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Using recently derived partial quadrupole splittings
(pgs), we have tabulated previously calculated and
observed quadrupole splittings for a large number of
four coordinate Sn'Y compounds and six coordinate
Fe" compounds. A plot of calculated versus observed
quadrupole splittings for 92 Sn compounds gives a
slope of 1.01, an intercept of +0.03 mm s7', and a
correlation coefficient r = 0.992. A similar plot for 81
Fe'' compounds gives a slope of 1.03, an intercept of
—0.04 mm 57" and r = 0.979. Except for very distorted
Sntv compounds such as X;5nM [X = Cl, Bry M =
Mn(CO)s, Fe(CO)xpl, and Fe'' compounds con-
taining CO, the agreement berween predicted and ob-
served Q.S. is within the proposed 0.4 mm s7' (Sn)
and 0.2 mm s7' (Fe) for 90% of the compounds. In
addition, the above slopes and intercepts are very close
10 those expected (1.00 and 0.00 mm s7' respectively).

Consideration of the crystallographic distortions in
four coordinate Sn'™ compounds enables us to calcu-
late “absolute” pqs values. However, we do not obtain
an improvement in agreement between predicted and
observed Q.S. using these pgs values.

Introduction

Additive trcatments of guadrupole splittings'-2?
using partial quadrupole splittings’ have now been
widely used to rationalize and predict quadrupole
splittings in  compounds of Fe!' low spin'*5°
Sn'V 127B 0 Cot M gnd SbY 'S, The treatment has
also been used to distinguish structural isomers in five
and six coordinate compounds of the above spe-
cies" %' and to predict bonding propertics of li-
gands™* 7. Generally, the agreement between predicted
and observed quadrupole splittings has been surpris-
ingly good considering the gross simplifying assump-
tions of the treatment'”. From a detailed treatment of
Sn" results, Clark er al.” concluded that acceptable
agreement between predicted and observed quadrupole
splittings was 0.4 mm s~'. while for Fe'" Jow spin com-
pounds Bancroft and Libbey* concluded that 0.2 mm

s7' was acceptable agreement. Reasons for discrep-

ancies outside these values have been discussed. They
include: distortions from regular symmetry'3 18:12,
association’? and changes in bonding properties of a
ligand from one compound to another due to changes
in s character or changes in 7 bonding"*7.

Enough data for four coordinatc Sn'Y compounds
and six coordinate Fe!' compounds is now available to
examine the predictive uses of the pgs treatment in
more detail. along with the affect of distortions 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 quadrupole splittings for a large number of
ligands in four coordinate Sn'Y compounds have been
previously calculated, and are listed in Table 1. Nearly
all of these were initially defined by Clark er al.”, but
Bancroft and Butler®® redefined several values using
new quadrupole splittings for compounds known not
to be seriously distorted from tetrahedral geometry.
Thus. all pgs values were calculated from compounds
in which the Sn s characters in the four bonds are
rcasonably similar. Using these partial quadrupole
splittings. we have calculated quadrupole splittings for
99 Sn compounds in Table II which are likelv to be
four coordinate. For ten compounds (27. 28, 36. 37,
81. 82, 83, 90, 91. 92). no quadrupole splitting was
detected, but it is possible that a Q.S. up to at least
0.6 mm s™' would 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 agrecement between predicted
and observed quadrupole 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 73 1) is yet known for four co-
ordinate $Sn'Y compounds or for the Fe'' low spin compounds
discussed hcere.
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TABLE L. Partial Quadrupole Splittings for Four Coordinate Sn'Y (mm s71).

G. M. Bancroft and K. D. Butler

Ligand Compound® Value Ligand Compound® Value
NCS 46 +0.04 Mo(CO);cp 79 -0.75
C.Fs 107—111. 113 —0.76
F. Cl. Br assigned 0.00 Re(CO); 84 —0.80
MeCO, 100 —0.15 CoeCls 117 —-0.83
i 99 -0.17 Mn{CO)s 1 —0.97
HCOO 48 —0.36 Fe(dppe)cp 52 —1.02
CF, 121 —0.63 Fe(CO)yep 26 —1.08
Ph 101. 102 —1.26
Co(CO), 69 —-0.71 Me 93. 94,97 —1.37
#See Table 11
TABLE 1L 119-Tin Quadrupole Sphittings (*/, ¢’qQ): Observed. and Predicted from Partial Quadrupole Splittings
for Four Co-ordinate Tin Compounds.
Compound Quadrupole Splitting (mm 1) Reference ”
Observed Calculated Calculated
1. Me;SnMn(CO); 0.82 (—ve)? 1 0.00
2. Et;SnMn(CO); 0.88 —0.82 2 0.00
3. Me,SnfMn(CO)s), 0.92 0.92 3 1.00
4. MeSn[Mn(CO)q]4 (.95 +0.82 3 0.00
5. Me,CISnMn(CO), —2.60 —-2.59 | 0.41 {0.35 observed)
6. Me,BrSnMn(CO), 2.54 —-2.59 4 0.41
7. MeClLSnMn(CO)s +2.62 +2.79 1 .89 (0.46 observed)
8. MeBr,SnMn(CO), 2.51 +2.79 4 0.89
9. Cl3SaMn(CO); +1.60 +1.94 1 0.00 (~0 observed)
10. BrySnMn(CO)s 1.53 +1.94P 1 0.00
1. LSnMn(CO)s 1.32 +1.60 N 0.00
12, ClLSn[Mn(CO)s]. 2.10 224 6 1.00
13. Br,SnfMn(CO)s|, 2.12 2.24 6 1.00
14. C1 SnfMn(CO)s]s .55 -1.94 7 0.00
15. Ph;SnMn(CO); 0.41 —0.58 I 0.00
16. Ph,CISnMn(CO); 2.50 -2.39 1 0.32
17. Ph,BrSnMn(CO); 2.31 -2.39 1 0.32
18. PhCLSnMn(CO); 2.52 +2.62 1 0.94
19. PhBr,SnMn(CO); 2.65 +2.62 1 0.94
20. PhI,SnMn(CO)s 209 2.23 5 0.91
21. Phy(C.F5)SnMn(CO), 0.95 —0.97 1 0.7%
22, Ph(CeF5),SnMn(CO), 1.06 +0.95 1 0.58
23, (CeF5):SnMn(CO), +0.99 +0.42° 1 0.00 ~0 observed)
24, Sn[Fe(CO),eply (.00 0.00 6 0.00
25. Me;SnFe(COj,ep 0.46 —0.58 8 0.00 (~0 observed)
26. BusSnFe(CO)aep -0.59 (—ve)* 9 0.00
27. Me,Sn[Fe(CO),cepl, or 0.67¢ 2 1.00
28, Et,Sn[Fe(CO),ep]s ae 0.67¢ 2 1.00
29. CLSnFe(CO),ep +1.83 +2.160 1 0.00 (~0 observed)
30. BrySnFe(CO),cp 1.63 +2.16° 1 0.00
31. I;SnFe(CO).ep 1.50 +1.82 10 0.00
32, CLSn[Fe(CO),epla +2.39 2.50 9. 10 1.00 (0.65 observed)
33. Br,Sn{Fe(CO),epl, 2.42 2.50 6 1.00
34, L;Sn|Fe(CO),ep]s 2.25 2.09 10 1.00
35. Ph3SnFe(CO),ep 0.32 —0.36 1 0.00
36. Ph,Sn[Fe(CO),epl, (N 0.42¢ Il 1.00
37. PhSn[Fc(CO),cpl; (O +0.36¢ 11 0.00
38. Ph,CISnFe(CO),ep 2.54 -2.42 1 0.20
39. Ph,BrSnFe(CO),cp 2.52 —2.42 1 0.20
40. PhClSnFe(CO),cp 2.84 +2.72 1 0.98
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Compound Quadrupole Splitting (mm s™') Reference 7
Observed Calculated Calculated

41. PhBr,SnFe(CO),cp 2.65 +2.72 1 0.98
42. Ph,(C¢F5)SnFe(CO),cp 0.93 —0.94 1 0.50
43. Ph(C¢Fs),SnFe(CO),cp 1.37 +0.99 1 0.84
44. (CoF5);SnFe(CO),cp 1.21 +0.64° 1 0.00
45. CISn[Mn(CO);][Fe(CO),cpl, 2.02 -2.10 11 0.14
46. (NCS),SnFe(CO),cp 2.24 (+ve)* 10 0.00
47. (NCS),Sn[Fe(CO),cp), +2.56 2.58 9,10 1.00 (<0.5 observed)
48. (HCOO),SnFe(COY,cp 1.45 (+ve)* 10 0.00
49, (HCOO),Sn[Fe(CO),cp|; 2.19 1.67° 10 1.00
50. {CH3CO0);SnFe(CO),ep 1.87 +1.86 10 0.00
51. (CH;C00),Sn[Fe(CO),cepl, 2.60 2.14° 10 1.00
52. Me,;SnFe(dppe)cp 0.70 (—ve)* 12 0.00
53. ClySnFe(dppe)cp 1.76 +2.04 12 0.00
54, BrySnFe(dppe)cp 1.60 +2.04° 12 0.00
55. I;SnFe(dppe)cp 1.53 +1.70 12 0.00
56. Sn[Co(CO)4l4 0 0.00 1 0.00
57. Me,SnCo(CO), 1.73 —~1.32° 1 0.00
58. Me,Sn[Co(CO)4), 1.53 1.52 ! 1.00
59. MeSn[Co(CO),]; 1.29 +1.32 1 0.00
60. Me,CISnCo(CO), 2.73 -2.62 1 0.66
61. MeClISn[Co(CO)4l, 2.38 -2.27 1 0.99
62. Cl3SnCo(CO), 1.20 +1.42 1 0.00
63. Bry$SnCo(CO), 1.29 +1.42 6. 13 0.00
64. 1,SnCo(CO), 0.71 +1.08 13 0.00
65. C1,Sn[Co(CO),], 1.44 1.64 1 1.00
66. Br,Sn[Co(CO},]; 1.46 1.64 1 1.00
67. 1,8n[Co(CO),], 1.07 1.25 1 1.00
68. FSn[Co(CO),]; 0.97 —1.42b | 0.00
69. CISn[Co(CO),]5 1.42 (—ve)* l 0.00
70. BrSn[Co(CO)4]s 1.06 —1.42 13 0.00
71. 1Sn[Co(CO)s]5 0.95 ~1.08 13 0.00
72. PhSnCo(CO), 1.20 —-1.10 1 0.00
73. Ph,Sn[Co(CO)], 1.27 1.27 1 1.00
74. PhSn[Co(CO),]5 1.28 +1.10 14 0.00
75, Ph,CISnCo(CO), 2.18 —2.39 1 0.60
76. PhCISn[Co(CO),4], 1.88 -2.07 1 (.83
77. Mey,Sn[Mn(CO)s|[Co(CO),] 1.46 —1.30 1 0.80
78. Ph,Sn[Mn(CO};5][Co(CO)y4] 1.15 - 1.06 7 0.72
79. Me;SnMo(CO),ep 1.25 (—ve)? 15 0.00
80. CLSn[Mn(CO);][Mo(CO),cp] 2.0 +1.90 7 0.66
81. Ph,SnRe(CO); ob —0.92¢ 7 0.00
82. Ph,Sn[Re(CO)s], o° 1.06¢ 7 1.00
83. PhSn[Re(CO);]; 0b +0.92¢ 7 0.00
84. CISn[Re(CO)s], 1.60 (+ve) 11 0.00
85. BrSn[Re(CO)s], 1.60 +1.60 7 0.00
86. CLSn[Mn(CO)s|[Re(COY,] 2.48 2.06" 7 0.96
87. R,Sn (R = Me. Et, Pr, Bu. Neo, cy) 0 0.00 16, 17 0.00
88. Ph,Sn 0 0.00 16 0.00
89. (CeXs5).Sn (X = F, Cl) 0 0.00 16 0.00
90. Me;SnPh (O —-0.22 16 0.00
91. Me,SnPh, e 0.25 16 1.00
92. MeSnPh; or +0.22 16 0.00
93. Neo;SnF 2.79 (=2.74) 17 0.00
94, Neo;SnCl 2.65 (=2.74)* 17 0.00
95. (PhCH,),SnCl 2.80 ~2.74 18 0.00
96. (PhCH,),SnCl, 2.84 3.15 18 1.00
97. Neo,SnBr 2.65 (=2.74) 17 0.00
9%. Bu;Snl 2.65 —2.40 16 0.00
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TABLE I1. (Cont.)

G. M. Bancroft and K. D. Butler

Compound Quadrupole Splitting (mm s™") Reference n
Observed Calculated Calculated
99. Neo,Snl 2.40 (—ve)? 17 0.00
100. Neo;Sn(O,CMe) 2.45 (~ve)* 17 0.00
101. Ph;SnCl -2.54 (—=2.52)* 18 0.00
102, Ph,;SnBr 2.50 (=2.52)* 18 0.00
103. Ph,Snl 215 -2.02 18 0.00
104. Ph,SnCl, 2.82 2.90 18 1.00
105. Ph,SnBr, 2.54 2.90 18 1.00
106. Ph,Snl, 2.38 2.47 18 1.00
107. Me;Sn(CeFs) ~1.35 (—1.34) 18 0.00
108, Me,Sn(CeFs), 1.51 (1.54) 18 1.00
109, MeSn(C4Fs), 114 (+1.34)8 19 0.00
110. PhySn(C,Fy) —0.93 —1.12)* 18 0.00
111, PhySn(CeFs), 111 (1.29) 1% 1.00
112, (3-MeCeH,)>Sn(CoFs)s 118 1.29 19 1.00
113. PhSn{C.Fs), 0.92 (+1.12) 19 0.00
114, (4-MeCe11)Sn(CoFs)s 1.02 + 112 19 0.00
115, CISn(CeFs), 1.55 —1.40 19 0.00
116. BrSn(CyFs), 1.60 —1.40 19 0.00
117. Me,Sn(C,Cly) 1.0Y (—ve)® 20 0.00
118, PhySn(CoCls) .84 —0).86 20 0.00
119, PhySn(C,Cly), 114 0.99 20,21 1.00
120, PhSn(C,Cly), 0.80 +0.86 21 0.00
121. Me;SnCl, 1.48 (—ve)? 20,22 0.00
—1.48 22 0.00

122. Me,SnCF,CF, 1.03

Abbreviations: Me, methyl (CH,): Et, ethyl (CH,CH,): Pr. n-propyl (CH,CH,CH,);

Bu. n-butvl (CH,CH,CH,CH,):

Neo. neophvl (C(CH,)(CHLCH)) 1 ey, evelohexyl (CgHyy): Ph phenyl (CoHs): ep. hi-cyclopentadienyl (CsHi);
dppe. 1.2-bis(diphenviphosphino)cthanc.
a Compound used to derive a ligand p.q.s. value. The sign assumed is shown; and the predicted value is also shown it the ligand

p.q.s. value was averaged from more than one compound. ® Caleulated value ditfers from observed value by more than 0.4 mms ™.

1

¢ Notincluded in the correlation in Figure | because there is most likely a small Q.S. present which has not been detected.
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Partial Quadrupole Splittings in Tin(1V) and Iron(l1)

from the observed by over 0.4 mm s™', and in only
four cases (23, 30, 44, 49) is the discrepancy larger
than 0.5 mm s!. 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)s] 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 pgs values were derived) to the X,SnM compounds.
As the s character of the Sn—M bond increases, the
“effective’” pgs of the M group becomes less negative.
For compound 68, it is quite possible that there is somc
intermolecular association through the F atom, which
would Icad to this low Q.S.°

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 1. For the 92 compounds, we obtain a straight
line of slope 1.01, intercept +0.03, and a correlation
coefficient r = (0.992. Both slope and intercept are very
close to the theoretical values of 1.00 and 0.00.

In a similar way, we have collected all thc known
quadrupole splittings for Fe' low spin compounds con-
taining ligands for which pgs values have been derived.
These pqgs values are listed in recent publications'?,
and were derived from trans compounds of the type
trans-Fel,L’y wherever possible. Using these pgs
values, we calculate quadrupole splittings for cighty-
one Fe! low spin compounds (Table 111).

Agreement between predicted and obscrved qua-
drupole splittings is generally reasonable, but 21 com-
pounds have predicted Q.S. which differs from that
observed by over 0.2 mm s'. Only six lie outside
0.3 mm s7'. Of the twenty-one compounds. fourteen
contain CO whose bonding properties arc known to
vary substantially. In addition. Clark er al.” have sug-
gested that localized orbitals are a necessary condition
for additivity. Since it is not possible to write down
localized 7 orbitals between CO and Fe, Clark suggest-
ed that additivity would not be expected for strong
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
with an r of 0.979, for 81 compounds. It we exclude
the carbonyl compounds (71. 73, 74) which contain
Co trans to a strong o donor and weak s acceptor, then
for 78 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 (Sn')
or octahedral (Fe!'y geometry was assumed for all
molecules. However, a number of four coordinate tin
structures have been determined by diffraction methods,
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Figure 1. Calculated vs. observed ''?Sn quadrupole splittings
(mm s7!) for four coordinated Sn'Y compounds (see Table II
and text).
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Figure 2. Calculated vs. observed *"Fe quadrupole splittings
(mm s for six coordinate Fe'' low spin compounds (see
Table IH 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;5nM (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 al.” 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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G. M. Bancroft and K. D. Butler

TABLE I11. 57-Tron Quadrupole Splittings: Obscrved and Predicted from Partial Quadrupole Splittings for Octahedral
Iron{Il) Low-Spin Compounds.

Compound Quadrupole Splitting (mm s™') Reference
Observed Calculated

1. cis-Fe(SnCl3)CI{(P(OMe);), 0.44 —0.58 1

2. [FeSnCl3(P(OMce)3)s|BPhy +0.36 +0.44 1

3. [Fe(P(OMe);),][BPh,], <0.10 0.0 1
4. fac-Fe(CO),;1,P(OMe); 0.36 —-0.72# 1

s, Fe(CO),L(P(OMe);), 0.73 —-0.92 1

6. trans-[Fe(CO)(P(OMe);),4]1 0.83 +0.92 1

7. trans-{Fe(CO)I(P(OMe),)4|BPhy 0.77 +0.92 1

8. mer-[Fe(CO),1(P(OMe),);]|BPhy 0.67 +0.84 1

9. trans-[Fe(CO)Br(P(OMe),),|BPh, 0.68 +0.942 1
10. Fe(CO),Bry(P(OMe);), 0.93 —-0.94 1
I Fe(CO),Cly(P(OMe),), 0.89 —0.90 1
12 cis-Fe(NCS}),(P(OMe),), 0.30 —(.28 1
13. cis-Fe(NCS),(ArNC), 0.42 +0.38 2
14. Fe(CO),15(PMes), 0.90 —0.96 2
15. Fe(CO), 1L, (PMe;), +1.32 +1.31 2
16. Fe(CO);1,(ATNC) 0.58 —0.82# 2
17. Fe(CO), [ (ArNC), 0.79 — .12 2
18. Fe(CO),Cly(dppe) 0.61 ~0.67 2
19. Fe(CO),Cly(dppe) 0.33 -0.24 2
20. Fe(CO),Bry(dppe) 0.63 —0.71 2
21. Fe(CO),l,(dppe) .60 ~0.69 2
22 cis -Fe(CO)4(SnCly), 0.20 +0.24 3
23. Fe(CO),1,PPh,Et 0.46 —-0.52 2
24. Fe(CO):Br,(PPh,EL), 0.55 —0.66 2
25. Fe(CO),1,(PPhEL), 0.37 —0.64° 2
26. Fe(CO)aBry(PPh,Me), 0.56 —0.66 2
27. Fe(CO),1,0PPh;Me), 0.39 —0.644 2
28. Fe(CO);1,PPh, 0.43 —0.48 2
29. Fe(CO),Br,{PPh;), 0.34 —0.56 2
30. Fe(CO),;Br,P(OPh), 0.27 —{.54 2
31. Fe(CO);1L,{P(OPh);y) 0.33 —0.52 2
32. Fe(CO),Br,(P(OPh);), 0.45 —0.54 2
33. Fe(CO),1L(P(OPh);), 0.32 —0.52 2
34. cis-Fe(CO),Cl, 0.24 -0.502 2
35. cis-Fe{CO),Br, .30 —0.542 2
36. cis-Fe(CO),l, 0.30 —0.522 2
37. Fe(CO);1,AsPhy 0.54 —-0.44 2
38. Fe(CO),Bry,(AsPhs), 0.26 -{.38 2
39. Fe(CO),Br,(SbPh;), 0.27 —0.34 2
40. Fe([14]ane Ng)(CN), —-1.10 —1.10 4
41. [Fe(Me,[ 14]ane Ny)(CH,CN),|[ClO,4], 0.65 +0.64 4
42, Fe([14]4.11-diene N4)(SCN), 0.77 +0.74 4
43, (Fe([14]4.1 -diene N, )(Tm,)|[BPh,], 1.07 +0.84 4
44, [Fe([14]4.11-diene N,)(CH;CN),|[ClO,], 1.07 +1.00 4
45. Fe([14]4.11-diene Ny)(CN), -0.70 —-0.74 4
46. [Fe([14]1.4.11-triene N,)(CH;CN),|[CIO4], 1.28 +1.23 4
47. [Fe([14]1.4.8.11-tetracne N,)(CH;CN),|[ClO4], 1.36 +1.46 4
48. [Fe([14]1.3.8-triene N )(SCN), 1.35 +1.112 4
49. [Fe([14]1,3.8-triene N4)(Im),|[BF,], 1.50 +1.21°2 4
50. [Fe([14]1,3.8-triene N,)(CH,;CN),|[PF,], 1.23 +1.37 4
S1. [Fe([14]1.3.7,10-tetraene N, )(CH;CN),|[PF], 1.51 +1.60 4
52. [Fe([14]1.3.7.11-tetraene N4)(CH5;CN),][BPh,], 1.86 +1.60* 4
53. [Fe([14]1.3.8,10-tetraenc N, )(CH;CN),|[PFq], 1.41 +1.082 4
54. Fe([14]1.3.8.10-tetraene N,)(NO,), 1.39 +1.36 4
S5. cis-FeCl,{ArNC), —-0.78 -0.78 5
56. [FeCl(ArNC);5]CIO, 0.73 +0.78 N
57. cis-Fe(SnCl;),(ArNC), 0.50 —-0.52 5
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Compound Quadrupole Splitting (mm s7") Reference
Observed Calculated
S8. cis-Fe(SnCL)CI(ArNC), 0.61 —0.69 S
59. [Fe(SnCl3)(AINC);]C10, 0.32 +0.52 5
60. trans-FeHCl(depe), <0.12 =0.20 5
61. trans -FeHl(dcepe), <0.19 —0.18 S
62. trans-FeCISnCly(depe), 1.28 +1.02* N
63. trans-FeBr,(depe), 1.22 +1.20 5
64. cis-Fe(CN),(EtNC), 0.29 +0.30 N
65. [Fe(CNJ(EINC);]CIO, 0.17 —0.30 S
66. Fe(niox),(Im), 1.38 +1.642 S
67. Fe(niox),(Py), 1.75 +1.92 S
68. Fe(niox),(but), .83 +1.84 S
69. K,Fe(niox),(CN), 0.80 +0.442 N
70. KFe(niox),Im(CN) 0.93 +1.04 N
71. Fe(niox),Im(CO) 0.77 +1.622 S
72. [FeH(AINC)(depe),]|BPh, -1.14 —0.98 5
73. [FeH(CO)(depe),|BPh, 1.00 -0.707 5
74. cis-FeH,(CO), 0.55 +0.982 6
75. trans-|[FeH|[P(OMe),|(depe),|BPh, 0.90 —0.90 6
76. trans-[FeH[P(OPh),](depe),|BPh, 0.72 —0.70 6
77. trans-|FeH(MeCN)(depe),|BPh, 0.46 ~-0.44 6
78. trans- {{FeCl(depe),|.(suec)} (BPh,), 1.17 +1.14 7
79. trans-|FeCI(NCPh)(depe),|BPh, 112 +1.02 7
80. trans-[Fe(NCMe),(depce),|(BPhy), 0.93 +0.8% 7
81. trans-[FeCI(NO)(depe),|(BPh,), 2.15 +2.04 7

Abbreviations: ArNC, p-methoxyphenylisoeyanide; EINC. ethylisocvanide; but, N-butylaminc; dmpe. 1,2-bis(di-
methylphosphino)ethane; depe, 1.2-bis(diethylphosphino)ethane; dppe. 1.2-bis(diphenylphosphino)ethane; depb,
o-phenylenebisdicthylphosphine: py. pyridine; Im, imidazole: Ph. phenyl; Me. methyl: Et. ethyl; niox, 1,2-cyclohexane-

dione dioxime.

* Calculated value differs from observed value by over 0.2 mm s7".
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best to use the regular tetrahedral model. Since La
Rossa and Brown'® 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
pgs values, and “absolute’ pgs values must be derived.
One possible way of deriving these “absolute” values
is to apply the equations defining Q.S. and n (from
Vyx» Vyy and Vzz) to a molecule where the Q.S.
(and its sign) and 7 have been measured (and 57 %0).

The only appropriate compound so far reported®” is
CL,Sn[Fe(CO),cpl,, which has the parameters Q.S.
= +2.35mm s7', and 5 = 0.65. Considering the axis
system shown below Table IV, Vy;, V;; and V, are the
principal efg axes Vyx, Vyy and V7 — but not neces-
sarily in that order. From the reported crystallographic
study?! of this compound, a = 128.6 and § = 94.1; so
that the efg components are given by

—eQV,, = —0.8716{Fe} + 0.7855{Cl} (1a)
—eQV;; = —2.0000{Fe} + 1.2154{C1} (1b)
—eQV,, = + 2.8716{Fe} — 2.0000{Cl} (1c)

where {Fe(CO),cp) is abbreviated as {Fe}.
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TABLE IV. Calculated Absolute pgs Values for Cl and Fe
(CO),cp (method 1).

Assignment {Cl} {Fe(CO),cp} OS (ClLSnFe
(mm s7") (mm s~ (CO)4cp)
(calculated)
(mm s

. i =x

i=y +6.70 +3.90 ~2.05

k =z
2000 =y

i =x —1.86 -2.06 +2.53

k =2z
3.1 =x

i =z +11.0 +7.79 —6.14

k =y
4 i =y

] =z +5.05 +4.17 —4.01

k = x
50010 =¢

i =x —11.8 —~8.07 +6.02

k =y
6. 1 =2

=y ~9.16 -5.73 +3.60

kK = x

;
Fe Fe
(04
G
k
B
Cl

Clearly. there are six ways in which axes i, . k can
be assigned to X, Y. Z: but there seems to be no simple
way in which they can be identified. Thus, the above
cquations (la—c) were solved against 5 = (Vxx—
Vyy}/V;, for {Fe} and {Cl} for each possible assign-
ment, and the results are shown in Table IV. The most
straightforward test of these derived absolute pgs va-
lues is to usc them. together with the measured®?
crystalfographic angles. to calculate the Q.S. for Cly
SnFe(CO),ep. Vy,, is unambiguously defined for this
molecule and 7 is known to be zero?®**,

The |Q.S.| of Cl;SnFe(CO),ep is 1.83 (Table 1)
and its sign is positive®®*. Thus solutions 1, 3 and 4
in Table IV do not predict the correct sign. and can
be neglected. Of the other solutions. solution 2 shows
the best agreement; but this is not as good as the
+2. 16 mm s predicted using regular tetrahedral
angles.

A possible problem with the above analysis is the
fact that the uncertainty in the # value measured for
CLSn[Fe(CO),ep), is relatively large (0.03)%°. Conse-

G. M. Bancroft and K. D. Butler

quently, an alternative (and possibly more accurate)
approach is to solve tor {Cl} and {Fe(CO),cp} using
the Vg, expressions for Cl,Sn[Fe(CO),cp], and Cly
SnFe(CO),cp. For the latter compound.

—eQV,, = 0.8589{CI} — 2.0000{Fc} )

and V;, for the former compound is defined by one
of equations Ta—c. Consequently. there arc threc pos-
sible solutions as. once again, it is possible that Vy,
Vi or Vi for CLSn[Fe(CO),ep]; could be assigned
to V,z. However. of the three possible solutions. only
the one for Vi = V,; correctly reproduces the cor-
rect Q.S. and 5 for CLLSn{Fe(CO),cpl,.

The {Cl} and {Fe(CO),cp) thus derived were used
to also derive {Ph}, {Mn(CO)s} and {Co(CO),} from
the compounds listed in Table V. once again applying
crvstallographically determined bond angles®*-2%-2%, It
can be seen that these pgs values are not greatly differ-
ent from those calculated using regular tetrahedral
angles (Table 1), and the order of the ligand pgs va-
lues is similar (except for Mn(CO)s; and Co(CO),
whose pgs values are now nearly equal).

The number of compounds to which these pgs va-
lues can be applied is limited by the number whose
structural paramecters have been measured. These
compounds, together with the predicted and observed
Q.S. and 5 values, are listed in Table VI. It can be seen
that in every case the regular geometry calculations
give better agreement between predicted and observed
Q.S., than the calculations using crystallographic bond
angles. Thus. 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 observed Q.S. is not
improved by using the “absolute™ valucs. Second. the
usc of the treatment is severely limited to the small
number of compounds 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
calculations probably has less chemical significance. We
conclude that the semiquantitative agreement (in the
Maossbauer sense) provided by the regular geometry
pgs values may well be as good as is possible for these
Sn'" and Fe" compounds using such an oversimplified

TABLE V. Calculated Absolute Ligand pqs Values for Four
Co-ordinate Tin {method 2).

L pas (mms™') Derived from (QS: mm s7')

Fe(COYcp  —1.15 CLSn[Fe(COYyeplan(n = 2.3)

Cl -0.556

Ph ~1.66 Ph,SnFe(CO),cp
Mn(CO)s —0.996 CISn[Mn(CO)s];
Co(CO), -1.02 CISn[Co(CO),4],
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TABLE VI. Calculated and Observed QS Values for some Four Co-ordinate Tin Compounds Using Crystallographic-

ally Measured Bond Angles.

Compound QS (mms™)
Observed Calculated from Calculated assuming
crystallographic data regular tetrahedral geom-
etry
Ph;SnCl -2.54 -2.68 -2.52
(n ~0.0) (n = 0.00) (7 = 0.00)
Ph;SnMn(CO)s .41 —0.76 -0.58%
(n = 0.00) (n = 0.00)
PhCl,SnFe(CO),cp 2.84 -3.10 +2.72
(n = 0.30) (n = 0.98)
Ph,Sn[Mn(CO),|[Co(CO),] 1.15 +1.30 -1.06
(n = 0.95) (n = 0.72)

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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