2490 RoBerT WEST AND EUGENE G. Rociow Vol. 74
[CONTRIBUTION FROM THE MALLINCKRODT LABORATORY, HARVARD UNIVERSITY]
A System of Bond Refractions for Tin Compounds
By RosBerT WEST AND EUGENE G. RocHow

By analysis of the refraction data for ninety-three liquid tin compounds, a system of bond refractions for tin has been
devised. Using the organic bond refractions established by Denbigh, this system makes possible a more accurate calculation

of molecular refraction for organotin compounds.

The system of bond refractions for organosilicon
compounds, proposed by Sauer! in 1946 and imi-
proved by Warrick,? has become generally accepted
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. - VR, Temp., MR, lin;or, Refer-
as a useful tool for studying the structure and iden- found  °C. caled. %  ences
tity of these compounds. This paper is an exten- Sectiott A, Tin Tetraalkyls
sion of this method of calculating molecular refrac-  (crisn 36.43 25 36.64 -+0.6 °
tion to organotin compounds. (ClTyaSn(n-Cills) 50.76 20 50,53 — .5 Z

The bond refractions given below for tin com- (CHosfn(i-Cily %72 21,5 50.68 - .1 -
bta d h th fVV’ . k f( (ClHysSnii-Csln) 55.53 21 55.31 — .4
pounds were obtained, as were those of Warrick for  cpy.sni-Cilto)e 64.85 20.1 6472 - .2 °©
similar silicon compounds, by making use of the (crunsnicin), 48,30 23.1 4830 — .2 *
system of bond refractions devised by Denbigh.? CHaniCili, 50.27 20 50.53 + .5 Z
Criteria established for compounds from the lit- é?::‘(;"é‘l}{“” 7)%3; fg ;22‘ s ; i
B .o . v, EN -Cslas 22, .65 .
erature used in obfcammg bond yefractxvxtxes WeIe (s 5404 25 5516 — 4
that the refractive index and density had been meas-  (C.itssn(e Citin) 50.77 20,6 59.79 o
ured at the same temperature, between 12 and (C:HoSnii-Gilly 5908 12 50.94 — .1 ¢
5 Snig- Te3 IS Sd — -
35°; that the structure of the compound was es- (Glastnii-Cillo ot.77 - 20.3  64.57 S
’ (C2Hg)aSnin-Csliy) el 20 69.05 — .2
tablished beyond reasonable doubt, and that there (c,ug,snri-conn 636 201 69.20 — .2 °
was no evidence of impurity. (CallgaSn (5-CsHg oy 7410 204 7400 — 1 °©
The Lorentz-Lorenz equation, (CsHeg)28n (CHa)s 57.87 109  57.66 — .3 M
(CaHe)2Sn(i-Celli iz 83.42 11,0 83.24 — .2 °
-1 M CaHeSn(n-Csliy 69.82 218 69.05 — .4 °©
w2 d CrHgSnon-Cilfaj; 83.05 20 82.94 - .1 ¢
o . ) e CoHesnii-Cillnyy 83.15 21.0 83.09 — .1 ¢
was used to obtain the observgd values for molc}cu- Cobsnin-Cylloii CeHn)y  87.57 219 S7.87 4 .3 °©
lar refraction. By subtracting the appropriate (,.citen 73.00 202  73.68 -- 4 °©
amounts obtained from Denbigh's list,* the refrac-  (u-CslmsSnin-Cille) 78.55 20 78.31 — .3 b
. . . LY T I — c
tivity due to the bonds to tin remained. Evalua- (#-Cdtni Gl 8.86  24.1  78.46 4
. : {(n-CaH1)Sn-Csl F1r)s 101.56 20 101.46 - .1
tion of the Sn-C bond refraction, from the many (- Cal Is 145 o2 11 20 02,20 4 .1 4
tin tetraalkyls, allowed values for the other tin (icirousn N2.60 23.0 92.80 4+ .2 °
bonds to be established from other organotin com-  (s-Cilfonsni Clln) 47.07 20 96.08 — .1
pounds. The arithmetic mean for the bonds in all ~ {#CdloatmrCidly) ur.6L 268 07.43 - .2
. . . i (» Cilla)iSnin-Csly) 102,73 17 101.46 —1.2 ¢
compouuds meeting the above criteria was used to (o-Cal Ty st 0.6t 90 107 401 d
cvaluate the refraction of the tin bonds. (i-CsITn)aSn 11182 19.6 1132 ...
. (¢ 1-Celdnjesn 110.66 20 110,72 4+0.1 ¢
Tasik [ (1-Csl )5S0 Cilliw) 119.88 20 120.43 + .4 ¢
TiN BoND REFRACTIONS (n-CalTig)sSn 128.83 20 120.43 4 .3 4
No. (»-CrlhaySn 117.48 20 147.76 4+ .2 %
Relractinn, componmis Htal}rlqrrl (n-Cstlijisn 1G5.75 20 166:28 + .3 K
Band ml. nsed deviation (Cotle)sSniCHa)sSm Calleds 113,00 20 112,82 — .2 %
Sn—C (primary) 4.00 19 0.063 (Calnatm ClinnsniCellss 136,20 2007 13598 — .2
" 40 2 7 . -
Sn-C (secondary) f"f“‘ ]_“‘ '1%’ B. Tin-Chlorine Compounds
Sn-C (aryl) o ‘f4 o ',2:’ SnCly 3522 950 3524 ... ¢
Sn-Cl 8.8l 0 2R (Callg8nCl 50.14 23.3  50.20 4+0.1 °
Sn-Br 12.02 14 Lot (CaHs)2(n-Catlr)$nCl 54.77 147 4.8 4+ .1 ¢
Sti-1 17.05 iH 44 (Calls)e(r-CeliySuCl G304 190 64.22 4+ 4 "
. . . . (n-Callz)a8nCI" 5175 28.0 64.07 1.0 "
S—5u lf_?"')_(’ 3 M (5-Cille)sSnCl” 7841 24 796 —0.G
Sn-0 3.84 4 .80 (i-Calla)&nCl TR.07 248 7841 — .7 ©
. . . (¢-CsHniss5nCl 2. 54 34.2 92,30 - .3 °
All of the values given it Table 1 must be re- (cis-CI‘CII-;Cl{nSuL‘I" N o0 §3.00 413 *
garded as tentative and subject to iniprovenient 4s  (cis-CICH=CH)»SnCl” . 20 33.04 ..., /[c
new data appear in the literature. However, the (rans-CICII=CIH5nCh?®  43.61 20 4450 +2.2
bond refractions based on data from only three or C. Tin-Bromine Compounds
four compounds are particularly doubtful. The g5, 4873 35.0  48.08 —1.3 ¢
standard deviation, s, gives some measure of the (c)8nn: 53.22 20 53.39 +0.3 °
statistical reliability of the bond refraction value (Cilloa(n-CiHnSnbr 57.46 21 38.02 4+1.0 °
MDOM ich it was calcu- (C:Hi9a(i-CiHoSnBr 62.74 20.4 62.80 +0.1
Ia;?g(?g the compounds from which was (C:Ho)e/n-CiHi)SnBr 68.12 22.3 67.28 —1.2 P
. i Cals)a74-CeHn) $nBr 66.61 17.0  67.43 +1.2 °©
1y RO, Saiter, Tims Jorrxar, 68, 0134 (10.415), {Cullejei B Cla) ) SnBr T5.50 20.3 74.06 —0.6 %
P2y 1L T, Warrick, (Ard, 68, 2405 (it FCTLs(-Calla)atin I3y 24l b 72.21 — .3 7
Cib L0, Drenbigh, Eiaws, arodey Suc 36, 05 NG SCallr (- CeF LS r 8OO J0.0 8.47 +41.1 °
t4) Reprintal in Warrick’s paper, referenee 2, (1-Csllajasn lir 68,33 25.2 67.28 —-1.6 °
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MR, Temp., MR, Error, Refer-
found °C. caled. 9, ences
(n-C4Hs)sSnBr 81.41 20 81.37 ... ¢
(4-CaHp)sSnBr 81.09 20 81.62 +0.6 °
{(1n-CsHn)sSnBr 04.99 20 95.07 +0.1 ¢
(5-CsH11)sSnBr 95.72 20.7 95.51 -0.2 °¢
D. Tin-lodine Compounds
(CHg)sSnls” 53.88 39.3  54.02 +0.3 °
(CHas)sSnl 45.11 28 45.43 + .8 ¢
(CHi)2(n-C4Hs)Snl 59.31 20 59.32 ... ¢t
(CHa)2(i-C4Hs) Snl 59.33 20 59.46 +0.2
(CHi)2(n-CyH1)Snl 63.69 18 63.95 + .4 *t
(CHy)(4-CsB11)Snl 64.01 21 64.10 + .1 b
(CaHy)sSnl 59.37 17.5 59.32 - ,1 ¢
(CaH)2(5-CiHr)Snl 63.09 20 63.95 +1.3 °
(CaHg)2(n-C4Ho)Snl 69.31 20 68.58 —1,0 °?
(#-CsHz)sSnl 73.32 30.4 73.21 -0.1 °
(#-CaHr)a(n-CaHs)Snl 77.13 20 77.84 4 .9 b
(i-C4Hs)aSnl 88.47 22,2 87.55 - .9 °
(n-C4Hs)a(s-CsI11;)Snl 92.36 20 91,8 — .5 b
(n-C4Ho)a(#-CsHus)Snl 97.14 18 96.36 — .8 ¢
(4-CsHu1)aSnl 100.92 26.5 101.44 4 .5 °©
(n CsHi)sSnI? 134.32 20 142.67 +6.2 ¢
E. Distannanes
[(C:Hs)sSn]z 93.28 17.8 93.70 40.4 ™
[(CeHg)an-CsHrSn )2 102.56 15.3 102.96 +0.4 ™
[(CsHa)gi-CaHoSn |z 118.17 19.8 112,60 —4.7 ™
[(n-CsHn)iSn ] 122.36 19.5 121.56 —0.7 ™
[(i-C4B)sSn Jo? 150.91 59 150.16 —0.5 ™

F. Aryltin compounds

(CsHa)sSn (0-HOCsHy) 71.10 25 71.20 —0.6 *
CsHsSnCl 64.28 23 64.43 + .2 °
CsH,SnBry 55.15 23 54.80 + .3 °
G. Tin-oxygen compounds
(CzHY)1Sn0CzH; 56.02 23.3 56.42 +0.7 °
(n-C4Hs)sSnOH 75.25 25 74,72 ~ .7
(#-C4H)2Sn(OOCCH,)2 76.50 25 76.26 — .3
(7-CsHs)sSn(OOCCuHu):  168.29 25 168.76 + .3 ¢
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? Compounds not used in calculation of bond refraction.

The tin bond refractions established in this study
permitted the calculation of molecular refractions
with an average error of only 0.55% for the 93 liquid
tin compounds whose properties were found in the
literature. Using either the Sauer or Warrick
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method for calculating bond refractions of organosil-
icon compounds, the average error among fifty-eight
representative silicon compounds chosen by Sauer
was about 0.8%.

In 1935 Jones, Evans, Gulwell and Griffiths?
compiled values for the molecular refraction of sev-
enteen tin tetraalkyls and five organotin bromides.
By subtracting from these the values for the atomic
refractions of carbon, hydrogen 'and bromine ac-
cording to Eisenlohr’s tables,® and taking the arith-
metic mean of the remainders, they obtained a
value of 13.87 ml. for the atomic refraction of tin
attached to primary alkyl groups. Although the
method of atomic refractions gives accurate values
for the molecular refraction of most tin tetraalkyls,
it is more noticeably in error for other classes of
compounds. The average error for the 93 com-
pounds used in this study was greater than 19, no
matter what value was chosen for the atomic refrac-
tion of tin.

The errors are much smaller for tetraalkyls than
for other organotin compounds, as might be ex-
pected since the tetraalkyls are stable and more
easily obtainable pure, The higher value for Sn—C
(secondary) was obtained by comparing the molec-
ular refractions of twelve pairs of compounds of
identical structure save for the isomerization of one
or more groups from a primary to a secondary
group (i.e., triethyl n-propyltin, MR 59.79 ml. and
triethyl <-propyltin, MR 59.98 ml.). A similar
exaltation among secondary alkyl derivatives of
mercury and lead was noted by Jones, Evans, Gul-
well and Griffiths.® It is to be expected that ter-
tiary alkyl tin compounds might have a still higher
refractivity for the tin—carbon bond.

The use of bond refractivities for organosilicon
and organotin compounds leads to speculation
about the applicability of bond refraction methods
in the study of the other fourth group, organometal-
lic compounds. Bond refractivities would appear
to have little advantage over atomic refractivities’
for lead compounds, since the tetraalkyls, and a
few mixed aryl-alkyls, are the only organolead com-
pounds which are liquids at room temperature.
Insufficient data have been recorded for a system of
bond refractions for germanium compounds; but
the information which is available® indicates that
for germanium, as for silicon and tin, no single value
for atomic refraction will be accurate for all types
of compounds.
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