problem with the abovc analysis is the 

fact that the uncertainty in the ~7 value measured fog 
Cl,Sn[Fe(CO),cp], is relatively large (0.0.5)‘“. Conse- 

quently, an alternative (and possibly more accurate) 
approach is to s&c for {Cl) and {Fe(CO),cp} using 

the v,, expressions for ClzSn[Fe(CO),cp]2 and C1, 
SnFe(CO),cp. For the latter compound. 

-eOV,, = O.X%9{Cl} - 2.OOOO{Fc} (2) 

and V,, for the former compound is defined by one 
of equations 1 a-c. Consequently. there arc three pos- 
sible solutions as. once again. It is possible that Vii. 
V,, or V,, for C12Sn[Fe(CO),cp], could be assigned 
to V,,. However. of the three possible solutions. only 
the one for V,, = Vrr correctly reproduce5 the cor- 
rect Q.S. and v for Cl,Sn[Fc(CO)2cp],. 

The {Cl} and {Fe(CO),cp) thus derived were used 
to also derive {Phj. {MIEN) and {Co(CO),} from 
the compounds listed in Table V. once again applying 
crystallographically determined bond angles2J.25~26. It 
can be seen that these pqs values arc not greatly diffcr- 
cnt from those calculated wing regular tctrahcdral 
angles (Table 1). and the ordrl- of the lipand pqs va- 
lues is similar (except for Mn(CO), and Co(CO), 
\vhose pqs I alues are non nearty equal). 

The number of compounds to which these pqs va- 
lues can be applied is limited by the number whose 
structural paramctcr~ have been measured. These 
compounds. togethel- with the predicted and obser\ ed 
0.S. and 11 \Aues. are listed in Table VI. It can be seen 
that in every case the regular geometry calculations 
give better agreement bctnccn predicted and observed 
U.S.. than the calculations u5ing crystallographic bond 
angles. Thw, the use of these “absolute” pqs values 
rather than the previously defined relative values do 
not seem justified for a number of reasons. First, agree- 
ment between predicted and obserwd O.S. is not 
improved by using the “absolute” values. Second. the 
use of the treatment is severely limited to the small 
number of compound\ whose structural parameters 
have been determined by diffraction studies. Third. 
the calculations are much less straightforward: and 
fourth, the use of the point charge treatment in such 
calculation\ probably has IC~S chemical significance. We 
conclude that the semiquantitative agreement (in the 
Missbauer senw) prwided by the regular geometry 
pqc value5 may well be as good a5 is possible for these 
Sn”’ and Fe” compound\ using such an o\erGmplified 

TABLE V. Calculated Absolute Ligand pqs Value\ for Four 

Co-ordinate Tin (method 2). 

I_ Pqs (mm s-‘) Derhrd from (QS; mm s-‘) 

Fe(CO),cp -1.15 CI,Sn[Fe(CO)pq],_,(n = 1.3) 
(‘I -0.556 
PI1 

Ml(CO), 

Co(CO), 

-I .66 

-0.YY6 

-I .02 

Ph,SnFe(CO),cp 

CISn[Mn(CO),], 

ClSn[C‘o(CO),], 



Partial Quadrupole Splittings in Tin(lV) and Iron 

TABLE VI. Calculated and Observed OS Values for some Four Co-ordinate Tin Compounds Using Crystallographic- 

ally Measured Bond Angles. 

Compound QS (mm s-‘) 

65 

Observed 

Ph,SnCl 

Ph,SnMn(CO), 

PhCI,SnFe(CO),cp 

PhZSn[Mn(CO),l[Co(CO),l 

-2.54 
(q - 0.0) 

0.41 

3.X4 

1.15 

treatment. Such agreement is. and will be. still extreme- 
ly useful for distinguishing isomers, comparing bonding 
properties of ligands. and predicting Q.S. for isoelec- 
tronic isostructural species”. 
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