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_ ABSTRAGT .

- 1

4 . }
1195 MBssbauer spectra of six c00rdinate,Dr§anotin(IV)

acetylacetonates, RZSn(LQ)Z; or RSnC1(L2)2, (R = Me, Ph, L2 =R =

diketonate, -or substitutes 8 d1kétonates) have been measured :

dl.o""'“' N

The quaJrupo]e splittings (QS) are used to .assign structures of
these compound§ For dimethyl compounds, Mdssbauer and nmr evidence
1nd1cates that tthere is appreciable Sn 5S character along the Sn C .

bond.

. ) ‘ _ \ i
The compuunds, MSnCl(uz)z, of MSnC1, L7, (M = Mn(CO)5

Mn(C0) ,PhoP, Fe(CO), cB, Mo(COJy cps L, = acetylacetonate, 8-hydroxy-
qu1n011nate; L'2 = 2,2' bipyridine, 1,10-pHenanthroline) have béen

- - | J - -

prepared., Mossbauer and Infrared studies indicate that 'the tin atom

is six coordinate. Octahedral partial quadrupole sdT}ttings (pgs) are

ca]cu]ated“for the‘meta] groups. Correlation of octahedral pgs with
tetrahedr;1 pgs reveals that the ratio for {pqs}OCt/{pqs}tet is 0.75 + 0.05,
slightly greater fhan the theoretically expested 0.67.

Five coordiﬁﬁté organotin-acetylacetonates, R3SnL2, RZSnC1L2
(R = Me, Ph, L2 = anions of acetylacétone, benzoylacetone, and dibenzol-
methane) have been prepared for the firstxyime. -ngprupa1e Splittings
are used to distinguish poss1ble jsomers. An X-ray single crystal deter-
m1nat1on of Ph3SnBsz confirms the c1s -R SnL structure whi1e,quadruuo1e
sp11tt1ngs indicate that the Me,SnL, compounds have the mer structure.

&
A regression method is used to distinguish structural isomers of

¥

iv
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_compounds : , |

- - . . !
five coardinate organotin (IV) compounds~fy their quadrupole splittings.

By Use of the new and literature data, partial quadrupole splittings

. - .
are cailculated for many%gands in trigonal-bipyramidal structures.

Comparison of theory with experiment jndicates that the additive model
gives a consjitent account of the relationship between quadrupole *
splittings and stereochemi;try in trigonal-bipyrimidal orgénotin (1v)
compounds. The *!'°Sn partial quadrupole splitting parameters are

-

used to derive parfia] quadrupole splitting parameters for '2!Sb (V)

Line broadéhing effects in Mdssbauer épectﬁa of ferric
acetylacetongtés (Fe(AcAc)a) diluted in alumi or gallium acetyl-
acetonates (5L(AcAc)é, Ga(AcAc)3) are studied. .Thp broadenings observed’
are.tegperature and gohcentratjon dependen?.- The line br?adenizg‘is
therefore attributed to electron spin relaxation. At low temperature
(4.2° X) and Tow concentration (1%), the resolved paramagnetic hyperfiné
structure is 6Qserved. .

. °%Co y radiation has been used fdr-the irradiation of\ihe
?11uted ferri; écety1acétonate,syspems. Mbssbauer linewidth narrowing
is qbserved fé}‘mosi of the sampies'after jrradiation. At ‘low FeAcAc3
concentrations, Fe (II) high spin species.is detected. The presence 0%
Fe (1I) hiéhifpin speéies indicates.an effective'radio1yt1c mechanism. .

Room'temperature spectra have beenvobserved for bis (1-3- .
propanedionato) dimethyltin (IV). From the Goldanskii - Khryaéin asymmetrx

in the room-temperaturé spectrum of trans MeZSn(AcAc)z, the calculated

difference in mean square amplitudes parallel and perpendicu]af to

4
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- . ‘. .

Me-Sn-Me axis is ﬁ?foﬁd agreement with she Crystallographic value.

. ~

F'1'na11_y, the '1°Sn Mdssbauer quadrupole sp'l'ittings of |

distorted Me?Sn(IV') structures are also discusseci. .
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A

" The Mossbauer Effect

=

o ‘ . CHAPTER 1

\{. Introduction to ChemicqlvAppjication ‘ o

o b
o

. of Mﬁsébauer Spectroscopy :
' y

A/

* The ‘recoilfree nuclear gamma resonapce (Méssbauer effect) was

;d1scovered by R. L. Mossbauer in ‘[957'l

2,3

. ahd received extensive attent1on

after it was shown

*’

in 1959-1960 that ?iFe exhibited this effect,
. - / A
and that hyperfine interaction in compounds can be detected. The

-Mossbauer efféqt_hés now become an established technique, Mdssbauer

1

4,5 ~ , : : 5

§pectroscopy Although over 40 nuclei ekhibit this effect™, only

two isotopes, '1°Sn, and *’Fe, are widely studied; since spectra are
i L ) 4,6,7

most easily obtaiped for these isotopes "’ RO
The cha‘racteristicsa’s’7 of Mgssbauer sbectnoscopy are
1. ‘that transitibnsﬂare between nucleadr levels w{éh h{gh energy -
. separation. (10% ~ 105 ev). %

2. ) £hat the y radiation is produceg by é radiogctive source, and
the energj of -the y rays are.mo&uﬂated by the Doppler effect.
3. that,fﬁﬁ Y rad1at1on is highly monochromatwc (10719 107¢ ey 1n w1dth)t
4. that it is a solid state phenomenon In genera] both the source
and the absorber must be in e1ther a solig or frozen solution.
5.™ that-the qua]izy of the spectrUm‘is gréatly‘improved by cooling

the source‘and the absorber to aslow temperature and
4 : ' '. ~



6. that .the Méssbauer absorption can be doﬁinent even when the -

\ a 3
resogant nucleus is a minor constituent of the absorber.

- - ) / w’ H/‘.'
B. '~ Parameters

,‘ The Ham%]tonfén of interaction between the nucleus and the
surrounding electrons in diamagnetic systems (11°S
low-spin etc.) gives rise fo the two‘novmaaﬂy observ% P
‘a Mossbauer spedirum‘-~the Centre Shiff‘(CS} and the Quadrypale
Sp]intiﬁiv (QS)'.' The,Céntne'Shi%ﬁ'ﬁeaSUres thé var{ét{oﬁg in ihe
coulombic interaction between the nueleus ana the electronic environ-
- mant in:different compounds of.the_same-eIghen% relative_to a standard - ~
,source. The aom%nantftéfm in ppé centre safft is giQen by’ .
e T e .
. cs-=igll.'ze2R2 (R) {lw(0) |2 - |¢j’(’_0)$|‘%} | IR .
- - °  absorber source v .
- . : .
where . Z =.nuclear charge . = ’
| é:=,brotohic charge ”. ) L
. ' S ﬁﬁf'% (Rex + Rgr); averége‘Fad{us of:thé excited and
. the ground state - - “ o -
"R = Rex - Rgr o ’
|w(0)s|2 = s electron densiti atzthé nucleus ‘ | . P

-

For '!'%Sn, since 6R/R is positive, the cs fnhrea;égras 1$(0)g|? increases.
The cs is also sensitive to p and d electrons which can have a shielding

v -

effect on the s electrons and therefgre effecthlw(o)slz. " A minor term,

4 . . »
*




p ) : 3
usually referred tb as a §qcond order Dbppler shift due to thermal
motion of the nucleus, sometimes agc&ﬁqts for a s?a11 contribution to
centre sﬁift. However, this term ;; usually very small and caﬁ be
neglected in the*interpretation of spectra run at low temperature.

The second- term'in. the nuclear Hamiltonian is the result of
. the interaction of the nuc1ear.quadrupole moment, Q, with the electric
field gradient due to other'cﬁarg%f in the crystal. The d?viation of’//;Q
the nucleus frop sphérical symmetry gives rise to the nuclear quadrupole

* -

moment. Nuclei whose spin is 0 or %—have a zero quadrupole moment; thus
the grouﬁd state of !'%Sn and °7Fe, with I = %3 cannot«ddﬁibit quadrupofé
splitting. In 1195y and %7Fe spectra, the observed.quadrup§1e.sp1itting
js therefore due to the interaction of the first ;&cited state (I = 3/2)

nuclear quadrupole moment Q... with the e]ectric-fié1d gradient defined

¥ by a 3 x 3 tensor, EX\\\\\_ S

-vxx Vx@ sz_1
EFG = ?" Vyx‘ Vyy Vyz (1.2)
¥ _sz —xzy sz_,’
where V.. ?'Qi!n, V = electrostatic potenfia1, 1,0 = X,¥,2
1] 316J _

The components. of the electric field g?aﬁient, Vij for point charges e ,

a distance r; from the Mdssbauer atom in polar coordinates are shown in -
[

L Q
Table 1.1.

It is apparent that Vij is a sum ¢f independent contributions from
. - - [ R -
Zi. . This additivity is in fact the basis of the additive model for Mdssbduer
- . ‘ w
quadrupole splittihgs. It is usually possible to choose an appropriate

axes system (denotedyx, Y, Z; often the molecular axes) in which the EFG

-
»



Figure 1.1. . ' .
, {a). Nuclear energy levels, the isomer shift, and ' . ‘
. gr = 1/2, Iex = 3/2. |
(b). Resu1}ant Mossbauer spectrum. |

quadrupole splitting for I
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. Table 1.1

‘ - - -
ﬁi Components of Electric Field Gradient Tensor < b
- for a point charge\gf 1 nrotonic cHarge e

h g

LUhmponents Coordinates

-

‘ Vigx = er~3(3smm2 fcous?¢ — 1)
) ’ . Vyy =er-3(3ain? fsmn?e — 1)

Vez = er—3(3cos2 8 — 1)

Vxy = Vyx = er-3(3sin? §ain dcos ¢)

Ve = Vix = er~343sin A cos Gcoa )

Vyz = Viy = er-3(3 sin ficos fsin ¢)
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L3

ténsbr is diagonalised. The Laplace equation uires that the sum.

-~

of the second derivatives of the electrostatic potential vanishes:

»

Vg FVyy + V=0 e (1.3)

., “ T "\( , N :
Thus, there are two independent components. These are usually chosen

as sz’ often denoted eq,'and n, the asymmetry paraméter defined as

G, - V) R ’
" = - . _ “ ‘ (1.4)

) 22 - Pt \

where the components folTlow the convention that
Vool 2 [Vl 2 [V, | making 0 <n <1

The energy levels arising from the interaction of ruclear electric quadrupole -

momeqt with electric field gradient for Iex = 3/2, Igr = 1/2 is expressed as:

;§~/; ‘$

2 o
B amsety B - e 1 a2 sy .
. where eq = VZZ
I = nuclear spin -
. , ) ’ ” -
My=1,1-1, ... -I

. k4
For *'3Sn, transitions occlr between I = 372 and 1 = 1/2. nuclear levels.
Since the ,;selection rule-requires AMI = 0, + 1, the Mgssbaur spectrum will

cansist of 2 lines, arising from the foI1owing,tnansitions:

p= 12 -

C 1= 1/ M, = - 3%, M = + 372
-4 -
L=1/2, M =+1/2 > 1=3/2"M =+%1/2 ,

The t;ansition probabilities for these transitions are the same for pow;;;\

. b=

samples. The quadrupole splitting can be‘expressed as: v J
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A

I
N‘:L—'-l

2q0 (1 + n2/3)1/2 . (1.5)

A'typical Mossbauer spectrum is shown in Figure 1.1, along
Wwith correspond1nd\frans1t1ons " The s1gn of the quadrupole sp]1tt1ng 1n T
this case is pgsitive. However, 1t is usually 1mposs1b1e ‘to extract the -

» : L 4
sign of the qu&drupo]efsp11tt1ng from a two line spectrum. For 1195,

and\57Fe'(IIf, Tow span,compounds, the s1gn is usually obtained 1n the

]7'18.. However, the(%agnetrc perturbainn '

17

> presence. of a strong magnet1c field

method involves cons1derab1e experimental difficulties ', and has ndt been

routinely u;Ed It is important to rea11;e that giluabié chemical 1nformat1on
can be obta1td if the sign of q is known. Thus, if Q > 0 & in °7Fe case,

. Qs >0 imp]ie; q 3 0. [For 1% case, Q < 6 and hence QS > 0 imb]ies

q < 6 in tin compounds. .In a trans MA,B, compound, a negative g 1mp11es

® v
that e]ectron density is concentratédca]ong the A-M-A gx1s an&'ﬁ pos1t1ve

i P

s1gn 1mp11es the opposite.

' v . ‘
_Magnetic hyperfinq,interactioqs arise in the presefice of-a magnetic

fie]d'(exterqg1 or internal). In diamagnetic sys}emé, magnétic hyperfine -
interactidn can only occur in the presence of an ext¢rnal magnetic fiéid.
flowever, in paramagnetic or ferrémagngﬁil.systems this is not.necessarily )
the' case (the latter is ot important in this study and wiill not be d1scussed

further) Paramagnet1c hyperf1ne structures]9

can be obtained when _
electronic fluctuations are slow reTatixe to Mossbauer trans1t1ons time scale,

The spin relaXation can be seen readily if the effectﬁve field approximation

is assumed valid. A change “in electron spin orientation, for example, from

- ; ¥ ~
+ 5/2 to - 5/2 in the Fedt case, generates an inversion of t#e effective

-

magneiic'fie1d. If this process takes place at a time interval short
R b4

o . !\

+
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compared with the lifetime of. the nuc]ear exc1ted state the net N o

LS

magnetic field felt at the nuc1eus w111 average to zero. In this case?
no magnetic spectrum w111 result\n  If the magnetic f1e]d f]uctuates at 2

;
a very slow rate, the effective. magnetic f1e1d seen by the nucleus is

no longer zero, and the magnet1c spectrum,w111 appear as a-six line e

-t

pattern. Spectra for intermediafe rélakation times,:hOWeyee, are morg”

difficult to predict. Theoretical treatment caeseegfounﬂ in a papegtby~
Blume and Tjon. Qua1itétive1y) the-relaxation rate may be %ef1ecteq by =
the Tine width: as éﬁe relaxatPon rate is gradually decreased, the original

single line (or doub]ep) begin

b;oaden and splits into small broad
peaks at the wings. ‘Ihese eventually sharpen 1nte a-well resolved magnetic
spectrum, The/energy levels can be expresséd as:

N ‘ o
- EM == (UMI/I) Hhmf(t) . ; (17)

’
-t

= nuclear magnetic moment ¢

£ .

=

3]
o3

o

=

"

—
fl

nuclear spin
- .. - - &
o I, I-1, . . . -1

& [

Y=
1]

time dependent effect1ve magnet1c f1e1d felt by the
nuc]eus, vanishes when the relaxation rate is fast

&

compared to the Mbssbauer transitions. T

Home ()

P
I

Two mechanisms are responsible”for the rate of relaxation of the

paramagnetic systems (e.g. Fe3ﬁ3.~=The spin-spin interaction wjth neighbouring
-~ . , . ..
- ions, always leads to a short relaxation time. 1In genera], magnetic

L4

structures are not obtyined unTess the paramagnetic species is diluted

"in a d1amagnet1c matr1x9 Thus sp:ﬁ spin re]axatnon does not depend on

(temperature but depends on iron- 1ron distances.- Another process-"is  the
i 4 ‘ ’ :

e .
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spin-]attice interaction where energy is transferned from the spin
system to phonon mode of the lattice through spin orbit coupling.

This'is a temperature dependent process since it involves lattice

‘vioration. In high-spﬁn Fe(III) ion , which Has zero orbital angu]ar

momentum, spin-lattice relaxation is s]ow, and the re1axat1on rate is
usually determined by the sp1n-sp1n relaxation. ‘Spectra of ferric

acetylacetonatés due to spio relaxation will be d1scussed.1n.g_gpier 6.

“

. — -

The Add1t1ve Modelvfor 119gp andrupole Splittings

_The 1ntefpretat1on of Mbssbauer quadrupo]e sp]1tt1ngs in

. organotm (IV) compounds hasbeen greatly fac111tated by the apphcatwn

of add1t1ve treatmentTO 1 in which the Q $ of a compound is expressed i

as a “sum of 1ndependent contributions from each ]1gand about the nucleus .
) v

For the calculation of '!°Sn quadrupo]e sp11tt1ngs, two formu]at1ons, the

11

point charge model ', and the moTecuﬂar orb1ta1 model]2 have been used

These models rest on the assumption that' the electric field gradient V

at" the nucleus must be additive.> Thus forre compozod MABC . . -
Q TV VB V@ D .8 -

A Y h

Although these models can be equally used in practice, thé more sophisticated )

molecular orbital approach.which will ba discussed in most part of thfs

’

thesis is herein summarized.

“In the simpTified picture of this model]z, one considers a close-shell

- molecule in wh1ch the central atom M forms n ¢ bonds with n ligands ¢

(A B, C, . . . N). The n va]ence molecular orb1ta1s Vs (i =1,2, .. .n)
P R N
may be transformed 1nto a set of ortho normal 1oca11zed orb1ta1s

¢L (L = A, B, C, . . . N), Tocalized in the region of a particu]ar metal-

©



L
5

. . .
v Y .
¢ . - e > .
. -

g

. Tligand bond. This transformation should not change'the“metrix elements,
V1J’ of the electric field gradient tensor V at the nucleus. ?urther,

V. Amay be written as a sum of on e]ectron matrix e1ement

. 1J§ »
« \,;y.
where Vij =~ "5 GBx X - r2613) EFG operator
1 , . RL = Sternheimer factor for distorted inner orb1ta1 shell
’ } correct1ons .
. ;‘ vii(L)'= contribution of ligand L to Vij

° ~ A

~ 1t becomes- obvious that ¢L; and hence v1J(L) depends main1y

on the properties of that part1cu1ar M-L bond provided that ¢L is

. well-localized 1nto "the region close to the M-L bond axis. Thus,
those 1oca112ed orb1ta1s provide the natural framework for* d1scuss1on
of additivity. C]ark et a1]2 formu]ated the tensor v1j( ) in terms of A

*° the 10ca1 axes.With z directed along the M-L bond; in this form the tensor

-

is defined as partla] field grad1ent' (pfg) due to Lh o .

- The above model can be further s1m¢11f1ed hy assum1ng that the

—
~

— localiZed orbital can be written as a linear combination’of a metal hybrid

‘hrbita] h, (formed from}atbmic orbitals), and a ligand orbital x, . .

-

<U - T ‘ *
o = Cth + C2 L. - (1.10) )
The orbitals 41, K and L may an be taken as rea], so that C1 and C2

are also real. ‘The matrix eTement in Eq. -(1.9) may be wr1tten .

| ey L 2 L 20 1
‘(¢L|Vijl¢L) Cl(hLW:ij‘hL) j’ ZF'ICZ(hle'ileL) + Cz(Xlejjle)

-

-~ - (+.11)
As Vij'depends~on‘<r'3> the three terms on the right will fa11 of f
: roughly as 1: 10']:19'22 Although Sternhe1mer effects may-1ncrease




r X - ‘ ' _'10‘

. the third term‘(’attice cohtribution)-by one order of magnitude,

: the,contr1but1on of the ast two terms”are cons1dered neg]1g1b1e

re]atwe ‘to the ﬁrst term (va]ence contributwn) An this ,& .

using local axes system, Eq. (1 9) becomes o 9 . - o

\ ' VzZ(L) = (1 - R h |V ‘ c'] = 2[[—18 ,- (].]é) 4 ._‘.L

“ Z
where [L] (analogous to ;3—-of Tab]e 1.1) is the partial field grad1ent

j .
due to a cy11ndr1ca1 M-L bond. For practical reasons, another parameter,

- ) N
{L}, the1partia1‘quadrupo1e sp]itt1ng 1S'def1ned as -
{L}- eflq|irLl - bIxy | (1.13)
where b = 1 flo et (L19F and {L}tba
|

. 4 tbe
b 3 r {L}

X is a refereneelTigahd (eg. C1, Br) whose pfg is a1ways:chosen as
zero re1at1ve to that of‘btherﬂﬂigands}zg-§1nce_absbfute pqs cannot be
obtained. : c Ry '

Eq. (1.11), and (1. 12) 1mp1y that different hybrids are used
for d1fferent structures tetrahedra], octahedral, and trigonal- b1pyram1da]
Table (1;2) shows the appropriate hybrids, and the,correspond1ng [h]
expressions qerived by use of eq. (1. 2).'M cw "

-

Assuming that Sternhetmer éffects are constant, theoretical

~ <»:alcu1at1'ons]2 for valence orbitals of tin 1nd1cate that the ratio

<Y“-3>di <r-3>p and <r 3>Sd: <r 3>p are of order of magnitude 10” -2 and ]073t

-~

- respectively, Thus, the [L] values 'in Table (1.2) can be considered as

arising,from,p orbital imbalance and approximate to

€
1
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Table 1.2
* “Calculation of Partial Field Gradients in
a,b

Important Structural Types

a

.
{l o

Tetrahedral -

h‘tﬂ-*'.{\._?h v

[R]tet = — ‘1?<"’>p optet T oa
Octahedral

A | 1
MEERTVER TV
v2
3V'5

e

(Lgoet = (—Hrp = < -
TW-MMmidal »
Apical

1 1 1
. h,'b's'\/—écosea +7§pz+-‘7—§sm9du

V5

Equatorial s ’ 4

: 1
. [L]b* = (-{(r"’}, ~ }35in? B{r-354 — —=sin fcos 90"3),‘) ot

V3 2v'3

1 SR y
hytte = :/—éﬁm 9;...13;,, 4+ —=co8 8 das — t;os@dn.y-

-

I

. . 1 / )
(L]tve = (_ﬁ(r—a» + Frcos? Br—3>g — SvEees fsin 8(1").4) oy've ?

15 cos? 0(_("3>4 — 21V 5cos Bain B¢r—35,4 j

28¢r=3+, ~ 5o (73 - 7 v 5cos Gsin ﬁ(r")..n

potve = |

; * ] -

o tet = tetrahedral, oct = octahedral, tba = trigonal-bipyramidal-apical, the =

tngonal-blp_\:ramldal'-ébﬁlatorlal. ¥
b From Ref. 12" '~




I:L]tet’" _ 3

(1.14)

]
=
- A
A
]
w
A\
w
Q
_

[LJOCt = ‘f5> ooc? A ) ' ‘ (1.*5) .

!

1
A
-

[Ljtbe - . %.<r‘3> o . (1.16) .

tbe

tbe _ 3
[L] --.1-5-<r.>p L

(1.17)

superscript.

The empirical» parameter °L is proportional to‘2C]2, and

,shou]d be very similar for aTl the structures Thus the abave equations

(1. 14 - 1.17) lead to the following important consequences.

Ty

4 .
: 1. ‘The quadrupole splittings found for compounds restricted to
the same coordination number can be compared using Table (1.1) ’

(replacing %~3 by L], appropr1ate molecular coordinates, and eq. (1.6).
i
2. Different pqs values should be assigned to coordination numbers.

b3

3. Provided that oEEt ~ cicﬁ ~ ofba ~ the %s valid, as might

be expected; the ratio, EL]tit: [L]°¢E: [thba:_[L]tbe, should be
1:0.67: 0.67: 0.89. Most of thé‘work described in this thesis strongly
. supports the above conseQuence§ and hence §ubstantiafe§ the applicability of
: add1t1ve model in terms of Molecular orbital treatment. Details will be
discussed \n Chapter 3 and Chapter 5. . = -

For the mo1ecu]ar structures of Tow symhetry, it is very convenient.

13

to express QS in terms. of symmetr1zed parameters 502, 503 instead of

q, and n. o
. - . s
- The characteristics of the EFG gives

- 0. | (1.18) \

determinant
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which can be written as: - ‘ f Lt
3 » - o &
AT+ Sgoh = 553 =0 . - ,§1,19) ‘

where the coefficient of the A2 vanishes is a direct consequence of the

| Laplace equation. In an arbitrary cartesian_coorﬁ}ﬂéte, the values of,

S 2, 503, ar'e]4 (?h\\

» .
~sooo= Vi Mol e Va2 c\’23 + V33 V3 (1.20)
21 ‘22 32 "33 13, N
= - 3 %21 + 1 0d) o ’
. 70 Y Ve Vg B
: Sou= 1V Vo, Vool = - edd(l - nd) (1.21)
ooov03T a1 Yo Ya3l T 7@ " S
S A L PR < L

Thus the quadrupolt sp]itting for 119Sn(IV) or S7Fe(I1). low spin compounds -~

L% Qs = ‘ e qQ(1 t 3 2)”2 )
= sign {Sy,leq (- ;—502)1/2 : ; (1.22)  °

where sign {503} denotes the sign of 503 and Q is the scalar

quadrupole moment of the nucleus. Both (g, n), and (502,‘503) are used

for ca]eg]ationvof quadrupole sp]k:E:’gs in this study whenever abprbpria%e.

Distortions from ideal geametry are -usually ignored when the

additive model is app11ed to a real chemical system]z{' The present

uncertainty on the effect of d1stort1on is a]so discussed in th1s context.-
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o Mbssbauer Resonance Technigyes": g ‘
| Iﬂ'this thesis, all the spectra of. 11°Sn and *’Fe respnance
excepk three were_run by routine methods4 7515 most often used in | P

" Mossbauéy 1aborafbr1es. Two !1%Sn magnetic spect?a end'one S7Fe 1iquihd
he{ium temperature seectrum were run at PCUM, Harwell, England,and are
described in Chapter 5 and Chapter é respectively. A 10 mci radioactive
source of Ba112m5n03 and a 50 mei radioactive source of °7Co doped in

Copper matrix were used for 11°Sp and 57Fe spectra respectiVe1y The

source was driven by a e]ectromechan1ca1 V\erator (Aus€1n Science

-

Assoc1a§es, U.S.A.), wh1eh prov1ded the 11near ve]og1ty range of 1nterest

+ Smms” -1 -1

for the 11°Sn; & 4mms;1 for diamagnetic 57Fe; and + 12 mms
for the paramagneticQ57Fe speefra. Mirror imdge spectra were produced
since the vibrator was driven by a sawtooth wa&e form. ‘

A Perspex or Perspex—a1uminum holder confaining 70 to 100 mg
sotid sample (norma]iy pqwder)'wdg sealed and cooled to liquid nitrogen
temperature witg the holder-ir;:‘Copper block covered by a thim styrofoam
1id. With the Cu.plock immersed into a liquid N2 dewar, the temperature
at the sample was 110 + 5K. Room temperature seectfa were obtained by
similar set up except that an %mpty dewar wes used or By taping the
sample ho]der in- front of the counter. y-rays were‘selected ueing a
single channel analyzer, and detected by a proportional counter. Coun
from the detéqtqr were stored in a 5{2 channe] apa]yzer whose channels
were synchronized with the velocity scan so that the same velocity
increment was associated with each.chaﬁnel. Calibration ef the linearity
of the instrument was performed using accurate positions of_fhe four Iinee

» of a 37Fe spectruh obtained from a 99.99% natural iron foil—abserber

at roam temperature
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- wg :
An updated version g% a FORTRAN IV program written by ’
r
16

Dr. A. J. Stone ~, was used to compute all the spectra using digital

outputs obtained from the spectrometers. Lérentzian line shapes were
. . >

v ” ,
fitted to all the peaks encountered in the spectra since MOssbauer

absorption peaks are Lbrentziaﬁ}. The déconvolution of small but visibly

unresolsed splittings was achieved by the constraint functions in this

program. : '
A . . A
The quality of the spectra was judged by the statisjical x2.

x? values between 450-50q for ~500 degree§ of freedom were obtained for .
most spectra. With the exception of some room temperature spectra, ﬁhet
counts per cﬁénne1 were in a range of 400,000 - 1,000:000. Higher
counts/channel were always re&hired for room temperature or low 37Fe

concentration spectra. In some cases, °’Fe enriched samples were used

L4 .

to improve the qdé]ity of the‘spectra.r
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< R CHAPTER 2

]

Mossbauerx Studies of Six Coordinate
Organotin{IV) Acetylacetonates

4 .

A, Introduct1on

Before the work descr1bed in this chapter was started,

1,2,3M

c0nsid2rab1e effort ? had been expended in the study of the

steredbheMﬁstry of organotin acetylacetonates, both in solution

‘and in the soliﬁ state. However, there is still controvérsy over
: the strdctures of these compgunds; even though the X-ray study of
Me Sn(AcAc)g Eonfirms the traﬁgégfructuré proposed from Mgssbauer

‘ quadrzﬂfle splittings. For examp]e \ﬂEGrady and Tob1as2 assigned the-

4'§rgg§_structure ‘to PhZSn(AcAc)2 from nmr data whereas Mossbauer ,
quadrupole splitting strongly suggests the cis-configuration.- Also,
dipo]e moment measureménts4 in solution indicated that all the
dlorganotm(IV) acet_y]acetonates hav ‘the d1storted cis structure.
Moreover, RSnC1(AcAc)2 (R = Me Ph) compounds have been assigned the

cis anq,trans conf1gurat1ons by d1fferent research groups from nmr?

and_1nfntred3 evidence respectgve]y. However,-recent dtructural

) . o
7,8 show that C]ZSn(AcAc)2 has the cis- configuration

~ determinat{ons
in the solid state as well as in‘solution.

It %is commonly recogﬁqzad that in-the trans~R25n compounds



-

YOV 1;
whose stereochemi;try follows Bent's }ule és descm’bed2 previously s
most of -the S character is concentrated in the Sn-C bonds, and -~
the Sn-L bondgs iavo1ve only 5p characters? - However, Parish and
-Platt? have pointed out that in cis-R,Sn structures, the Sn5S character
~in the Sn-C bond should be considerably less than in the trans-
RZSn cases, and MUssbauerycentre shifts values supported this inter-
" pretation. . ™ o | .
In this work, the compounds, RZ_XC1xSnL2((x =0, 1, 2, Q\__.
R = Me, Ph, L = anion of acetylacetone(AcAc), benzoy1acetone(BzAc5,
. dibenzoy]methane(B;B;), trifluoroace trlacetone{TfAc), and hexa-
f]uoroacety1acetone£H%Ac))and 014SnHL have been prepared and studied
by use of Mosshauer spectroscopy with three objectives in mind; first,
L0 L;e Mbssbauer quadrupole splittings to aséign struc?uréé of these
‘ compounds; second, to use the variation in centre shifts (C S f,
quadrubo]e spiittings (Q S ;;Vénd nmr coup]ing constants (2J119$n—CH )
to examine the Sn-L and Sn-C bond characteristics® and finally, to ,3
study‘the variation of 's character in Sn-C bond§ and of the corresponging
éuadrupole sp)itgings in giéﬁPhZSnLZ structures in terms of the degree
of distortion. 1In addifion, the sign of the quédrupdleysp]ittings for
the dimethyl Fompounds have been determined by use of the observed

A .
Goldanskii - Karyagin asymmetry in the spectra and the recent X-ray data.

‘Results and Discussion
!

7
v

The '!2Sn Méssbauer parameéﬁrs for seventeen tin(IV)

s

BJdiketdnates are listed in Table. 2.1, along with previously reported

~

values (in brackets), and related phenyl tin oxinates (oxinate = anion of

\
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Table 2.1

~

-

R ; . *
MOssbauer Parameters for Sn(IV)acetylacetones

Compound csS
Me,Sn(AcAc), 1.16 (1.18)°
MeZSn(BzAc)2 1.06
MeZSn(Bsz)Z | 1.18
Mez'Sn(TfAc)2 . 1.32
Mezsn(HfAc)2 ‘ 1.43
Ph,Sn(AcAc), - 0.71 (0.74)°
PhZSn(BzAc)2 . O.?B
PhZSn(Bsz)2 0.73
~Ph25n(TfAc)2 0.89

- Ph,Sn(HfAC), 1.8 .

C1,Sn{AcAc), ) 0.15- (0.25)° -
C1,5n(BzAc), 0.08 '
C14Sn(HACAC) 0.41
G1,5n(HBzAc) (0.47)¢
[C]4SnAcAc][PyH] _ (5.47)¢
[C14SnACACl[Et3NH] 0.45
C]SnMe(AcAc)z. 0.61
C1SnPh(AcAc)2 0.64

. - C15nPh(BzBz) 0.63

Ph,Sn oxin,- (0.73)P

C15nPh 0x1"n2 (O.BZ)b

‘i’

+ +«+@ +

NN BB DX B
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,/"f o
@
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O O O O MM N M

¢

14
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1
1

(1

(1.

.473% |
.07 (2.14)2

.23
15
.53 -
1
.54
.54
.70
.65

0 .

0 “
78+

.77
.64
.65)P

48)P

*

In xnns;]

a. Reference 1

b Reference 10

at 110°K} Errors are i_O.dZ -

Linaéywidths are 1.10,+ 0.10 mns ™.

.

except where specified.

. C. Reference 30
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‘ 1
_Quadrupole splittings are likely to be positive since other gié;

12

'PhZSn compounds have positive signs The discrepaaby,‘both in

the magn1tude and in the. s1gns, however can be readily rat1ona11zed

12 13 .

o by use of a recent]y propqsed mode1 in wh1ch dwstort1on is

1nc1uded In cis- PhZSnL2 compounds, as‘the e]ectroegat1V1ty of L

bncreases, the s character tends to max1m1ze 4n the Sn C bond]4 o

hEnce the C- Sn~C angle tends to .open towards a trans structure where
maxfmum character in.the, C- Sn bond can b ach1eved Assum1ng
that’ {Ph} ms e$§ent1a13y~a Constant in an octahedra] coordination sphere,
- and {Ph} >>,{L/2} (this- id in fact the case) ‘the quadrupo1e splittiag
Qﬁve *will increase as L becomes more electranegative. “Th}&-rs cons1stent
| with X-ray data where no cis-R,5nl, structurexw1th a C-Sn-C ang]e
less than 100° has ever been discovered. It is yery'dikely that the.
LC—Sn:C ang]e'in Ph,SnL, is in the order: BzAc ~ AcAc ~ BzBz < TfAc <
< - hﬁAc.'- . : s .

“

. A

e The strUctﬁresof C1SnMe(AcAc02, C]SnPh(AcAc)z, and ‘
- T C1SnPh(Bsz)2 cannot be obta1ned from quadrupo]e splitt1ngs The predicted
| quadrupofe splittings for trans Me. and Ph.isomers are + 1.94, + 1. 78

I

-~ +1.86 mms -1 respectively, while the predicted sp11tt1ngs fpr gl§71somers

-1

.are + 2,03, + 1. 87 + 1. 89 mms respectively, compared to the observed

va]ues of 1.78, 1.77, and 1 64 mms ]. A]though the. observed values are'

closer to those predicted for the trans-isomers; the predicted quddrupole

"splittings for cis.and trans isomers are. too similar to assigh these N
¥ , . . .

structures |7, However, recent nmr studjes6 suggest that C]SnMe(AcAc)2 p

and c1Sni’h(AcAc)2 are the cis-isomer in sotution, and dipole moment data17‘
' ‘ & - ‘ S %,
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£

.- 8-hydr6%y1quino]ine) " The valuesfobtained in this=study are in . )

g , ‘1/”10, ‘l‘l The

good agreement w1th those found in"the literatuye
_{ _ nmr coupling constants and the 1néens1ty ratios .of,the Mossbauer
».doub1ets for dimethyl compounds are given in Tab1e 2 2. A typ1ca1
, spectrum with a small quadrupo1e sp11tt1ng in shown in F1gure 2. 1
‘.The large decrease in X‘ on going from-a one peak to a two peak
fit for C1,Sn(KcAc),, C1,5n(BzAc),, C1,Sn(HAcAC), and£1,Sn(HBzAc)
strongly supports the presence of a sn&11 quadrupole sprtting fon )
theSe'c;npounds For example, x?.decreased frdm 655 to 547 for a
.one and two peak fit respect1Ve1y with ~500 degrees 6¢ freedom -

to Cl Sn(AcAc) ~The error in these small quadrupole. sp]1tt1ngs
2"

is, of- courses much 1arger than that for the reso1ved sp]1tt1ngs //,\\\\\

-

1. Structure and Quadrupo]e Splittings ’ o w.

B

From Table 2.1, it is 1mmed1ate1y apparent that the d1methyT ; :

, _ compounds can be ass1gned the trans- sinucture whereas the dipheny]l

.

compounds can be aSSJgned the,glg;structure; since they have%quodrupole
10 -1t "

*

sp]ittings 1n the range of. 4 mm s and“gmh s'] reSpoctive1j£

///Iheﬁsimi1arfty of quadrupole splittings for C]ZSn(AcA§)é-and 014Sn(HA;A24~
’ : ”» M - Ve

which must bé cis is entirely consistent with the cis structure assigned

C LI

to c1 Sn(AcAc)2 ) B . e

However, it 1s apparent that the quadrupo]e splittings for

{
}

the ci —'PhZSnL2 isomérs are substantially larger than that expected“' -

on the basis of the ajd1t1ve mode1]0 whene regular geometry is assumed.

Thus, if we use the previously der1ved partial quadrupole sp11tt1ngs]]

e




k]
(pgs), - 1.03 mms

) 'panameters j.

-1 1

- . oy . )
and = 0. 95 mms ', for Me and Ph respectively,

we can der1ve pqs va]ues for AgAc/2 'BzBz/2, -and HfAc/% of
-1

~

, respect1ve1y, from the trans- s

-

- 0%i3, - 0.01 ane +- 0.09.mms

Me,S ebmpounds. The EFG, end Qs expressions]0 used for these

‘calculations are given by: . : ) S

V,, = (4[R] - 4[L/2]e ﬂ C(2.1)
Vy = {2£L/e1 - 2[R13e S “(2:2) |

WV, = {2[1/2] - 2[R]e, CL(2.3) o
n=0 . o o M2.9) o
1 201 20 car T

QS = 5 e“qQ = 2 QU4[R] -.4[L/2]} N (g.s)

“

- where ?e [QI[R] = {R\}\- - \O/nvns is the prevmus]y
d pgs value for Me. Thus, taklhg\ﬁnto'account that Q for-.

nis negat1ve, eq..(2.5)~can be expressed tp terms e%—bqs'

i

: .

45%} -4 {L/Z} . (2.6)

Foere Sn(AcAc) :L, eq.~(2f6) becomes

2/ QS =+ 4.02 mms

2’

e

A ) ./'u‘_}
- 4.02 = - 4.12 - 4 {AcAc/2} and {AcAc/2} = - 0.03 (mms ')

Us1ng these va]ues, we can predict the quadrupo]e(sp11tt1hgs for

cis- PhZSn(AcAc)

- 1.88, and - 2.08 mmg ], Compared to the observed quadrupole splittings

03 c1s PhZSn B?Bz , and cis-Ph Sn(HfAc)z of - 1.84,

' of'2 07, 2.15 and 2.71 mms'], respectively It is obvious. that the

L]

deviation between observed and predicted quadrupole sp]1tt1ngs increases

w1th the increase in -the e1ectronegat1v1ty of L The signs of these

¥ .
4 . -
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“quadrupole sp11tt1ngs are likely to be positive sincé other gié;
‘thsn compounds have pos1t1ve s1gns12 The discrepaaby,'both in

the magn1tude and in the. s1gns, however can be readily rat1ona11zed

112 13 - »

o by use of a recent]y proposed mode in wh1ch d1stort1on is

included. In cis- PhZSnL2 compounds, as;the e1ectroegat1v1ty of L

' .
mncreases,‘the S cHaracter tends to max1m1ze 4n the Sn C bond]4 .

’ . ‘ hence the €-Sn-C angle tends to. open towards a trans structure where

maximum character in. the C- sn, bond *can ba "ichieved. Assuming, -

)

that’ {Ph} ms essent1a1jy a COnstant in an octahedral coordination sphere,

. and {Ph} >>,{L/2} (th1s id in fact the case) ‘the quadrupo]e splitting
‘Nwe . will increase as L becomes more electranegative. ‘Th;s—*s cons1stent
| with X-ray data wherelno gl§¢RZSnL4 structunetw1th a C-Sn-C ang]e ‘
less than 100° has ever been discovered. It is yery'dikely that the
LC-SnfC ang]e‘in PhoSnL, is in the order: BzAc ~ AcAc ~ BzBz < Ton <
< - hﬁAc.‘ .

-
L

e The structuresof CtSaMe(AcAc),, G1SnPh(AcAc),, and ‘
. e C1SnPh(Bsz)2 cannot be obtalned from quadrupo]e sp]itt1ngs The predicted
quadrupoTe splittings for trans-Me. and Ph.isomers are + 1.94, + 1. 78

I

- +1.86 mms-'1 respectively, while the predicted sp1ittings fpr gi;;isomers

.are + 2.03, + 1. 87 + 1. 89 mms -1 respectivelyl compared to the observed

va]ues of 1.78, 1.77, and 1.64 mms }. Although the. observed vaiues are *

closer to those predicted for the trans-isomers; the predicted quddrupole

“splittings for cis-and trans isomers are. too similar to assigh these N
# 1 . «
struétures14. However, recent nmr studjes6 suggest that CTSnMe(AcAc)2 ‘

and c]SnPh(AcAc)2 are the cis-isomer in so}ﬁtion, and dipole moment data17A

& ; v ' ' 1
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. Is frozen‘! Another possibility in the solvent dependence of 'the

.

~

LY

indicates that the related compdund ClSnPh(oxin)2 has the cis- -~
configuréfion.“ The M8ssbauer spectrum of the frozen solution of

MeZSn(AcAc)2 iﬁ benzene was also recorded. The computed CS and QS

-1

are 1.08 and 3.85 mms , respectively. These values along with those

16 -1

obtained by Herber et al in butylbenzene, 0.97, and 2.76 mms ~ for

CS a;d Qs, respective]y,,aﬁe small compared with those for the 'neat
. e .

»

solid (CS = 1,16 mms™ ' QS = 4.023nns'1). These'results‘cleérly indicate

“that a structural. change, as recently studied by Serpone, et a1]7, occurs

in solution. A 1argef QS observed jn beﬁ;ene than in butylbenZene is '

probably-due to some degree of crystallization when the benzene solution

)

acetylacetonate exchange17

- ]

2
mr Jiis

Correlations’ of Centre Shifts with Quadrupéle Sp]ittjngs'End with

-

Gn-CH3 7

It is now éenera]]y recognized that in trans-MeZSn(ACAC)z,

',J

. the Sn-C bonds 1nv01ve most of the $n 5S character, while the bonds to _

_"the acetylacetonates involve. ma1n1y Sn 5p character The centre shift--

quadrupole sp11tt1ng correlation Tor dimethyl compounds (Fig. 2.2) strongly

.supports the apove argument and moreover suggests that this argument

rd
can be applied to all these compounds. This the Sn-L bonds in these

- compounds contain Tittle Sn 55 character. As the g£lectronegativity of the

o

" équatorial ligands increases, the p orbital imbalance [-N ?(N + Np)]

becomes more negative, the field gradient becomes more negat1ve, and

< 12

the quadrupo]e sp11tt1ng becomes more positive If the che1ates are

on]y involved in bonding with Sn5p orbitals, a w1t%drawa1 of p electrons

- increases [w(O)SS]_ hy desh1e1d1ng and the centre shift W111 increase with

4
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" the Sn-L bonds does not change at all; However, ac%o%ding to Bent'§ rule

b

- an 1ncrease of quadrupo]e sp11tt1ngs\\‘jh1s correlat1on is very ¢

increases. This trend is’consistent w1th the argument in terms of d1stort10n

sim11ar to that for IX compounds. (X = Na, K Br, C1, I) where thé
IX bond is, thought to involve only 1 5p orbitals. If the Sn-L bonds
contawn cons1derab]e s character, an opposite trend would be expected19

-Thé diphenyl compounds all have a substant1a1]y lower cs than

the dimethyl compounds and this smaller cs is cOnsistent with a smaller |
55 character in-the Sn-Ph bond- than in the Sn-Me bond, and also with a
gi§;configuration9. On this argument, there will be an apgreéiab]e.s

-

character in fhe Sn-L bonds in the «cis diphenyl compounds, and as the

r.

eletronegativity of L increases one woutd expee€.a small cs increase

ﬁ(or perhaps a decrease) than in the dimethy]l cdmpounds,.and a po&k or

negative corre]étion<bétween Cé gnd QS; provided that the s character in
| 16

13

- L3
and the recent proposed model ~, one would expect an incfease.in CS as

. . ' .
well as QS as the electronegativity of L increases, singe Sn tends to
-

maximize the 5s character in Sn-C bonds and opens the C4Sn-C angle.

The CS-QS correlation is not good for the diphenyl compdunds, but a sub-

stantial increase in 0S and in QS is obseﬁved as the elgctronegativity of L
) 13

It wou]d appear that any change in M8ssbauer parameters of the c1s compounds
is accompan1ed by the change of the s character in the Sn~C bond.

The correlation between 2J119$n-CH and the centre shift (Fig. 2.3)
. . 3- 3
is consistent with little Sn 5s character in the Sn-L bonds in dimethyl

20

compouhds._ Pidcock et al“” has assumed that the Fermi contact term is the

dominant term determining 2J and that in a se(L?c of. cempounds such as the

12,

Sn

‘ h .
dimethy@ compounds, the factors affecting ZJIIQSN:EH are just kyp(0)
L] v * 3

.

5s
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a® (the s character in the Sn-C bond), and the degree of covalency in

the Sn-C bond. According to Pidcockzo, the omr [Y(0)5s5]? refers to
- - ' , . . Sn .
- .the square of the amplitude of thé atomic wave function at the nucleus;.

PR

and the.o? and cova]éncy represent how much this orbital is invalved
, -

in bond1ng In contrast, ‘the Méssbauér centre shift ([y(O)SS] ) has
1nc1uded these-three terms; but when comparing with 2J, 1t %s conven1ent

to separate the '!°Sn centre shift into similar terms.
‘ 5! o
CS =« [p(0)5s] & o® x Covalency
" bonds

Since Fig. 2.2.indicates that virtually all the Sn 5s character
is in the Sn-C bonds, o? and the covalency are constant. Vardiation in A
[¥(0)5s]* thus changes the €S, and [y(0)5s]® can only be’changed by shielding

effects o0f p electrons which are concentrated in the p]ane. As the electro-
P
negativity of the equatorial Tigands 1ncreases, there w111 be more p electron

density delocalized on to the ligands, hence both the C§‘and 2J va]ues will
increase. This 1nterpreta!\on ig consistent with the observed positive

correlation (Fig. 2.3). It is interesting to compare zdllgsn-CH values due
: ' 3
top dehsie]ding with those due to change of s _character in the Sn-C bond.

In contrast“to 2.3, a recent}y observed corre]at1on2] between 2J1‘93n-CH
3
and CS of Me, SnM  compounds (X =1-3, M = Co(CO) n(CO)S, Fe(CO)Z_Cp,)

in whi‘h the s character of the bonds and Bent's ru]e determines %J, gives a

- negative slope. The obsefved variation in ZJIISSH-CH of the Me4_XSnMX system

3
is ~20 Hz which is large compared with a range of only ~5 Hz observed in

Me,SnL, systems. : ' o .
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" 3.  Goldanskii and Karyagin Asymmetry °

<ZZ> - <X

29
¢ .
A1l dimethyl compounds show pronounced asymmetric doublets ¥n

their spectra obtained from powder samples. The area ratios 1+/1_=R

(I+, and I- are the areas for the positive and negative’ve]ocity lines,

respectively) forwhese compounds are given in Table 2.2. For MeZSn(AcAc)Z,

I+/1- (0.91 + 0.05)~is in good agreement with ‘that reported by Herber et a1]6.
Similar asymmetric doublets have been observed in t1’n22'25 and iron26’27
compounds ; aﬁd have been attributed to Goldanskii-Karyagin effect23’24

(due to anisotropic vjbkatidn of the Mdssbauer nucleus). Flin et a127

showed that the area ratio (13/2/11/2) of the two 1ines-depends on

2 2 2

>, where <Z°> and <§.> are the mean square vibrational amplitudes

" parallel and perpendicular, respectively to‘the electric field gradient

axis Z. In grans MeZSnL2 compounds’, <Zz> corresponds to the. meaw square
vibrational amp]ﬁtude of the tin atom along the Me-Sn-Me bond axis (the

Z EFG axis), while <X2> corresponds to the mean square vibrational amplitude

in the plane of the acetylacetonates. If <ZZ %>, then R > 1; if

<22> > <X2>,,then R < 1. This result can be important, if 2% - <X2> is

> < <X

known from X-ray studies. First, if Mossbauer Spectra can be obtained at room

~ temperature, theﬁ; the bbserved(13/2/11/2) can be compared with that calculated

from‘X-fay data. Room temperature spectra of MeZSn(AcAc)2 have been obtained;

and the measured R value 1is in good agreement with that derived from X-ray

data ( Failsrwi11 be given in the Appendix). Moreover, if the sign of

<Zz> - 2>' is kndwn, R can be used to determine the sign of the quadrupole

splitting. In the trans-Me,SnL, compounds, the X-ray study of Me,Sn(AcAc)
‘ irans-fieyonts 2 2

2, > <X2>, and (13/2/11/2) must be less than 1. This immediately

shows that <Z
identifies the positive velocity line as the + 3/2 line, and indicates that

a11‘d1methy1 compounds have positive quadrupole sptitting (from Table 2.2).

»
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t ’ ' -’. ' »
The positive QS of MeZSn(A?ﬁf)b'agrees Wwith the sign previously determined

using the magnetic pertubatjon mgthodlz.

C. Experimental

With the exceptéon of the new compounds, all the organotin (IV)
B-diéetonates were prebared'using methods available in thed1iterature2'4’ 23;31.
Some synthetic routes which leads to the formation of these compounds are

summarized in the following reactions: o

Hzo - ‘ ‘ i ) ~—
RySNO + HL > R,SnL, + Hy0 , (2.7) |
. CeHe - -
ot . RZSnC12 +2NaL -~ RoSnL, + 2NaC1 (2.8)
or or
< ‘
2TIL cA 2710 (2.9) | .
H20 ,; S
RSNC14 + 2HL > RSnCg, + 2HC1 - , (2.19)
’ CGHG = [
RSnC13 + 2TIL -~ .RSn01L2 + 2T1Ct (2.11)

where R '= Me, Ph; L = g-diketonates.. Compounds 1,3 (Table 2.1) were
. L
.prepared using eq. (2.7)2. Compounds 2-4 were prepared via eq. (2.8)2,

while compounds 5-10 were B;epared by éﬁ? (2.9)4. Compounds 17, and 18

were” formed fo]]owing eq. (2:10)3.’ However; Compoung 19 can only be prepared
using eg. (2.11) reppfted here. "The purity of compounds was checked by . ‘
m.p.,'infrafed, n.m.r., chemical analyses (chemalytic, inc., Arizona, U.S.A.)
and Massbéuer'spettra7~ The synthesis of PhSnC]BzB‘z2 is reported as -follows.-

.
Bis (1,3-dipheny1-1,35propaned1ona%o)phenylch]orotin(IV), PhSnC1(BzBz), -

- Phenyltintrichloride (0.46 gm) was added rapidly to a benzene so]utiqn‘of

..w‘4 . ) . = .
T1BzBz" (1.37 gm). The reaction mixture.was stirred for 1 hour under a

-
-

at




I

‘deuterochloroform solution. The 2J119$n-CH

31

nitrogen atmosphere. The white precipitate (T1C1) was discarded and

4

.o

Py

the solution was evaporated to drynes§ under vacudm. Thé yellow re;idueuz

was recrystallized in benzene.. The yield ;as ~0.83 gm. ! -
. The melting points and analyses (observgd values in parentheses)

for the new éompounds are: MeZSn(TfAc)Z, m.p.- 105-106, C 32.3(32.0),

H3.14 (2.86); PhZSn(Tfchz, m.p. 651653 C 45.6(45.8), H 3.11(2.95); and

PhSnC](BzB;)2 m.p. 227-228 C 61.0(60.92); H 3.98(4.03).

The nmr spectralfor dimethyl compounds were obtained in

%pjues are/An good agreement
3

with those previous]y'repo§f€d. Mossbauer spectra wefe obtained as described

' in Chapter 1. A1l centre shifts are reported with re peét\to the centre

of a room temperature BaSnO3 - BaSnO3 spectrum.
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a ' “CHAPTER 3 -

Preparation and M8ssbauer Spectra of

- Six Coordinate Sn-Mn Compounds:

* ’

_The Ratio of Si£>Coord1nate to FBur

¢ Coordinate Partial Quadrupole Splittings
<. B
‘Introduction

~Although extensive studies on four coéordinate tin-metal’
bond compounds have been documented, relatively little chemistry

of six coordinate tim compounds containing such a t1n-meta1 bond

2,3

is known Thus, only seven, compounds have been prepared - often

in low yield Patmore and Graham f1rst rﬁported three cobalt ™
carbony] der1vat1ves of six coordinate tin acety]acetonates Bonatti
and M1ngheft1 reported another four six Coordinate ‘compounds

‘containing a Sn-Fe, Sn-€o, or Sn-Mo bond.

No example of six coardinate Sn-Mn compounds has been reported.

4,5,6°

However, Mossbauer pgs parameters as well as the extensive organo-

tin chemistry7, strongly suggest that Mn(CO)g , along with other metal

]

groups should 'show chemidal characterisiics.comparqb]e to that of the
organggroups; and, therefore, six coordinate'tin-nenéenese compounds

_ should_ be readily prepared. In this'Chgpter,fa series of novel six
coordinafe tin compeunds (ma1n1y containing Sn- Mn bonds) s reported.
These compounds are ﬁrepared by use of react1ons ana]ogous to those
encountered in organot1n chemistry.- The infrared and Mossbauer spectra

-

of these combounds and some related compounﬁs.are discussed in some detail.

34




The EFG expressions for structores I, III and IV are given

oct values (mm s ]) for AcAc/Z

58)

in Tab]e 3.3. U;1ng prev1ous]y derived {L}

20y | bipy/2(-0.088) ; phen/2 (-0. 08 Y, oxn/2(-0.0527), ph(-0.95

)

(-0.03

and'C](0.00 , We can now darive {M}OCt values (Table 3.4) from the

!

quadrupole splittings in Table 3.2. To, provide the overall best {M}oCt

oct

values, averaged {M} values are calculated except for those determined

3
from oxin compounds (except for compound 12 of course). TQe QS values

21 vary over a wide range, and the {oxin} value

for RZSn(oxm)2 compounds
seems less well defined than ‘the other values. For Mn(CO)S, the _ N

{Mn(CO)S}OCt values (mm 5'1) derived from compounds 1,2,3,4,7 and 8

(assuming the fac structure for compounds 3 and 4) are -0.76, -0.69,
"

'S

-0.7d, -0.64, -0.73 and -0.71 fespeétively oiving an average value of

-]. Considering.the wide variation in structure and
-

bonding about the Sn in these six compounds, the consistency of these -

-0.71 + 0.03 mm s

values is satisfactory. For example, the {Mn(CO)s}OCt values derived
. from compounds 7 and é with e]ectropoSitive Ph groups are very similar
to those derived from the halide compgunds. : p
3  If structure IV is taken for the phen and bipy MSnC] adducts ,
the {Mn(CO) }OCt value der1ved from the Q S. “for compounds 3'and 4 are both
© ~0.58 mm s ], very much smallier than the -O 71 average given above.
fﬁe agditivity treatment strong]y suggests that these adducts a11 have thé

1
-

-~ fac structure.’ . , ) ~

oct value are ali

In,Tab1e 3.4, it is apparent that the {L}
substant1a]1y sma]]er than the {L}  values. The four coordinate {M}-
values in Tab]e 3.4 were deriv rom the nearly tetrahedral R3SnM compounds4

wherever possible. Since a Q.S. fas not been resolved for Ph,SnMn(CO) ,- cot
tet '

?Ph3, a'{Mn(C0)4PPh3}

value has been-derived by plotting the (Q S ) of
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‘RSnC13-(bipy) and RShC13-(phen) compounds in a simple additﬂﬂ‘ . \ 4
react\on 1, 12 - ‘
’
CeHe : o . o
RSACIy + L > RSnClL. ' 0 (3.3) I

r
Our preparat1onsof MSnXL24i25;MSnC1 L Ehmz:fnds were carr1ed out
§¥ana1ogous react1ons to those given above: “React1on (3 2) rather ?

than (3.1) was nsed because theﬁQSnC13 compounds tend to Qecompose in

. . aqueous solution.-

The analogous reactions for RZSnC12 compounds read11y y1e1d'

the expected six coordinate compounds, Sn 6cAc)2, RZSn(ox1n)2,

2

R SnC] phen and R SnC] bipy. However, the react1ons of MZSnC12 compounds,
and the above ]ﬁgands are not’ clear]y understodﬂ at the present time.,

N . .
For example, the reaction of [Fe(CO) cp]z 5nC12 and ox1n3 gives ' T

[Fe(CO) cp] SnC'l(oxm)2 1nstead of [‘Fe(CO)Zcp]2 Sn oxim, as an 1so1ated
- product. React1ons of [Fe(CO)Zcp]2 SnC]2 and o(CO) cp]2 SnCl, with .«
T1 AcAc and T1 oxin gave products which were verys 11ght and air sens1t1ve
The Mossbauer.and 1nfrared ev1denpe §uggested that the six coor inate -

MZSnL'2 (L AcAc or oxin) may we11 be present."Because of the previous

) preparation of trans [Co(CO)4]2 and the preparation of trans Mn(CO)5

1

’SnPhC]then reported here, it seems jlikely that the d1meta1 compounds

cqy]d‘beaprepared under the proper conditions.

; s . o
. - L
v ’ ¢

. . : .
2. _Infrared Spectra and;;;ructures . A

u .
/ The use Qf co stretch1ng frequenc1es 1n the 1900- 2200 cm -

{
reg1on of IR spectra has great]y fac111tated the structure elgg§§3t1on of

13 14 15

meta] carbonyl, comb]exes . Mn(CO)sL = C1, Br) compounds T

W1th a C4 symmetry have a three band (2a +e) pattern in the,carbonyl ‘
-.\ . “‘ I‘.
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f 4 Figure 3.1 Infrared Spectra of Mﬁ(CO)SSnCT(ACAc)2 dn the .
. A .CO Stretching Frequency Region

- (a) iﬁ nujol (b) in ch1ohe§ane Q \




.
" B . - »

region.” As the symmétry of the L group decreases (i.e. when '3 ° ‘
= SnC]3, SnR ) the normal]y IR inactive band ( ]) begins to

appear and at, the same time the e band begins to broaden and

eventually sp11ts-1nto a dOublet as.L becomes less symmetric. .

~The above var1at10n in 1nfrared spectra with symmetry‘is

very useful in ass1gn1ng "the structure of many of .the Mn(CO)5 compodnds
»

A11 comppunds show at 1east four bands 1nc1ud1ng a b] band of appreciable
intensity (Table 3.1 and Figure 3.1). 1In Mn(CO)SSnC1(Acﬁt)2, the broad

e band in nujol (Figure 3.1a).splits in cyclohexane solution (Figure 3.1b)

i

.These sfmilar spectra sbrongly suggest that the symmetry of the mo1ecu1e is
» the same in both so]1d and solution, and that the local symmetry of all
our Mn(CO) compounds is lower than C4 ‘

- s WFbp the AcAc and oxin compounds (1,2 and 6, Table 3.1),
the C,, Er£££ structure can be ruled out, leaving us with tH® cis

~ strutture for all three compounds , (I, Figure 3.2). It seems Tikely

that the preuiouslx prepared analogues, MSnC](oXin)Z(M = Fe(CO)ch,
o J ; 5 o
Mo(C0)3cp)3 and Co(C0)4SnC](AcAc)2 also have the cis configuration.” These

_structures are consistent with the Mdssbauer quadrupole splittings (vide

’

‘ . 16
infra) and the gig_structure‘for the RSnC](AcAc)z compound. S

The CO stretching bands observed,for Mn(CO) Sn&bc1 (phen)a1one
Lcannot be used to ass1gn structures w1th conf1dence Howéver, the - -
Mossbauer quadrupo]e sp11tt1ng (v1de 1nfra) shows that this compound has
'the Eragg structure (II, Figure 3.2). The 1nfrared data is consistent
with this structure. Also, the ana]ogous-Pb compound has the same—structure
conf1rmed by X-ray study]7
The other phen and bipy adducts ( compounds 3 and 4) can have

e1ther the fac (I11) or mer (IV) structures (Figure 3.2). Because both

L 3 N -
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-

L

.. prev1ous1y for the four coord1nate compounds Mn(CO) SnC]3 and Mn(CO)5

. 40
structures have symmetries. Tower than C4 s qt is not possible to ' 4
d1st1ngu1sh these structures from the*1nfrared data. However, the
Mossbauer quadrupo]e splittings_ (vide 1nfra) suggé;;—;hgz\fﬁés ’ .
compounds, the other analogous F;jﬁo 2CP comp]exes, and the Ph and \

17

Me analogues ’ all have the’ fac structure

Ll

The force constants k]’ k and k have been calculated us1ng

the Cotton-Kur'aﬂmnze]]3

\

method. They are.compared with those calculated

SnR3 (R = Me, Ph) . There.are no discernable trends in the infrared ¢

stretching frequencies or the k's in the six coordinate compounds.

The k's and stretching .frequencies for *e six coordinate compounds R
nearly all lie between those for the foul.coordinate Mn(C0)5SnC13 and ‘.

Mn(CO)SSnMe3. _Considering the axial CO a]' band, it is aéparent that

. this band in the six cogrdinate compouhds}lies close to that for'Mn(CO)s—

., ,
more s character in the Mn-Sn %

b

SnPhé

bond, This result is perhaps surphising because for the ha]ide complexes

rather than Mn(CO)SSn(ﬂ3 whi

&

at 1east the C1 and 0O bond1ng gtoms are a11 e]ectronegat]Ve compared to

the three Ph fn Mr{CO) SnPh3, and one expects that the increase in electro-
negativity of L in Mn(CO) SnL3 (e.g. from-L = Ph to L = C1) increases the
o withdrawal effett 1n fhe Sn-Mn bond and hence Tncreases ghe pos1t1ve

charge in ‘the Mn, decreases the e]ectron density in the trans £0 ant1-
bonding orb1ta1 and ;npreases the Q], frequency. - There appears thgn to
be more electron density in the CO‘antibonding orbitals in the six
coordinate chmp]exes than might have béen _expected. .

The CO stretch1ng pattern of Mn(CO)4PPh SnCt. 5k compared with -

Mn(CO)4PPh*SnC1 and M\(CO 4PPh SnPh is similar to that of Mn(CO)$SnCI3L
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N 41
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‘Figure 3.2 Structures of Six Coordinate Sq(IV)-Mg¢a1 Cgmpounds
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R , ,
- . A
compared with Mn(C0)sSnC1, and Mn(CO) SnPh,.  The CQ freguencies

for Fe(CO)ZcpSnC13:phen are 2029, *2023; (doub{et), 1974, similar to

that of Fe(C0),cpSnCl, bipy, but Tower than that of Fe(CD),cpSnCls.

Mdssbauer Quadrﬁque Splittings and Ratio of Partial Quadrupole Sp]ittingﬁ.

The 117Sn M#ssbauer parameters along with the 57Fe Mossbauer
pirameters for the Fe(CO)Zcp compounds are given in Téble 3.2, while typical
1195n and °’Fe spectra are shown in Figure 3.3. The 37Fe centre shifts
(C S.) are very similar to those for fpur coordinate SnFe(CO)cp compoundslg,
while the quadrupole splittings (Q S.) are about 0.1 mm 5'1‘sma11er
than- for the four coordinaté compounds. .

\Qua1itative1y, the !*°%n quadrupé]e splittings and centre shifts

for the six coordinate compounds are.smaller than those for the correspond~ ~ .

ing four coordinate MSnC‘i3 species (compounds 13-15; Table 3.2). Compared

to the six coordinate Ph analogues (f7-20, Table 2), the M-Sn compounfs
havevlarger centre shifts and lowey quadrupote splittings. The above , p

quadrupole splitting trends are g¢ue to the fact that |{L}0ct| < ‘{L}tet|8’

. and that |{M}| < |{Ph}| in both coordinations. The quantitative inter-

pretation of these results is given below, while the centre shift trends
are discussed in the next ‘section. ‘ )

The 1nfrare& evidence presented-earliér strongly suggésts that
all the AcAc and oxin derivatives (1,2,7,9,12, Table 3.2)‘have ihe cis
structure (I, Figure 5.2). The large Q S for compqund 8 isconly consistent
witﬁ'tﬁe trans structure II, since the cis structure would give a Q 5.

of less than 2 mm's'l.

n

The phen and bipy MSnCl3 adducts could have either

-~

structure 111 or,lv,/but the additivity treatment discussed below indicates

that these compounds have the fac structure (III).

- Ay
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The EFG expressions for structpres I, III and IV are given

oct yalues (mm s"]) for AcAc/Z

P in Tab]e 3.3. Ug1ng prev1ous]y derived {L}
20y, bipys2(-0.08%), phen/2 (-o0. 04 ), oin/2(-0.0527), phi(-0.95%)

and'C](0.00 ), we can now darive {M}OCt values {Table 3.4) from the

(-0.03

?

quadrupole splittings in Table 3.2. To_ provide the overall best moct

oct

values, averaged {M} values are calculated except for those determined

* ,
from oxin compounds (except for compound 12 of course). TQe QS values'

for R Sn(oxm)2 compoundSZ] vary over a wide range, and the {oxin} value

seems less well defined than ‘the other values. For Mn(CO)s, the '

{Mn(CO) 19t Values (mm ;']) derived from compounds 1,2,3,4,7 and 8
5 .

(assuming the fac structure for compounds 3 and 4) are- -0.76, -0.69,
"

S

-0.76, -0.64, -0.73 and -0.71 pespecmively piving an average value of

-0.71 + 0.03 mm 5_1. Considering-the wide variation in structure and
e

bonding about the Sn in these six compounds, the consistency of these -

-

ocC

values is satisfactory. For example, the {Mn(CO)S}  values derived

. from compounds 7 and é with e]ectroppSitive Ph groups are very similar
to those derived frpm the halide comp¢unds. ' ,

" If structure IV is taken for the phen and bipy MSnC]3 ddducts,
the {Mn(CO)S}OCt value depfved from the Q.S.“for compounds 3 and 4 are both
© <0.58 mm 5'1, very much smaller than the‘l0.71 average g{ven above.

. - ,
The aqditivity treatment strongly suggests that these adducts all have thé

- N »
-~ fac structure. . , . ~
‘ oct

In,Tab1e 3.4, ﬁt is apparent that the {L} value are ali

jtet values. The four coordinate {M}-

substant1a1]y sma11er than the {L}
values in Tab1e 3.4 were deriv rom the nearly tetrahedral R3SnM compounds4

wherever possible. Since a Q.S. &as not been resolved for Ph,SnMn(C0) , -

PPh3, a'{Mn(CO)¢PPh3}tEt value has been derived by plotting the (Q S ) of




Table 3.3

EFG Expressions for Structures I, III, and 1V

Isomer’ . . EFG Expression

I . Vv, /e = 2[M] -\[L] - [R]
Vy:V/é_ = 2[R] - [M] - [L]

V.. /e = 2[L] - [R] «[M]

IIT ([C1]=0) vV, /e = 20M] - 2[L] |
Vy&/e = [L] --[M] .

v, /e = [L] - [M]

IV ({61 =.0°) V. Je = 2[M] 4 L]

: - V. /e = -[M] - 2[L)

VXX/e

(L] - ]

%6

5




&7

s Table 3.4
Derived Oftahedral pgs Valuas along with ° -
Previously Derived Tetrahedral pqs-Values .
\ g
L {L}°c* estimator* o  {p}*®t ref.
Cl,Br 0.0 - - © 0.0 ‘ é”
I -0.14 - -0.17 8
‘Mé(co) ,cp -0.66 . - 12 . -0.75 L a
.Mn(CO)s ) -0.71 1,3,4,7,8 -0.97 4
Mn (CO) “PPha -0.73 5,6 -1.01 b
Fe (CO) ,cp -0.74 9,11 -1.08 . 4
Ph -0.95 ref. 8 -1.26, 8
Me® —.1.03 . mref. 8 ’ -1.37 | ,8
' ., "
- refer to compounds in Table 3.3 Cos .
a X.D. Butler, Ph.D. Thesis, University of Westerhn Ontario, 1974.
b By interpoclation, see text. b- *
/
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the Msﬁt13 compounds (M = Fe(C0), cp, Mn(CO);, Co(CO)Az,Mo(CO)Q cp

tet
1

values ts—~tP1 mm sV

and Mp(CO)4PPh3) versts the known {M values. The.%nterpolated T

tet

\
{Mn(€0)4RPh3} ‘The smaller {M}SCt values

are entirely consistent with previous pfédictions hased ‘on a ecular
orbital treatment8 in which the pgs values can be approximated by: N
A .

tet C 1 20, 3. -3 _tet , ‘
. LT ez et ygerT > o° +(3.4),

(L3t ?'1%-e2Q| %~< P oct o (3.5) <::j~ :

>p0

- . ' .
Iv,and dzsp3 (or Sp) hybridized Sn respectively.

.

In these expressions, the o parameters describe the involvement of

for sp3 hybridized Sn

the tin hybrfﬁ in the' M-Sn bond. As the donor properties of M increase ,

o increases. ~Taking the ratio of the two expressions above, (Lot «
ol L1560 = 0.67(0% /5% %) Provided that 0%~ **, the ratio of
.EL} values should be ¢lose to 0.67, assuming that. the <r'3>Pare the same.’
\ The ratio of the {L} values in Table 3.4 is always clqsexfo 0.75:

,aﬁd a regression of {L}OCt'versus {L}te§_(Figure 3.4) gives a good iinear

plot with the equation:

e

, Wt = brs Wittt 4 001 (m s (3.6) .
: iy ,
1

The intercept is vely c]bse to 0.00 mm s~ ' as it should be,, and the r -

value (0.991) shows that this is a very good corre]affon. The slope of
? ’ s

0.75 is slightly 1ar§er than the value of 0.67 for equal o values.

°t being lg;ger than ¢*®t. ‘Another

tet

The value of 0.75 could be due to ¢°
~ possible reason for }he‘ﬁarger ratio is that the {L} values were R

. ‘ derived from R3SnX(Ph; a1yj1) and R,SnM (M =‘Mn(t0)5, cp, Mo(CO)3 cp)

3
L} [ . * . " j
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. , Mn(CO)5b.0L OF@@)QCP’
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compounds¥™in which the S character in the SnR or SnM bond Fespect1ve1y
i

This greater S character makes the {L} et values 1ess negat1ve ‘than
oct/{L}tet

is slightly greateY than that expected on .the bas1s of sp hybridization.

’

expected, resu]tmng in an increase in {L} . A s1m11ar effect -

could take place to decrease |{L}BCtl .but th1s(effect should be smaller. «°
The very large structura] distortions possib]e 1n tetrahedral compounds
compared to octahgdral compounds is cons1stent w1th this’ argument.

}OCt

It is interesting to note-that the order of M values

s
is 1dent1ca1 to the order of {M}t‘t}Vaiues The, re]at1ve bond1ng propert1es
of the meta] moteties are the same in six and four coord1nat1on and -

the bond1ng propert1es of two metal moieties are cons1stent]y different.

Thus, as in four coordination, -the p donor ability incredses in the order:

1”‘;. I<X<< ha(co)3 cp < Mn(C0)g < Mn(C0),PPh; < Fe(co)z cp
| < Ph < Me . ' ' ’/f///\a

tet

$

©  Parish et a1® have recently reparted |[{L} "] values for metal

moieties which are significaht]y smaller’ thah the values in Table 3:4.

For examp]e the metal {M} values derived from the ﬁear]y tetrahedra]

. BugSnFe(C0), cp and Me Snin(C0),* are -1.08 and -0.97 mm 5™
3 2 3 L

respectively,myh11e those deravede,from Fe(CO)2 cpSnC]3 and Mn(CO) SnC13

19

are -0 95 mm s'r and -0,83 mm s’]'respectivew6 As"has begn pointed , v.
out’™”, this var1at10n is Jargely due to-the increase in S charaZZjL in.

the ShaM bond from the MSnR3 compoudds to the MSnC¥ compounds S1nce
tet

-

“the derivdtion of {L} (qq 3.4) referg to sp> hybr1d1zat$on for the

. purpose ofycgmpariﬁg pgs for d1fferent,coord1nat1ons, it seems more ¢

~. reasprable to de;ermine the {L}t€% vatues from §truc£urés closest to .

-
- 2 1 . X \
. .
. . .
.
. .




. then the slope df the line becomes 0 77. This larger value is consistent

‘_ those derived from MSnCl

- ¥

i

tetrahedral whenever possible. Variations i% {L}tEt

vali®s can often

then be d'iscu!;seclTg on*the basis of varying § haracter in the Sn-M

tet

bond If Par1sh s {L} values are used: for a similar regression analysis,

with the argument that there-1s more S character in the Sn-M bond in

MSnC1, than in MSnR,# ;O |

Bes1des‘the apparent 1nterpret1ve.advantages, {L} va]ues .
(Table 314) usually give significantly better aéreenent betneen the .
ntedicted and observed 5222 than those der1ved fro% MSnC1 Thus’ ‘ .

for 32 dihalide compounds“M'ZSnxz, RS, and HH' S, (B= Me, Ph, W' { -
Cr(CO) cp, Mo(CO) cps, .(C0)3 cp, Mn(CO)S, Co(CO)a, Fe(CO)2 cp,

X =2C1, Br, I), a plot of predicted versus _observed QS ‘gives a slope

of'O 83 and r= 0. 92, us1ng {L}tet va]ug:'der1ved frqm RBSn;\compounds.
Par1sh s va]ues, however g1ve the slope and r value of 0.72 and 0.78 s
'respect1ve1y For 67 organemeta111c Sn compounds , the correlat1on : |
coefficient is 0. 98 1n both cases, but the slope of 1.0 obta1ned -;”
from.values in Table 3.4 is s1gn1f1cant1y lTower than 1.07, us1ng Par1sh*

values. For overall add1t1ve treatment of QS K {L}tet values derived

from.less dgstorted structures seem to be better working values than
h 6 - N

3 .
» - 7

Centre‘Shiftseand_Bonding

- B

The centre shifts of all the compounds given in Table 3.4 are *
smaller than those of the correséonding fpnY cqlgggnate structures.

Several other features arise from these CS values. First, in contrast

to Q S , and ip a@reement‘with the four coordinate:resu1tsﬂ the CS of

metaJ-tin cbmpnuan are larger than those of the corresponding organotin

compounds. For example, the CS and QS for RpSnCI(AcAc)Z'are 0.61 and

-~




E..

“cis M(co)

L 4

- > %
1.78 mm s'] reépective]y;‘ﬂh;;eas those for Mn(CO)SSnC](AcAc)2 are 1.11

-1

and 1.49 mm s™' respectively. THis indicates that the Sn-M bond
]

contains more S character than the Sn-R bohd. Setond, the CS always

inereases in the order, MSnC]L4 < MSnC13L'2 < MSnC]3 (L'= 0 donors

L' =N doher).Asimilar'trend has been observed for organotin anafogUES.
This would suggest that nitrogen cepta1n1ng 11gands are always better
donors than oxygen and chloride ligands. Th1s is in general consistent
with tf pqs ass1gned to these 11gands F1na11y the smaller CS in

5SnPh(AcAc) than that in trans Mn(CO)SSnPhC12phen is consistent
w1th prev1ous observation 9. ‘ 1 .

It is now possible to compare the S character in the Sn- L

bond in the following order,

5 E_Mo(CO)3 c

.
i

Cl, Br < < Ph < Me <.Mn{CO)
< Mﬁkcd) PPhy < Fe(CQ), ¢ s LC“*”
. 4 PPhg < 2 .

4

This. order is established by dirett]y comparing CS pf the compounds
(Table 3.4). It is obv1ous that th1s order is 1dent1ca1 to that derived

2

for four coordmate‘g compounds. Thys, the arguments us%te estabhsh the’

S charactér series for four coordipate compounds are entirely satisfactory
. ¢’ .

for the six coordinate ana]ogues4.’

hY

The difference in P donor sttength

and CS character between’a R-Sn and a M-éh bond is now clear, since

results from two different struetural types come to the samé?conclusion.

Experimental / ’ - ‘ I .

The compounds in Table 3.5 were prepared for the first time. °

»
b ,
<

Q
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- methods

oflf101 were discarded and the filtrates. were evaporated to dryness.
’ - ¢ <L

However; Mdssbauer spectra gave narrpw lines for’ these compgunﬁs. In

TIL (L = acetylacetonate (AcAc) or 8hydroxyquinolinate (oxin))and _

the foun coordinate M-Sn precursors were prepared by previously published

23"24’ 25; Compounds 1, 2 and 7 were prepared by reacting*Mn(CO)s-

. . . b) .
Sn013 or PhCL,ZSnMn(C‘O)5 with the appropriate TiL. .Tﬁe white precipitates

The cpude products were,recrystalfi;ed in n-hexane. The yields were

about 40%. The products. are slightly light sensitive andfEfgpmpusefjjpfﬂ7i/-rfhﬁ

The b1pyr1dy1 (bipy) and Bnenanthroline (phien) adducts were obta1ned by
L )
p1pett1ng benzene so]ut1ons of the T1gand 1nto the benzene so]ut1on of

the corresponding MSnC13 or PhCIZ§nM[M = Mn(CO)s, Mn(CO)'PPh3, Fe(CO)2 cpl.

>

Precipitates fonmed 1mmed1ate1y. ‘The solids were washed with benzene

.and then centr1fuged ‘Jhe yield was not less than 90%. These_ adducts ar

slightly soluble in nonpolar so]vents but moderately so1u?1e in acetone
The me1t1ng po1nts and chem1ca1 ana1yses of the new Ebmpounds
$re listed in Tabie 3.5. Satisfactory purity was,not pbtained far two

compounds (€ and 7) which decompose.readijy on standing at room temperature.

L 4

some cases, chathrated benzene molecules were present (Compéunds°6 and 9),

i )

as has been found prEV1ously for six coor 1nate Sn-Co der1vat1ves

Representative preparat1ons are descr1bed €e1ow

- -7 \ ¥
4 ,"

MnJCOR)SnCH 5_7 2)2_ A benzene suspensmn of T1 C5 705

\
was prepared *from 0.617 gm of- T] C3H702 and 20 m] fresh1y d1st111ed

benzene. To the above solution, .a" benzene so1qt1on of O 465 gm

'an(C0)55n613 in 10 ml benzene was added. The reaction m1xtuwe was stirréd

at room'temperature for an hour. The white prec1p1tate' (T]CH were

P

discarded. The f11trate was evaporated to d?yness under vacuum then




N
rd

extracted with refluxing n-hexane. The n-hexane solution was ¢

~

5
concentrated and .left in the refrigerator overnight. White crystals

were collected and the yield was about 0.22)9.

i

Mn(CO)ESnC]3%Q%258§2 - A benzene so]ution‘(10 m]}
containing 0.1068 gm of 1, 10-phenanthroline was added dropwisd to a
* stirring benzene so1ution'9f 0.249 Q Mn(CO)SSnC13’in a centrifugal tube.
The §hj;ing ¥e110w solid fprmed’immediately wgs'washed with.dried benzene °
. and ceﬁtrifuged:0;29 gm of thé fﬁre produé% was obtained.
. Other previously prepared six coordinate compounds were character-
jzed by~their'me]t3ng points and infra}ed,CO stretching fregMencies.

Mossbauer spectra were recorded at 110K° as desgrtbed in

Chapter f.
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. Preparation and Mdssbauer Studies

of Five Coordinate Organotin (1V)

N Acety]acetonates:-‘X-Ray Structure’of:
1,3-Diphenyl-1,3-Propanedionato)
. Triphenyl Tin (IV) - .

Introduction()

b S

It is s®n in Chapter 3 that Mdssbauer quadrupole

splittings for foqr, and six coordinate tin compounds are best

- described in terms of partial quadrupole sp]ittings (pqs) derived

on the bas1s of the molecu]qr orbital additive modeT1 It woula
appear that the same treatment should be app11cab1e to:the fVVe

coordinate tin structures. The p va]ue s (QS/CS) and the additive

trgatment1

isomer53’4. However, as Clark et al

have been-used to distinguish between,five coordinafe

2 have pointed ﬁat, the five

coordindte quadrupo]e'splitting treatment has been htndered by the

paucity of structura1 dada as well as the necess1ty of ass1gn1ng

g

part1a1 quadrupoTe splittings. to both ax1a1 and equator1a1 groups.

Re]at1ve1y little structural information has been avaﬂab]e6

v

for five coordination organotin (IV) compounas in spite of the fact
that a large number of these compounds7 have been synthesized.
Thus,. X-ray structures are known' for «just seven monomeric five co-
. _ 8 -9 I )
ordinate compounds: Me3SnC1(C6H5N) , [MeZSnC13J , [Me25n012],

-

.58
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t

2, | |1
, MeSnCH,COCH,PPh 2. Me SnC](52CN(Me)2) 3
14

‘ Ph3Sn0NPhC0Ph , where Me = CH, and Ph = CeH 5. In the above

"
MeBSnNOB.HZO

structures, all the.methyl compounds have the equatorial .configura-

_tion, whereas Ph3Sn0N?hCoPh, which has two.equatorial C-Sn bonds

and/ a 5}1ca1 C-Sn bond, has the less common all -cis structure.

Corre onding]j, the methyl compodnds have quadrupole sp11‘ttings2

-1

in a region of ~3.3 mm s~ (+ 0.04), where as Ph 3SNONPhCoPh

has a quadrupole sp]ittiﬁg'of -1.94 mm s ]]4

. With two oqugtives in mind; firs%, to prepare new five, .
coordinate isomeaf with g-diketonates; and second, to assig ctures
from ‘their quadrupole. sp11tt1ngs, a series of five coordydiizﬁfﬂypounds ‘

of triorgano R-diketonates’ of “the type M63SnL2 and Ph3Snl.2

[L2 = anions of acetylacetone (AcAc), benzoylacetone (BzAc) and
dibenzoylmethane (BzBz)] has been prepared and characterized. A
re]éteé compound, Ph28n01Bsz h;s also been studied; The X-ray
crystal study confirms thé@ Ph3SnBz$z has the all -cis configuration.
The Mossbauer quadrupole ép]%ttings for the triphenyl compounds

are consistent with this struéture and strongly suggest fhat . -
PhZSnC1 Bz has 'the equatorial structure and that trimethyl compounds -
have thé unknown mer structure’

“
.,
b

Preparation and Spectroscqpic-Studies

.1 o . - ) N
‘S A1l the five coordinate compounds discussed in this Chapter
15,16,17

were ‘prepared by use of the thallium salt method , which has .

been described in the previous two chapters. The products were

formed very smoothly via -the féllowing reaction.

[ 4
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b N, ,
Iy A
RySNCT + T1%2 a;h.RSSan + TICT 4 (4.1) C oy
where R = CHy, CcHsi L, ;.?-dfkétonates. .
The white thallium chloride precipitated immediately and the ',

desired product was subsequent]y:obtained from the solution.

The analyses, coTer, melting points; along with nmr
parameters and infrared Ven-c bands for methyl compounds are gfven
in Table 4.1. AN triﬁethyi compounds’ tended to disproportionate
‘both in solution aﬁg/;; the solid state. WhilekMeBSnAcAc and ;
Me3SnBsz were\stahle for saveral weeks, Me3SnBzAc tended to dis-

(2

proportionate rapidly, i.e,

2Me,SnBzAC - MeZSn(BzAc'B2 + Me,Sn

i . 4 w

This was proved in solution by the presence of Me4Sn (t = 9.9,

2 .
J“9Sn-CH3

Thus, a good elemental andlysis could not be obtained for Me3SnBiAc

due toejﬁgzépstability. Similar di§E;oportionat9§§Nreactions \ o
) “ P "
have been found for Me3Sn oxin]8 and C13sﬁhcAc]9. 0 Me,Sn signal ‘

= 54 Hz) in a benzene solution shortly after preparation.‘ a

was detected in the nmr spectra of Me3SnAcAc and Me3SnBsz shortly

after'prebaration;hbut their nmr spectra taken three months after

’ preparation were very similar to the correspaﬂhing diorgaentin

20. Thé triphenyl compounds are more stable than the tri-~

methy]l compouhds, although a really satisfactory analysis could not T

. . ~ e . ,
be obtained for PhBSnAcAC. . : .



The 1nfrared spectra of these compounds are very

s1m11ar to those of their corresponding six coordinate d1organo

21

v i ‘analogues For the tr1methy1 compounds , however, the mu1t1p1e

. | - - gnfrared Sn-C frequencies show that the three Me_groups are not ;
in e&uiva]ent positfons in the solid state and thatjthe two oxygens,

are not in axial positions. In contrast, trimethyl tin compounds e -

with C3v symmetry have only one Sn-CﬂfreduEhcy characteristic of ‘

the three Me groups. - | I ¢ ) //’ﬂ\\”

The n.m,r. chemical shifts and the coup]ing constants.

JllgSn CcH for the trimethyl compounds (Tab1e 4, 1) are character1st1c
3

. ~of five coord1nate tr1methy1 species such as Me3SnBr(Ph3P0)
. B P % -
- (° J1195n CH = 66 Hz)~ The fact that the three non equivalent

. i} methyls in tr1methy1 t1n compounds (presumably, two ax1a], and one

\ equatorial; or two equator1a] and one axﬂal) have only one resonance
signal.is nqQt surpr1s1ng, since s1m1]ar one peak resonance has been~
observed for Me35n3xihp‘and otheY_trimethY] Sn catiens®Z. This is
probably due to rapid intramolecular interconversionior intermotecular
interconversion procesées simi]e} to those described byfserpone Et_q123:

The three possible configurations for RéSnIZ‘compoqngs are:

- L " - R SR
. R~gn_ R Regn—L © prtn-b
. . ’ R/l'- B R/| | \L

L R
o N o e . im

where structures I, II, and IIIvarendenoted equatorial, a11-91§3

e and mer strictures respectively. Whén L, acts as a chelating ligand,
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. Table 4.2

~ TErrors are + 0.02 mn s,

. ‘, -
i ’ . Q‘.A y}_
Mossbauer Parameters {mm 71 at HOK)Jr

Y compound cs QS " Ref.
} Ve jSnacAc Cona2l '3.81 a
Me ;SnBzAc 1.13 3.69 . T a
Me.,SnBzBz 1.5, 3.86 }/ a
'MeQSn(Acl\c)2 1.16 . 4.02 ' 2

JTVRS‘Z'*&n(BzAc)‘2 : ‘1,06 - 3.87- a -
I“1_e;.25n(BzBf)2 1.18 4.0§ "a
. Megsn 131 e O b
: R . c' - .,4 AU

PhySHACAC £1.09 ., 1.38 a

PhSnBzAC " 1.08- ¢ 2,25 & - e
* PhBSn-B;Bz’ ; 1.13 2.25. / a
PhZSn(AcAc)Z‘ . 0.71" 52'07 iy . -

Ph,Sn(BzAc),’ 0.73 .~ 2.23 - aé
Ph,Sn(BzBz),, . 0.73 _ . 2.15 a
Ph,Sn 1.22 0 .ob
. -5 PN SnC1BzB2 1.1 2.61 PR ¢
L ? 8 5
1 ! 1

Line widths are 1.10 + 6,10 rm s™'.

“y? values for all spectra gre 005 & 40;‘&%500 degre_";s\off,fréedc)m'.

2 This work. _‘ b- References 1, Table 4.2

® ¢ -
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the mer structure can be achieved by either a monomer as III .-

’or a.dimer 1n which L2 bridges two}RBSn'mo1et1es. It is reasyh~ _dzo

able  to rule-qut the dimer; since the structural.data for |

.MeZSn(Acchz, CIZASn(AcAc)2?4, and Ph SnBsz reported in this

" study indicate tﬁ%t the d{ketonates do not act as a bridging ligand.

- Also, the steric requirement'of the che]atin@‘]iéand along with

the infrared evidence indicates»that structure I is very unlikely.

Hence structures II and AI1 are poss1b1e isomers of tﬁ’Ze compounds.
Mossbauer parameters for the tr1organot1n B d1ketonat°s )

along with their related spec1es are g1ven in Table 4.2, A Spectrum

of Ph3SnBsz is shown in Fig. 4.1. It 19\vmmEd1ate]y apparent

that the tr1methy] compounds hd‘% much larger quadrupoIe sp11ttIngs

than those of the triphenyl cpmpounds. Aﬂso the trimethy} conpounds

have similar quadrupole sp11tt1ggs to their trans dimethyl ana]ogues20

A\

wh11e the triphenyl compounds have similar quadrupoIe spI1tt1ngs to ‘t
l;the gls'd1phenyf analogues” . These results -are readily rathHQIIZEd

if the trimethyl compounds have the ggznstructure and,trtphenyi cOmpounds):
have the all -cis structure, To iIIQstrate Zhis, a rough‘ca]culation

'?f quadrupoIe sp]Ttt1ngs for.these: species h s\beeﬁ performed. In

rTabIe 4.3, assum1n925 that ‘the akial and equator1a1’11gands have the .
same partial field dradﬂents (or pdrtial quadrupo]e spI1tt1ngs) and -
that the five coord1nate partfa quadrupo]e spI1tt1ngs are given

~ by-the octahedral vaiues' ({Me} - 1. 03 m ™!, {Ph} = -0 95 s™1)

.

and. {L} = d, we ealculate quadrupole splittings for structures of
interest Tabjl\e}g 3, structure’ﬁ to ¥). ‘The resuIts in TabIe 4.5

show that these caIcuIatwnsg are ent1re1y -consistent with the sphttmgs

. ISR

observed if the trimethy] and the tr1pheny1 compounds are ass1gned

-

'

&

. . a
T ®1 . N ' » -
] 1 . s . 4 1 4 -

NI
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' 1. Exper1menta1 ' (—Tr} ¥

. : Y . -
the mer and the all -cis configurations respectively. - The

quadrupole splitting for Ph3SnAcAc is §u;prising1y small re]aﬁive‘

to‘itsvghalogous_compodnds, and cannot be‘raerohaTized\readi1y.

The quadrupo]e sp1{tt{hg)of Ph SnC]Bsz is consiéfeht with an “
guator1a structure, since the related spec1es, PhZSnC13 has a

similar Q S (2 60 mm s ]) © It is interesting to compare a series

of phenyltin compounds conta1n1ng BzBz (Tab]e 4, 22 . The centre

!
M

-7

shsfts 1ncreases,a5 the number of phenyl groups 1ncreases

of course, expected since the phenyl group is a good o dotfor.

s

’substant1a1 Lafrease in CS and QS From PhZSn(Bsz)2 to PhZSnC1EZBz ‘

>

cm1;m attr1buted to theﬁgfzf?ae in 55 character in the Sn- C nd

;as we]] as the 1ncrease,of C-Sn-C angle as described in Chapter 2!

Also, the CS for trlmetﬂyl compound% are 1arge compared with the

- triph y] ser1e§. Th1s result is in good agreement w1th the S

. . . LY <
char ter~serie526<der1ved for four coordinate and six coordinate

| L

The Crystal gtructge of (1,3- d1phen_y1 -1,3 ﬁropanedwnato)-

compounds.

Tr1phenyﬂ Tin (IV) .Ph SnBsz

b ’ .

v.? .
[

Yellow crystals of’Ph3SnBsz were recrysta111zed from .

fadry benzene., - A crysta] was séaled in a cap111ary tuBe " A pre1rminary '

photograph1c 6xam1nation of the zones h(D 2)2, (0- 1)k£ qnd hk{Q-1) « .~

showed the crysta]s to be monoc11n1c Systemat1c*absences of "h0%,

P .
%= 2n + 1-and DkO,»k = 2n + 1 Unlque}y 1dent1fy fhe space groﬂp—as-
P2 /c (CZh’ No. 14)27 Thefdensity was measures by flotation in a

1] ‘ .
mixture of nfpentaneiand carbon tetrachlor1de; The “observed density

‘/—a‘u




‘
co e . ¥

v ‘ ) ‘. . ) ’
‘ 3 - 68
N : 1 46(1) g cm 3, agrees well with the ‘cdlculated -value of .

1.440 g cm -3 assuminy f6éu¥ molecular units %n the cell. There

are no crysta]]ograph1c symmetry constraints 1mposed on the

-

mo1ecu1e The un1t te]] d1mens1ons, a = 13.216(5), b 9.443(4);,
2; 344(9 A, and 8 =.109. 42(2) , were determined by a least- ,
squares ref1nement of the angular sett1ngs of 23 reflections w1th

15<26<31 , centered on a fou;\e#flqe d1ffractometer with Mon

-

radiation (A = 0.70926A) at a temperature of 21°.
_— - r
BRI ~ For data co]lectTon a crysta1 of approx1mate dimensions

0‘;5/; 0 20 x=0.30 mm was mounted in a L1ﬂdeman( capillary suc@rfﬁat '

®

" the long d1mens1on, [010], was offset"from cohneamty w1th the

r

diffractometer sp1nd1e axis. w-scuns of a humber of Tow- ang]e ax1 1

reflect1ons showed an. average w1dth oF.0. 081' which was considered

&’
. acceptab]e 8 Intensities were recorded on a P1cker FACS-1 automatic

four-circle diffractometer, usiﬁb prefi]tered-{Nb foil, 0*\] mm) MoKe
N nadiat1on The take-off :;iée of 1. 60 gave 90% of the max1mum Bragg -

~1ntens1ty ava11ab1e for al{@aven ref1ect1on The crysta1.to countetr
' 2 . ‘. -
distance was 32.0 cm and the aperture was 4 mm'§quare. A1l reflections

o g L ' N fo ’ ‘ “ Le
in the range 1.5<ge<45? in the octants hke and hke were collected in
© 3 shells. N | ’
~ ¢ ) o , h . '

-JThe'M111er index range ‘'was -14<h<13, 0<k<10, and 0<f<24.

. The §-26 'scan technique-was used at a-scan rate of 1.0° per min, With .
. -8 -

"o a scan range of 0 g° s correc‘ll for depers1on Bdckground coﬁnts
¥ -, ' ’
: L were made for 10 sec with a’stat1onary crysta] and counter at the
i . / . . ®. .
,/’ ends of each scan Co1nc1dence losses were m1n1mlze4rfor strong !
S o
ST refTect1ons by emp}py1ng Cu foil attenuators.g~F1ve standard ref]ections;
! . } ; { ‘ ) B . |
F ) A . . . ]
. ¢ - » ) -
- A4 1
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*

; a (004), (004) (200),,(437), and (020) were recorded at ;\r10d1c

- . 1ntervals throughout the data col]ect1on process, as a check of
. y

machine and crystal stability. Only random fluctuations (+ 2%) »

. in the intensities of ai] f1ve standards were observed
7 . \ .
N A total of:3833 reflect1onswere measured and the récorded

..1htgnsities were corrected forﬂbaciéicund, Lorentz aud,po1ariza§iou

: ‘éffects. A standard daviafﬁon, o, was assigned to each.refiectioh
~. L éuchlthat,' a(l) = [count + 1/4(t Jt )z(b] + bz) + (pI) ]]/2
* where Iz=i60unt - T/é(bT‘f b2)(tc/tb)’ ;gunt ~ total count measured
Ve * in time t_, and by and b, are the. background counts each measured -
‘ 1n{time tb The 1gnorance factor s P» w&s 1n1t1a11y chosen as, - .
’ 0‘4/0229 A stat1st1ca} exam1nat1on of the standard reflection suogesﬁgd
v \ a va]ue of 0 013 was more-appropridte. In theéj/ia] cycle of least-

'squares rff1nement p was cho;Zn ag‘0.014:to give a va]ue close to o

1.0 for the,errcr'on an observation of 'unit weight. ‘

&

Absorption correction trialsao using u = 9.} cm showed«
! - B tra;au:§c1on factors rangwng from 0.888 to 0. 906 a- varlation of. ZA
| | No absorptlon corregtign was made to the data. Of the ~*3833¢)bservat1ons, :
2104 had 1>30(1) and were used in the so]ut1on and ear1y ref1nement of

W% the structure ) /

o ' 2. Structlre solution’and refinement
' Ihe'ppsitfon oﬁ'the‘sh.atom Wag 1ocated.from a thrée’

- diﬁensﬁonaI;Patterson syntfiesis. Two cyc1es of 1east—quares ref1ne-

N ' . : . ’
. . ment on F, .minimizing the funct1on Zw IF l-lF lIYZlF | 0.259 and
' (Zw lF | - {F 1) /wa = 0.296. The;we1ght, W, is defined as ~
. lw-;4Fo/0 (Fo)° S SR
- ‘ _" ’ g * "‘,". . ,—. . ", | . N | h I ‘—r




The atomic scattering factors for neutra1‘5n, 0, and

3]. whilst that for H

C atoms-ﬂ‘;e taken from Cromer and Waber
was taken- from Stewart et a132. Anomalous dispersjon contribu-

tions to the real and imaginary parts of the stricture faetor

-

were included for %n, the values used being thoie of Cromer and -

33

*  Liberman The other 25 non hydrogen atoms were located from a P .

d1fference fourier synthesis at this staqe Two cyc]es of nefxnemént ’J”#'J:
with the Sn the backbone 3toms of the propahed1onato 11gand a11owed

" to v1brate 1sntropwca11y, and the’f1ve phenyl rings defined as rigid

e

bgrqupg w1th D6h symmetry, C-C'= 1 392A

34 ~—
,» led to agreement factors

¢

~ Ry = 0.063 and R2=7(ﬁ083.A At this stage the non group atoms were
assigned anﬁ?otropﬁb'therma] pagamgters'and the pheny] group -C atoms.
§¢}en individual temperatureifgg%ors. "Five more cycles led to agreei

ment facto;; ﬁ = 0'050 and R2 = 0.061. .A difference fourier synthesis

revealed no peak exceed1ng 0.8 ¢ A and ev1dence for Epg phenyl H
atoms and the H atom of the propaned1onato 11gand was observed.,
to this stage. of ref1nement, ;hose re*]ect1ons with 1ntens1§y~greater

.théﬁ_3a(1)’héd been empiojede In subéequent cycles all reflections

with 1ntensitie§‘ I >20(I) were employed Thé"p‘ va1ue was adJusted o .

f « to 0. 014 Contr1Bﬁt1ens from the. phenyl H atoqi'were ca]culated “

-

“

assum1ng am,1deal1zed geometry w1th C-H = 1. OOA and ﬁ 4‘0A The-n
pos1t16n of HC(Z) the H, atom.of the propanedlonato 11gand was obta1ned

from a d1fference fourier synthesis and 1nc1uded in the f1na1 cyc1es

.

_of ref1nement, thoggt-not:ref1ned;. ith' B = 41 OA "
| . The conditions for the final cycle ref1nement were

(1) 2328 obse?ved;(>20(1)) ref]éctipns with p = 0.014 ;pd 115lvariab1es.‘




&

,10.99 electrons.

. 3. .Results and Driscussion . .

&

B - Es
(i1) the six non group atoms were allowed to vibrate
anisotropicaily. - . '

(iii) the phenyl ring atoms were refined as ‘groups with

individual tempﬁrature factors ass1gned to each carboq

atom, s S ~JP‘.

v T \“.,‘ o ~

included ih the structure faetor calculations.

‘v(fv)“‘hydpegen atom contr1but1ons from the pheny1 H atoms were .

(v) the position and temperature factor -of HC(; were,not

refined but included in the last cycle: .

w >

. .
M -

“iion of the observed and calculated structure facters, i

'Un&er.the§e conditions, refinement converged at R, = 0.05] and’

R, = 0.063. No evidence for extinction was observed. An examina-

»~

n terms

of magnitude, x_]sine, indides and diffractometer setting angles

. ' N
(x and ¢} showed no unuswal t¥ends. A final differenceg-
5%'(

synthesis -showed the Targest residual peak to be 0.

fourier

16)e A™3

at’ (-0.025, 0.0990, 0.4200), in the vicinity gf 3C(5), a phenyl ¢ -

atom. The standard deviation of an observation of unit

The structu%e consists of &iscrete monomers .
0

weight is

The shortest

1ntermo]ecu1ar distance’of approach is 2.42 A between, pheny1 r1ng

T~
hydrogen atoms bonded to 1¢(5) and 5C( Y. The distance

between pheny] carbon atoms” 1C(1) and ZC( 3) is tqe/shprtest

hydrogen 1ntermo] u]ar d1stance ’ L

.

2z

F1na1 pos tgonal paramﬁ;ers for the non- group

(3.80 A)

o

atoms are

given. in Table 4.4, Group Q}atom pos1t1ons are g1ven in Table-4. 5

and der1ved gtoup hydrogen atoms in Tdble 4. 6 _ The structere and

L3

¢ ! ' | _ Y

/ .
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Table 4.5

Phagyl Group Posbitional and /fhermal Parameters

z
.2182(5) 0.5771(5) 0.3281(3)
.2384(5) 0.6901(6) 0.3705(2)
.2365(6) 0.8283¢5) 0.3484(3)
.2145(6) 0.8534 (%) 0.2839(3)
.1943(6) . 0.7404(7) 0.2615(2)
.1961(6) 0.6023(6) 0.2636(3)

1855(4) - 0.2555(7)  0.2642€2)
08064) ©  0.2244(8) 10,2270(3)
L0590 (4) 0.1682(8) 0.1665(3) .
.1428(5) 0.1431(8) 0.1431(2)
L2479 (4) 0.1742(7) 0.1803(3),
.2692(3) 0.2304(7) 0.2409(3)

.1013(5) 0.2680(7) . 0.2944(3)
.0663(6) 0.3433(6) 0.4375(4)
.0076(7) Q.2828(9) 0.4620(H)
0469 (7) 0.1660(9) 0.4436(4)
.1151(6) 0.0717(¢7) . 0.4005(4)
L0624 (8) " 0.1328(7) 0.3760(3)
.5120{4)x . 0.1165(6) 0.4334(3)
L5037 (4) 0.0048(7) - 0.3765(2)
.58295) ~0.0457(7) 10.3700(3)
6777(5) . -0.0646(7) 0.4204(3)
.6946(&) © 0.0072(7) 0.4773(3)
.6151(5) 0.0977(7)  8.3838(2)

3063(5) | 0.4652(6) - 0.5b48(2)
:4,831(5) 0.4296(6) 0.6181(3)
.4987(5) 0.4995(7) . 0.6753(2)
627653 ° 0.6050(73 ©0.6792(2)
.3407(5) 0.6405(7) - = 0.6259(3),
L3251 (4Y 0.5706{7) 3. 5687 (2)




Atou

H1C(2)
H1C (3)
H1C(4)
H1C(5)
H1C(6)

H2C (27
H2C(3)
H2C(4)
H2C(5)
H2C(6)

R3C(2)

. H3C(3)
2 H3C(4)
H3C(8)

. H3C(6)

- H4C(2)
H4C(3)

* o HAC(A)

- H4C(5)
i © HAC(6)

Lo Ese(2)
. H5C(3)

HSC(4)
: ' H5C(5)
+ H5C(6)

.

X

0.2547
0.2512
0.2130
0.1783

4 0.1818.

_.0.0218

~0.0162 -
0.1278 .
0.3082

7 0.3446
0.0949
-0.0332
~0.1009
~0.0405
0.0876

0.4351
0.5703
0.7338
'0.7623
0.6271

. 0.5344
0.5608
0.4383

' 0.2894
0.2630

.
.

<

e

e

Table 4.6

y

0.6724
. 0.9096
0.9524
0.7580
0.5207

0.2426
0.1452
£0.1017
0.1555
0.2530

*0.4409
0.3385
0.1056

L 4

"'0- 0?‘09

©0.0775

0.0589
-0.0967
-0.1297
-0.0069

0.1487

0.3548
0.4747
0.6555
0.7164
0.5965

4

LW

%:

IS

0.4167
0.3785

‘0.2677 -

0.1951
0.2333

0.2436
0.1397
0.0997
8.1636
0.2675

0.4506
0.4523
0.4606
0.3872
0.3455

0.3404
0.3288
@.4152
0.5130
0.5246

0.6153

‘0.7137

0.7203-

. 0.6287

0.5303

Derived ?henyl Hydrogen Atom Positichal Parameters’

.

B(A?)
4,0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0

4.0

N Y T 'S
'O ©0 o © o

PO N Y T -
. . . . M
S O O O ©




Table 4.7 . o Lo -

Selected Bond Distances (A) and Angles (?)

-

Coordination about Sn

)

b)

»>

.

Atom~ | Distance (A) " Atom Angle (')\\{
sn-0(2¥ ¢ 2.276(7) 3c (l)l—sln’-o(l) 111.0(3)
Snlbrl) 2.094(7) 3¢(1)~Sn-AC (1Y 154.1(2)
Sn-3C(1) ti49(7) 1C(1)~Sn-0(1) 120.1(3)
Sn-2C (1) 2.180(6) ' 0(2)-5n-2¢(1) 163.7(3)
. Sn-1C(1) 2.181(6) O(ZB:SanC(l) ) 84.5(3)
.. 0(2)>Sn-0(1) 78.1(3)
/// “0(2) -Sn-1€ (1) 85.0(3)
2C(1)~Sn-1C(1) ~gg.3?2)
2c<1y-5n—0(1§ ‘ 86.2(3)
20(1)-5;;30(1) 105.5(2)
The chelating(ligand | * '
' ;(2)-C(3) 1.260(11% $n-0(1)~C(1) _ 135.3(6)
c(3)-c(2) 1.392;13; o(%2~c(15-C(2) 125.3(9)
c(2)-Cc(1) 1.365(13) C(1-€(2)-C(3) 125.519) -
c(1)—o(13‘ . Moy c{2)-c(3)-0(2) 122.6(9)
7 q;4un4n 132.1(6)
c(3)-5¢c(1} 1.499(11) 56(1)-C(N-CQA 121.3(8)
€(1)-4c(1) 1.512(11) 5C(1)-C(3)-0(2) 114.1(8)
. 4C(1)-2(1)-0(1) | 112.9(8)
C(Z)-HC(?) 1.09 g{ 4C(l)—C(i2;C(2) 121.8(8)
. ic(j)—c(é)-HC(Z) 122.3
C(1)-C(2)~HC(2) 111.3
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1

labelling scheme of the atoms is shown in Figure 4.2. The
coordination sphere of Sn, showing,relevant bonq;distances and

angles is shown in Figure 4.3. -The structure of the chelating -

" 1igand is also shown'in.Figure 4.4. selected bond distances and

angles are giveh in Tahle 4.7 ahd some least-squares planes in

Table 4.8._ - & ' e

The coord1nation about Sn s essent1a11y tr1gona1 bi-,
pyr1m1da1 0(2) and 2C(1) occupy axial positions, while 1C(1), “e
30(1) and 0(1) occupy equator1a1 positions (Figure a. 2) The most.

obv1ous departure from an ideal geometry 1s caused by the positions”

of the che]ating oxygen atoms. The axial Sn- 0(2) distance is ! _
2. 276(7) A whilst the equator1a1 Sn-0(1) distance is 2. 094(7) A v >
‘These bond d1stances are s1gn1f1cant1y different " The axial oxygen-‘
tin-axial phenyT ang]e, 0(2)-Sn= 2C€1), is 163. 7(3)° - far removed
from the expécted value of 180° but equal- to the m of the
0(1)-5n-0(2) angle (28.1°) and 0(1)-sn-2C(1) angle (86.2°). - The - ;
‘Sn-C' distances to the pheny] rings are sn-1C(1), 2. 181(6) .Sn- 36(1),
2.149(7) (both equ;tor1a1) and Sn- 2C(1)*\? 180(6) A (ax1a1)
Although the two Sn-C (equator1a1) distances are d1fferent no chemical
s1gn1f1cance can be attaehed to thi; factl.” ‘yoreoyer, it is not
conc]usive'that a‘lengthening of the Sn-C zaxtaT) bond relative to
the Sn-C (equatorial) bond occurs in this structure. However, a]ong

14,35 \
A the d1fference (0.04 A) between the

with other X-ray evidence
axial Sn-C bond and the average equator1a] Sn-C bond is probably

significant. Details will be discussed in the next chapter.
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' resu]t is in accord with the argument

>

¢ . . & . e ' . -

. -~

o - A_serfes of 1east-square planes has been}caIcu1ated )

and is shown in Tab] 4.8. The.four atoms"{n the ‘equatorial
plane Sn 1C(1) 3¢(1), and 0(1) are situated such that the sn
atom fs be]ow ‘the 1east*squares_p§ane on the side of the axial
'phenyl ring, ring 3, by 0. 20 A and the ;ther three atoms, 0(]),
30(1) and 1€(1) are, respect1ve1y, 0.07, 0.0% and 0. 07 A above :

the plane, A s1qp1ar s1tuat1on has been observed in -

| b 12, glxe
Ph SnPhNOCOPh » whilst in Me SnC](SZCNMeQ the Sn atom }s abave

the 1east—squares p1ane on the side of the axial S linkage. This
.37

more SS tin character Thus; the presence of an ax1a1 pheny1 group

[

increases the S character in that bond and opens the C(axia]) Sn-

. C(equatorial) angle. . L S - \\

* The bond distances and bond ang]ejrfound in the 1,3- -
dipheny1 1,3-propanedionato ligand are comparable with/those found

.

in a series of solvated comp]exes of alkaline earth meta]s and

38-40

chelating 1,3- d1phenyl -1,3- propane -dione The 1igand geometry

is a]so not s1gn1f1cant1y d1fferent from the observed geometry of .

41 42

the uncoordinated ligand in the enolate form The two pheny]

that: the Sn-C-bond requires

L]

substituents, R1ng 4 and R1ng 5 are approximate]y'coplanar uith’tﬁer

plane of the che]ating 1igand, Ring 4 making an_angle of 6. 60 and
Ring 3, 3 9% with this plane. ‘

Th1s is in contrast to the series of cemp]exeslstud#ed
by Za1k1n et a] 1n these compTexes the pheny1 rings subtende¢'~- .

ang]es from 5.6 to 47.6° w1th ths plane of the Bg-diketone.

L] % .

80, -



A . B Cc

8.454 6.705

]

LY

1.031 3.650

2z ".

Ca D

. .
-4.703 0.9785

-8.220 ¢ _ 0.117

12.032 W78
. -li656 -0.188
-10.372., 0.781

-7 S
, - . .-
* -
b ‘ o
. VA Table 4.8
& N . .
a) Selected Least-Squares Planes
: =’ Plane Atoms in Distanqe,ffom~
. X ’ Plane > Plane (A)
v 7 1. s ~-0.061
o) 0.073
]
IR ¢ § B 0.016
J P G 1 ¢) ,=0.052
. , ) <
CooQ) 0.044
PR 2 “sn -0.205 °
v - . o
S , . ".0(1) 0.066 '
. 3c(1) %.067 -
/ ) : l1cQ) _0.072
:3 . ’ ¥ ° - W
I The equati?n of the plane is Ax + By +Cz =D ¢
T - o . ': - ; .
42” ‘ b) . Planes through the phenyl rings
0 . T
Plane Ring A : B
< - B
\.‘3' 1 130086 -0- 577 i
A J -
4 2 v - 0.322 8.723
M . ’
5 3 6.976° -3.635
o £ , >
, -6 ~_ 4 7.333°  7.194°
/' = - ‘ 9
) - \\' 7 ~ . 8 9.021 6.479

c)

P

.of ring N.

l'.calcu;l.m'.éd using th

>

Interplanar angles -

Planes

2, 3
.2y
C T,
/. * 3,

y I

LY N}

1,

oW

e positfons'
1Y

Angle

.80.21

& o

" 53.95
89.51 «

50.10

o

3.73

2£ atoms NC(1), NC(3), and NC(5)

D

,_"l

+10.953 0.3800\
/o

(8\7 8.423 -

i T



' It is now poss1b1e to'tompare the structural features
of'the compounds of the type RZSnL L,L ?0 13, ]4(F1gure 4. 5),.

'csince four X-ray structures-are now Aava11ab1e. A set of relevant

Lt
“

structural parameters is given in'Table 4.9 for comparison.

LY

Severa1 1nte(est1ng features ar1se from these parameters.
s

. The most important ones are

.“' 1. that all thé structures have essent1a11y tr1gona1b1pyram1dal
geometry‘(see Tab]e 4.9, parameters 6, 8, 9 and 15).

f' ' 2“k that all the structures are distorted either axially or
: equator1a11y (see parameters 7, 13, 14, and 6).

A ]

3, that the equatoria%’d?stort1on is refTected by the C-Sn-C

. o ang]e “n absence of steric constraints (as in Me,SnC13) ‘
& while axial distortions are 1mposed on the complexes by
'; - - o steric requ1rements of che]ates, i.e., the smal]er the bite
L (parameter 7) the larger the distortlon (parameter 12).
o x
¢ . .4, that the Sn- L (axial) bond is sign1f1cant]y 1onger than the
: . Sn- L2 (equatorial) bond (parameters 1, and 2) in contrast
. v to the 51tuat1on in SnC] : ) e
The above structuraT featureg are readi1yirationa(12ed
in tertis of two factors, the steric requirementiof the 1igand; and
S . the's character in the C- én bonds (Bent's rule). )
‘ In MeZSnC1 complex na steric restriction isfimposed
‘, A g énﬂgheellgagds The §‘character in C Sn bonds tends to max1nﬂze .
& "‘.” . by expanding the C-Sn-G ang]e This is consistent with the observed

angle (140 ) and with the shorter Sn~C1 (eq) distance compared with
the Sn-C] (ax) distance In MeZSnC1(SZCNMe2), the axial distortion
due to the. stér1o requirement of}the 1igand becomes apparent. The

~

3
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. Figure 4.5

o : . .

Structurelof stnL]LzL'

. IR . S L_1 l

oy ., R=Me,Ph
' “ s ‘:' A » j
T T . Lys Ly = Cl-or ligands containirfy
: e ..

: D - 0, N, and S L
' ' ’ ‘ * * -

L = Ph; Cl .
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;-

' . angle subtended-at the Sn atom increases as the 'bite' becomes

larger (i.e. from a four membered ring in MeZSﬁCT(SéCNMeZ) to
‘a six membered ring-in Ph3SnBsz§ The Hecrease in $ character

in the C-Sn bonds in MeZSnC1(SZCNMe2) is reflected by the |

C- Sn-C angle (]28 ) apnd a longer Sn-C d1stance (parameters 4 5

\

Tab]e 4, 9) Th1s s also cons1stent with the presence of the
gless e]ectronegat1ve sulfur. (compared with Cl) The sub§tant131
1engthen1ng of the axial Sn S bond in Me25n01s CNMe2 and the axial
- Sn-0 bonds in tr]phenyl compounds is expected; since a d1rect over~

lap of the L, valenge orbital with the valence Fiybrid of Sn is

very un]'ikel_y44

[ 2
/‘ |

. The tr1pheny1 compoynds, Ph. 4SnBzBz and PhSnPhNOCOPh,
have an axial Ph- s bond whicg takes up some Sn S character and
reduce; the S eharacter in the equetoria] C-Sn bonds and eventual]y
reduCes the C4-Sn-C, ang1e-(Figure 4.5) to almost normal (120%). It
is surprising that the C,-Sn-C,-angle in Ph,SnPRNOCOPh is less than

.120%. This result is not_readily-rationalized. .Crystal packing’ forces

i
are perhaps one of the factors14

~

»
-

It is clear, that the steric requ1rement&,of the 1igafd
and Xhe s character in the Sn—]igand bond determ1ne the structure of

'RZSnL 4L, (F1gure 4. 5) The steric requirement determines the axial

37

T d1stort1on whﬂle Bent s ‘rule governsuthe equatorial distortion.

.“‘
However, the present uncerta1nty is whether the substitution of a

L | B -
R group (i.e. L“ = Me or Ph) would lead to a all-cis structure as
in Ph3SnBsz, é mer Structure as in Me3SnAcAc, or a tetrahedral
' . L)

structure as in Me3$nSZCNMe4O. : o
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 were preba}ed by established techniques

¢ -y

86

-

- "Experimentag S, N

The six compounds in Takle 1 were peepared under dny ‘o

Y

nitrogen using the thallous salt metbod1 which has been

previously de§cnibed. The thallous Salts of the acetylacetonates
16, 17 and'the purity of\

‘these reegents were .checked by me]ting po1nts Tne organotin
\compounds were prepared by - adding Ph SnCI a e35n61 in dry benzene
to the stoichiometric amount of the thallous salt in benzene
Tha111um chlor1de prec1p1tated 1mmed1ate1y ‘

| Except fqr MeBSnBzAc, the solvent das removed from }
the filtrate under bacuum. For Me3SnBzAc, soHVenb was removed by
evaborating the benzene solution in a g1ove bag. filled with N2
The crude products were {ecrysta111zed 1n warm benzene with the
add1t1on of a sma11 amount of petroleum spirit. The yield for a11
compirnes was greater than J0%. .

“The breparation of Ph3SnBsz is described here as -an

exanple sinte all the compounds are ‘prepared by the same method.

T

7

(1,3-d1pheny1-1,3-prepanedienatg)trjphenyltin (1V)
PhaSnBzBz. -.2.1 gm. of Ph,SnCl was added  to a 30 ml. benzene solution
containing 2.46 gm. of T1BzBz. The soTuiien’nag'stirred for ~30 minutes.

The ‘white precipitate T1CI was'discardeq. Benzene -was removed from

‘the yellow solutiori under vacuum. , CryStalline Ph,SnBzBz was obtained

and recrystallized in benzene in presence of a small amount of

petroleum e%hen The yie]d was ~2.1 gm. K

Physical data and chemical analyses for a11 the comp1exes

are a]neady given in TebTe 4.1. g ' Z\\\

-




. 8%
» o .
< ' Infrared spectra of nyjol mulls were taken using a
Perkin Elmer 621 spectrometer. N.m.r. spectré:were taken in
- "+ . benzene at room temperature with TMS .as standard using T60 and

- ¢

.-

HA 100 spectrometers.
; . Massﬁéuer ifectra were obtained using a 5 m Ci BaSnQ3
source at room temperature and an Austin Science Associates

spectrometer.“All‘absofbérs~were at 110K. ‘*Spectra were cofiputed

-using standard procedures dgscribédijn Chapter 1.

-
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"~ CHAPTER 5 . 3
RS ‘

ADDITIVE MODEL FOR M6$SBAUE§:QQADRUPOLE

SPLITTING IN FLVE COORDINATE ORGANOTIN COMPOUNDS

. t :‘,_.

L

for cat1on1c organot1n (IV’ compiexes™?®

Introduction . ’ .
| g . Although the‘aoplication‘of the additive mo&e]1’2’3 \

“outlined”in Chapter 1 for .!1°Sn Mssbauer quadrupqle splittings,

has been demonstrated Jn Chapter 3 for fbur and.six coordinate
compounds the d1scﬁss1on 1n‘Chapter 4 indicates that there are

difficulties 1f one applies the same treatmenf for the qued-

,'ruoole sp]ittingS'fh five coordinate 9rgaqot1n {IV) compounds. . " -

However, the Mossbauer data for five coordinate organotin

'acetyIacetonates4 and the recent]y reported quadrupole sp11tt1ngs

5,6 of. the type

[R3SnL2]BPh4, and [R28n14]BPh4, together with & regression ana]ys1s7
enable one to overcome the difficulty in pqs assignments In this’
‘chafter, the- theory of the regress1on method is d1scussed in detail.
A1so pgs parameters for many . commonly occurr1ng 11gands are derived 1

and then app?ied to problems 1n f1ve coordinate Sn (IV) stereochemistry.

Since the quadrupo1e coupling cohstant ratio for the

~‘195n and 121sh Mossbauer resonance in.¥soelectronic and isostructural

compqunds/is @elﬂ establisheds’s,"pqs parameters for the orgaro-

*

antimony (V) C?stem can be easily deduced. These values-are usgd

91




.beTow.

splittings - [2 e Qq(] + 5 3 n

. R . -

\ 953

[N

~ to discuss the structures of five coordinate organoantimony (V)

compoundsg.' : . « : )

» . . . -
s

E : : |
egress1on Method - ’ . ¢

« The quadrupo1e sp11tt1ngs d1scussed in‘this study are . -

- given in Table 5.1 wheére compounds (1) to’ {19) are six coordinate_
. Wpereas campounds (101) to (108)} (201) tg (203) "are their

‘corresponding five coordinate analogueé. These values are used -

for the regrgssion anaiysis.'(The rest,are used ferderivation of m;
pqs Vh]ues .The st?uctufal assignments'are giéen in Figure 5.1
together with RZSnL3 1somers and are supported by\X ray studies -' N

10 and II4
4,6,

for 1somers 1

.\

for 1somer III

s and by other spectroscopic evidence
Y Magnetic Mdssbauer speptra at 4.2K and 60 K
gauss for all-cis- Ph SnBsz and mer-[Me Sn(b1pyo)]BPh4 (F1gure 5.2)

'were taken and computed at the P.C.M.U., Harwell. The data~,

(Table 5.1) g1ve three regress1ons shown in F1gure 5.3 and discussed

S

It s convenient that the .}!°Sn M8ssbauer quadrupoie.
2)1/2

a

in mm s ] in trans-R oSnLys
equator1a1 R SnLZ(I in Fig. 5. 1), all-cis- R3SnL2 (II), and _
mgg:R3?nL2 (I11) are J%poted Ab"AI’ Apys and AIIIArespectyveTy.
By use of the method introducéd in Chapter*1 (Table 1.1, and egs.

(1.13) to (1.17), one corre1ates AI with'A; and obtéins egs.” (5.1)
and (5.2): ¢ .. = , o ) .

1y . s,



'

Isomgré of Five Cogrdinate R3§nL2<and R,

*

Figure 5.1

2 .

SnL3

93




L |
'Codé no.
(1)
(2)
(3)
(4)

#

A

_ Table 5.1

.. '19Sn Mossbauer Data use

-‘- .

~

4 aﬁa Calcula

LN

4

‘Compound _
:[MEZSH(Ph3PO)u ] (’Bphu )2

) v[Mezsn(HMPA)¥](BPhu)z‘
* [Me2Sn (OMS0): J(BPhy)z _

[(alkyd)25nC1;02"

[Mez Sn[( Ph 3A'S\qx).u ] (BP‘hl;. )

[Ph, Sn (DMS0). J{BPh )
(PyH)z[P?zSnCl;]

~
S

\[Me?Sn(oﬁo)z](BPhu)g _

" [Me2Sn(diphosb),1(BPh,

[MeSn(0As0) 2 1(BPh. ) -
[Me2Sn(bipyo)2](BPhy )2
,MgéSn(AcAc?a
Mezgn(BzBi)z
Me.Sn(BzAc)2

- [PhzSn{opo)21(BPhy)2

Ph,Sn#xm )2

. Phy (Bzﬁz)%

PhzSn(BzAc)2 . .
(alky1) 25n{oxin) 3.
. N

§

>

TMe 3Sn(Ph;P0) . ]BPh,

4

' Structdre

- trans-oc

2

)2 . H

.‘.

.

t

in Regression Analysis
tion of pys.Parameters
< \

g»’
.

Refs. Qb;. st
2 (185
a (+)4.58
. a ' (+)Q.52
b etz
a T (4)4.03
a _(*)4.30\u
c. i(+)3.§6 ]
‘a (+)4.50
a2 CTN)4.38
a (+)4.08
a (+)4.00 h
b,d * 4.02
d + .08
d +3.87
. a (+)3.78
0,p -+ 1.64
d (-)2.15
d (-)2.23
0,p " +.2.00' .
C ’
q (-)3.87
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Table 5.1 continued... ~ _ - o »

< _— -

.o B A
e ¢ 1 1/2e qQ( ] 2)2 in unxts of mms 1. Va]ues are unWe1ghted averages,where
appropriate,of measurementsjét cd 8Q°K. where no measured. s1gn is

! -

) ava11§b1e, the add1t1ve-mode1 predicted sign is g1ven in parentheses.

“a. Ref. 5 b. Average,of values }n Ref. 3 c.B.N.Fitzsimmoﬁs, N.J.Sé§1éy
YL and A.W.Smith, J.Chem.Soc.(A), 143,(1969); . . o , ’ls'

d. 6.M.Bamcroft and T.K.Sham, Can.J.Chem. 52, 1361, (1974).

e‘ R.C. Po11ér ;né J.N. W Ruddick, d Chem.Soc. (A), 2273, (1969)
| - f. Ref. 4 g. G.M.Bancroft and V.G.Kumar Das unpublished resu1ts
\\\7 . 7h. Ref 17. i. J.C.Hill, R.S.Drago, and R.H.Herber,J.Amer.Chem.Soc.
| | 91, 16443(1969). j. J.Nasielski,N.Sprecher,d de Vooght,and S Lejeune, -
J.Organomet. Chem. 8, 97, (1967). k. Ref. 19 and R.W.J. ' nd J.R..S'ams,
- . Can.J.Chem., 5§; 71, (1970). 1.N. Bertazz1, G.Alonzo,R. Barb1er1, and -

~ R.H.Herber, J.6rganomet.Che. , 65, 23, (19%4). m. QPoder and J.R.Sams -

J ' J.Organomet.Chem. , 12,-67 (1969). n. J.R.Sams.in MTP Internat "Rev

Sci.Phys.Chem.Ser.1, V61 4( magnet1c Resonance ed. C.A. McDowel]) p 85..

— 0. Average®of values co]lected 1n P.J.Smith, Organomet.Chem.Rev.A * -
P ‘ -* 55 373, (1970). p., Ref. 16 q. G.M. Bancroft V.G.Kumar Das, T.K. Sham:
. / and M.G. C]ark J.Chem. Soc Dg]ton, submi tted. rL/B;A.Goodman and N.N.

Greenwood,JChem.Soc.(A),ﬂ1862,(1971). s: Ref: 13. v. B.A.Goodman
N-N.Greeawood,- K.L.Jaura, dnd K.K.Sharma J.Chem.Soc. 1865,(1971).
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.described below:
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py =-LORY™P2. (L3FP2)/ (1T, (1300 + [41RITP2 - 3(R}™e]

':;" ; . ' . f. L - ‘ (5-1)
- v \ ' B " - . . -
AI,=" [(cRﬁPa - th a)/(dRoct - GLoct)]Ao ~ Lo
- 3-e2|01(1 - R)‘<r§3>p (o tha~, o tbe) (5.2)
5 R R
. y
4

" where {L}, and o subscrip;éd parameters etc,'ake defined by

eqs (1.12) to (1:17). The.derivation of, (5.1) and (5.2) is

-
s C

Sincg K . |
. 4{L}“’"’ 3Ry e ' Y(5.3)
s SRI%CE L gqy00t : (5.4)

eq. g(5~,-3ll‘eq- (5.4) gives

4. SURt |

O _aathe Lo smtbe (5.%)

- %o " ARYOFE - 4110 o
u

5.

If we add @nd subtract a{rytba

to. and from the. numerator
L ]

’respect1ve1y, rearrange the terms and then mu1t1p1y A, to both

’ substitut1on of {R}tbe with e’ IQI([R]t

where [R

“

“where m(R,

sides, we then obtain eq (5 1). ‘ Eq. (5 2)

]tbe etc are: Uef1ned by eqs

disclssion, egs.




. constant there shou1dbe a linear regre‘F1on

_cept. The ]1near regression'ﬁs confirmed for the

| 99
Ay = - w(R, L)a, * g , (5.6)\

If R is fixed and L varied then, proyided M(ﬁg/;) is roughly .
etween’ A, and,Ao.”
Thus, -m(R, L) corresponds to the s1ope whereas A, is the inter-
§2ven‘po1hts
Shown by f1]1ed c1rc1es in F1gure 5.3.‘ It~js 1mportant to note

<

that m (R, L) is approgximéte]y a constant only when Qg > 9,

(this is in-fact the case); \s positive, and Ay s negative.

o \ N ) a -] . . N .
« Ay =-"0.932 4, + 0.526 T s (5.7)

T ’ ":‘5‘ ; ‘. a - L. .
It is not surprising that the ratio m(R, L) should be

s

¢ - - \ . " .
approximately cpnstant, since h oct amd h tba (Ref. 1) are similar

in form, and become equa1 if e-in h tba takes the value 54044' .
' "(qu, (1.15){'(1.16». T o ~ .
' ihe'intercept (& ) at =9 1s-the QS of the hypothet1ca1

4 .
spetiés'R Sn-. Since the pgs due to PQ and alkyl are distinguishable’,

1f thé two points with R = Ph gretremoyed,ﬁtﬁe regré%sionfbecomeS'

eq (5.8) w1th corre]at1on _

" . ] . M " -
B = - 0.904 A, +0.387 mm s _ (5.8)
coefficient r = 0.972. . It is app‘gg;t that thé in;ercept'is much more
sensitive than the slope to small chariges in the data since there is

a change of only 3% in slgpe bdt’ aont 30%‘1n 1nteﬂcept

To express AII’ AIII as a funct1o o -1s 0ot _&n easy
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) : ___/-".."
matter, since n # 0 in these structures. The principal( 0 ’ .
combonents of the EFG tensorsz’ L for isomers (II) and (III)
are ngen by eqs. (5.9) to (5.14).
. VX*II/E - . [R]tba _ %{R]tb?.-'[L]tba + 2 [L]tbe (5.9) - \
- II, . roatba , 5ppqtbe tha ', -tbe . .
~ Vyy /e = - [RIP% + JRI™E - 12 - 1™ 5.10)
o* h . .
v /e = - 2[RI + 2rr1™e - %[thbf. (5.12)
I § ¢ tba tbe , 5y, -tbe
= - T - + R
Vyy /e | 2[R} [R} ] E{L] . (5.13)
0 < .
~ ' . .
In general, AIIZ and AIILZ can be expresséf-as quadratic functions’ -
%& Af Ay Bgs and 6 where AL s the QS of hypdthetical [San], is given
by (5.15). . ‘
- | | R
| " -3,
R R S SIS

»

However, all ava1]ab1e data are such that IA | (~4 mm s ]) is Very

. . - *
much greater than IARi and |4, ] (~0.5 mm ﬁf ) Thus the exact
expressions for AII and AIII in terms of A R R’ and AL, calculated .

by symmetrized parameters (Chapter 1) ard the fo]lowing relat1ons

(eqs. (5.16a) to (5. 16c)) are ' \\\\
“mytha o 1 o tha : ~

- Im(R L) Ay ¥ {L} (5.16a)
1 - a) + -{L}tba . y (5.16b)
3 (g ' -

",

{R}tbe



the _ 1, . 4 (tha :
witbe < 1y &y | (5. 8c)
, R
shown in eqs, (5.17a), and (5.18a). One must remember that

{ry 402 =-%'e?Q([R]tba - [X]tba)’with [X]fba:beingvzero‘qonverts

..field gradient to partial quadrupole splitting. To the first
approximation egs. (5.17a) and (5.18a) can be linearized by
-applying the binomial theorem and negletting tefms.of second order
. : o 2 1/2 N P 3
in (AR/AO?’ (AL/AO), or (ARAL/AO) to give egs. (5.17b) and (5.18b).

Therefore, the variation in 4 with the L encountered i;mBracticg

/ -

is: ) - 3 | . - .

IAH'I = %{l%(m 2 )% = gma olp + SmA A+ 7A§ - 2808 i‘éAszl/z (5.17a)
. . ‘ ‘
- 413 S © (5.17b
- Do, Lz - TAR+37T§AL < ‘ 17b)

S o ‘

B0l = 107(m 8 )2 - - 2m b + Tama oy + Ak - 2 b+ 7881172 (5.182)

111 3 0 oL L
<o, Ual- gy +Fe T 0 (sas)

. . r .
too small to cause noticeable non-linearity. in an R-fixed, L-variable .

' regress\on

>

1>’ Only the magn1tudes 'QIIJ and IAIII[ are cons1dered because

. the s1gns of AII and’ AIII cannot be firmly predicted when n is large,
\klﬂfe then only a sma1] change in the relative magnitudes of the -

principal éomponénts of thé Eﬁﬁ may cause thg Principa] axes té be .

perﬁuted, 1e;d1ng to awchaﬁﬁe 1n'tbe‘sign of the Efé. -ChdgEEEYOf .

this kind arise for examp]é. becaJﬁe of distortions féom 1qFa1

geometry. Thus whereas [Me,Sn( b1pyoﬂBPh4 has e qQ negative as’

pred1cted by the additive model ,- Ph3Sn(Bsz) ‘Ph SnPhNCOPh 12 and

-

. . - R ‘ /
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.Ph35n(oxin)]3 all have riegative equ, contrary to éqditive=mode1

Co %’
predictions. ‘

Rébressiqn Tines fér éompounds'as§}gned to structure . (1I)
(crosse§ *n\Fig. 5.3) and structure (I11) (open circles) are given-

by eqs. (5<19) and (5.20) with c&vﬁé]atiﬁ? coefficients r'=V0$992

-

and r = 0.914, respectively. o : e
|agl=0.448 |o | +0.283 - s (5.19)
| . e \ _
{ Ingpph = 0712 I8, + 0,868 st (5.20)  _ -

/ * - »

If the point (Ph, opo) is excluded from the regressjon for (III) it
- " beconfes eq. (5.21) with r = 0.881. ° From egs.. (j8), (5:19), and
Q’ a
(5.21) the

©

|A

. . ) - ‘
rrql = 0657 jas| +1.103 Y 57! (5.21)

a

magnitudes of the observed slopes dre in the ratio 1:0.503@173 in

.reasonable agreement with the thébretica1 values 1:0.60:0.88 giwen’

by egs. (5.6), (5.17) and (5.18). o BRI

As mentioned gboye, the values fo; theintercepts at
A, = 0 are ratﬁgr less accur!“l!han the- stopes. Nevertheless, the
. ;egressions for (I) and IIII) clearly imply that poth Ao and 4 are
pésifivé. {ﬁ the case of A this is éaﬁtrary to preQipusly-he]d
opiniong; % that A(SnC15') wou1d prove to be‘negétive.‘ However; Pqs
values deduch on @he'gsu&métion that AL is positive Jéad,fo a con-
sistent interpretion of *sn quadrupole coupling Eziifanﬁs-

hJ

RN

&
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Finally, <it must be pointed out that;AI, Brys 213

~and. &3 have associated with them experimental errors and errors
- L - - ’ . \ 'j )
- . from.deficiencies in the additive model. The total errors are \~

«

regarded as pseudo-random and are~q§sumed to be the same for}é]1

) variables, and the regression 1ing§ calculated above &are ortho- o -

- . - o Y

. J gonal regression ]ines‘s; Detailed error analysis treated e}se-
’-—. . - . L3

where6 supports the validity of these correlatfons..

—~
. »

. _ !,,"1/
. C.  Partial Quadrugp]e Sp11tt1ngs for Five Coordinate 119Sn LJV)

. Ihe part1a1 quadrupo]a sp11ttings can new be der1ved for
11gands based ) easurements of either (scheme A) %qs (5 22),
(5.23). or (scheme 'B) & (5.24)-and (5.25), ﬁ,gre X'is a fixed .

~feferenbe Tigand. = In agreement with Réfl\é, we favbrlschéme'A with

X = €1, -Br: and [x3tb2 = o, S ‘
. E ' ' .
) {Lytha - ; ?'rQI(fL]tba S (s22) -
- . ‘ {L}tbe' = _;_ eleKtL]tbe _‘%[X]tba) i (5.23)\
Nt -=¢% e JakLI™? - X1 - (5.28). ,
1 g

=5e IQI(EL}tbe - [x]tbe)a E ' (5.25)

e

*’1 The “importance of esfabfish?ng representative pﬁsfvalues
(j- . for the key f(eQuenf1y-qccuring:alky1, phenyl, qnd Halogen 1igands )
has-alreadyzbéen emphagazédl. Since {X}tba = {Ci}tba = {Br}tba =0

tba,‘{R}tbg;

" by definition, we have to determine values of {R}

(R = alkyl and Ph) and-{X}

tbe . * : . 1 o
. Mossbauer data are available for
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w1th n =0, 1, 2,°and 3. In all cases the a]kY1A
10 '

(alkyl) SnX5 -n

/  groups occupy equatoria1 positions Thus goqﬁ representqtive o o

values for {a1ky1}tbe and {X}tbe, together yipﬁé‘errbrs‘ measuring

the discrepaﬁcies betweeﬁ'thbory and 6bservation? may'be oStained

* bi calculating the best Ieést-sqp;res soﬁution’o% éqs (5.26)’tp -
< (5.29). The left-hand sides of egs (5.26) - {5.29) are additive-

model

+3.39 e (5.26)

the - 3.4 (5.27) - *

- 3(rytPe

/7{R}tbe

77{X}

I 2y §{X}tbe =-le (5.28)
T ) ‘ o _"}Ix}tbe:

. predictionS'?or minus”the'quadrupo1e sp]ittings (Q is negative) in

,
Ny

-

- 0.63 - (5.29)

i

R3Snx2 s stnx3 R RSnX4 ». and SnX5 s reépect1ve1y, 11ne@r1zed jf
therpythe, e

right- hand s1des are unweighted .averagés in units of mm s

literature values available to u;, 14, 16, 17

" - 7 oNes

V) for, SnX5 chosén negative following the regress10n ana]ys1s¢above

o é - ij The 1east-squares»so1ution]8 of eqs (5.26) - (5 29).are //
® o - I ST

Ry = 13+ 011 mn st

n# 0 by neg]ect1ng terms of sécond order in {X}

T of all- |

with the sign (of

tbe 1

xp*e =+ 0202005 s . .,
. . These values are a]most exactTy the same as ‘those der1ved from
. (5.26), (5 27) independentlyy The errors indicate that the

-1 suggested.l for app11cat1on of’

rough to1erance Timit of 0.4 mm. 'S
" the additive model to tetrahedral %nd octahedra] organotin (1V)

compounds is suitable for. tr1gonaflb1pyram1da1 systems>too

»
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Since the above procedure treats data from four different

. structures it should minimize the effect of any bias of the

type exemplified by the ASnX, and A,SnX, spstems'®.

" N9xt we dedave add1tivehmode] expressions for AIr and

I1f. (R SnLZ‘Fompounds) and A for R3SnLL Jompounds The required

expresswns20 21 calculated by use of 502 parémeters are given in

(5 30) to (5.32), where eqs. (5. 31) and (5.32) are 11near1zeér
r

"\

upper the same approximations as eqs &5 .17b) and (5. 18b)
ot - 9 . ‘ - \ .
- ' . — . \\’ ‘ a
|y(RgSnLL7) | = |2{L}t?a +’2{&f}tba - 3{R}tb?| (5.30)

- o ' \
|81 (RySL,) | = [ - BRI &R}tbe v 700380777
v 7 (5.31)

\
A\ “«

|87, (RgSnLy) | .= [2(RYTP® + z{utba‘ s{utbe]/m

-

(5.32)

u
-

A value for {R}

mayanow be. cqlculéted by use of - X

tbe énd {X}tbe

tba

A

J} (5.31), the previously der1ved values of {R}

and an estimate of the quadrupo]e sp]att1ng in hypothet1ca1 mer-

R SnX2 obtained by~interpo]at1ng in the regression of AIII aga1nst .

-1

Ao at A, = 4:12mm s , the -averagéd value] for trans-RZSnX4.

-1

TH® interpolation gives |A, (R.SnX,)| = 3.80 mm-s~'. .Since the
P gives |aryp(RgSnX, |33 ,

point -concerried lies near the centre of gravity of the data on
¢ * .

‘structure (I1I) (Fig. 5.3),the fnte;polated value is virtua11y

. 1ndependent of the choica of data base, giving conf1dence that the

est1mate e



w2 = 0,944 013 msTT

obtained from this quadrupole splitting and eq._jf:SI) is a good

tha

" representative value of {R} The error quote rengcts/on1y

tbhe tbe

the errors given above for {R}",
tba

and {X} ‘;t is. encouraging
calculated from m(R X) ='({R}Fba/{R}°Ct)

=+ 0. 904[see egs. (5.1) and (5.8)] is - 0 93 fm s ], and from

03871s-094nms1 5 .

A3

that the value of {R}

AR
The .available data oh'phehy1~derivatives»is more limited.

14, 19

The avefrage of the '°Sn quadrupole-spliittings in (Me4N)

(Ph3SnC12) and (Ph:,'PC]0 21)(Ph3SnC12) [bath structyres (1)] gives

- -

s the

Ph}*®® = - 0.98 m s | - -

InteﬁpoJation in ‘the regressﬁgn of"AI:II dgainst A,» as described
above gives ’ "
-1

tha = - 0.89 mm s . - ‘

{Ph}
. ‘ _
There is not sufficient evidence for 'errors' to be assigned to
- these values indivi’duaﬂy{but the dis'éussjon. above indicates that
oot .
! sensible guess.

‘ ¢a. 0 15.mm 5™ would be
" " Notice that the "derived values for {RY™P® and R3tPA,

- and the positive quadrupole splitting-for RSSn', are consistent
with theoretical predictions. The,theore€%ca1 rdtio, {R}tba/{R}tbe
: %s equal to 3/4[(6Rtba -0C tba')/( Rtbe 7‘gxtba)] comp?red to the |
calculated values of 0.83 and 0.91 for R = alkyl, and Ph respectively.
Since rg;u]ts‘in Chabte? 3 1n&tcate that {R}ocft/{R}tet = 2/3[&;R°Ct -

QXOCt)/&thEt -‘qxtEt)] compared with the calculated value of 0.75,

S
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. ‘ ‘ . ~.

‘one expects .that [( tha tb%)/ﬂthbe - tba)] "1 and
(RYtH2 (gythe ~3/4. Thus the values of 0,83 and 0.91 seem entirely.
reasonable. If ({R}™P2/(R™2) > 1, then (05" - 0,™) woutd

have to be-more than 33% greater than (thbe,_ cxtbe), (eq. 5.2)

tba/{R}tbe

that A(R Sn~) > 0, whereas A(R Sn”) negat1ve would require O. 75 >

and this does not'appear likely. Our.value for {R} 1mp1ies

({R}tba/{Rﬁﬁbe) > 0.5, which is not cqns1stent_w1th our resu]ts. i

_ T It is also possible to compare the paraméters in Table 5.2 |
OCF values. We note that the ordering |

" with gheix. corresponding {L} \
1,3,5 h

of - {L}t'b“a (« o tba) va]ues is.very close to that observed

{L}OCt: '

for -

oct: R > Ph > I.> Py > Py0 ~ PhéAsO > pip ~ C1 > DMF > NCS > DMSO ~
?HM@>Ph PO “ | .
' tba R>Ph>I> Py ~ Ph3A50 ~Py0 ~ C1 ~ pip > NCS ~ DMSO > Ph 3P0 ~

~ DMF ~ HMPA 4 = —

-
-

where ~ is used fqr,differences.in pgs of less than 0.03 mm s'].

This'tﬂdidates that the donor strengtﬁ‘df'common ligands (as measured
» by GL) bzﬁaves consistently in trkgpna] -bipyramidal-axial and octa-
hedraﬁ coordination, and conf1nns the va11d1ty of the add1t1ve-mode1
treatment used above. . ‘5' '
+ Availablé experimentaldata are.such that pqs parameters
fer bther*ifgands L must ?e derived by special procedures based on
o one or tyo'eompounds believed te ;e reasonably close to 1dee1 geometry.
c We have ca]culated’va1ueslfor ligands commonly occurring in b-co-

ordination by use of quadrupole splittings observed, (Table 5.2) in

’ -




. “, - il
e1ther Rssan (equator1a1 cis, or mer) or equator1a1—R35nLL

Fqr e guatdria (I) and mer (III) isomersg, {L}tba and {L}tbe
| respectively, are readily obta1ned by equating the observed f T
“sp]1tt1ngs to the additive model expressions given in eqs (5.30) -

. and (5 3]) The 515_1somer (II) [eq (5. 32)] yields either {L}tba i}

dr {L}tbe if the other is known. However since the coefficient of

'{L}tba in the last part of eq. (5. 32ﬁq1s rather sma11, any error

jin |AII| w111 be magnified, and (assuming isomer (I) is not avai1ab1e)

i¥ is preferable to determine 521 ba From AI(R SnL Y obta1ned by

1nterp01at1on into, the regfession of A aga1nst A at the measured

~ value of A (trans-R Snl. ) (or. tw?ce |A(cis-RZSnt4)|, if necessary)

Indeed‘*th1s is the only method:for b1dentat9 che]ates L2 not available

in both cis and mer - strsytures N e .\Ff

-_ Aplcal parameters for‘allachelates listed in Table 5.2 were - ’
obtained by this Jnterpoiat1on prctedure r example, the value
-1

T A -4402m's

0 for tr-ans-MeZSn(ACAc)2 (Tab]e 5.2, compouné (12)) +»

-1 for H&Epthet1ca1
gguator1a MeBSn(AcAc), andf{AcAe}tba was then ca]cu]ated by use of

© wWas 1nserted into. .eq. (5.8) to give Ay = - 3 25 mm S

eq (5.30). The other va]ues 11sted were/gQFa1ned in a s1m11ar way,
taking B, = ZJA[Cﬂs oct.-(a1ky1) Sn(ox1n)2]| in the case of oxin,
Equator1a1 parameters were obtained by use of eq. (5.31), or (for oxin
only) eq. (5. 32), and data from Table 5.1 as noted. Thg rema1n1ng
monodentatg ]1gands are usually found only 1n the axial posit%oq; and

‘values of {L}tba

were gbtained by app1y1ng eq. (5.30) to the compounds .
" noted. If requ1red, equatorial parameters for these ligands could be

estimated by transforming from Ap t0-Aprq.
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Table §.2 a -
Estimated Partial Quadrupole Splitting Parameters for ‘
o s R Trirgo;al-Bipyran]jda'l Ordanotjn(IV) Compounds
Ligand ytbat Data used¥ (Lytbet Data used¥
mm s ') o (mms™t) ~
c1 ,»13_:;/ 0 - by definition +.0.20—  see text
o ‘o ' . -
alkyl - 0.94 see” text - 1.13 - see text’
$ Ph /1 . . =089 7 see text -0.98 see text
H " / - . . ‘ .
\_ on ‘ - 005 5_(19) + 0.04 (201)
Achc -0.03 s (12) . +'0.20 (305) .
BzAc . -0.07 . s (14) ‘+0.15 T (307)
“ BzBZ- - . - 0.02 5 (13) +0.22  (306)
" opo C+0.075 .8 (8) +0.31- (301) -
diphoso . + 0.05 § .(9) +0.28 - (302)
OAsO - 0.02 5 (10)° + ofw) (30 -
bipyo .. .- 0,04 5 m _ +0.157  (304) e
PhsPO .-+ 0.12 (101) - - - T
_Ph,ASO =Y 0.0 (105)
HMPA 4013 (102),(108) » . L
© DMSO '+ 0.00 °  (103),(106) S
¢ X 1 ’ »
DMF + .13 ‘)(109)' o
DMA - T o016 4Q11)
CPy - -0.035  (112),(13) o
Py0 ~ 0.00 (114) | ]
~NCS - +0.065 = (115)
C - F +0.1°  {116) .o CoY T
v ) . . Ao




, Table 5.2 (cont'd.) - o 4 )
LT ee e
- OH So~T-013 0 m8) . L R R '
H20 ' +0.18" (110) . |
Ns S +0.03 (120 v |
pip . 40.01 o (a3s) T = ‘
e N o0 (119) - S -
NOR> . 0.00  * (134) -
N, C 470 Tz, (122 s
OCOH - ﬁ'o./(u/ a31) . . |
OCOCH; I +/0‘,0% .. (153) . \'J . g R .
QCOCH:I | L0 (128) - - \
OCOCHoBr -+ .13 - (125) '
BCOCH,C? +0.13 .(126) o -
ococBks £ 0.19  (127)
’ OCO(-ICh -+‘0_'|9‘ (:|_23) '
\A ’ .' 0COCHCT, ‘a,,h +0.175+  (129)
" 0COCF, +0.2% (130)
0sCFs  +0.30 .
:ngtis' 0.2

{

'

) .
_ f {I.'}tba and {L}tbe are defined in e;}g. (5.22) and (5.23). A1l values

‘ . may be assigned nomial standard erxors of ca 0.15 mm s . Lt C s

+ s ‘
'Code numbers refer.£o Table 5.1 )

”

§ Calculated after interpolation {ﬁ:o eq. (8) with data from compouhds

noted; details are given in the text. ' , - .
[] . . C

a8
T
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Discussion and Application of 1*°Sn (IV) pas Parameters.

T
The quagdrupole splittings prédicted for a large

number of RBSanl:RBSnLL’,,and R,SnL,L” compounds by use of ’

values given in fable 5,2 are shown in Table 5.3, and are

L]

] N .

compared with the quadrupole splittings observed for these
compounds.” The strugturaf.qss1gnments noted a;é based on the
agreement between predicted and observed .values, -and in many’

cases are supported by the sysi@maifcs of organotin (IV)
10

-

Only MeSSnPyNOé'(compoun& (11)) shows

a discrepancy gpeater than the tolerance 11m1t of 0. 4 mm s 1,

structura] chemistry

]

1nd1cat1ng that the tin a%gm in this compound is not five-coordinate.

The three isomers of RZSnL3 (Fig. 51) are often readi1y

distinguished when {L}/{R} is small, sinte then for giuen R and L
we have from 20’?1 ‘egs. (5.33) to (5.35) thats|AVIl > IAIV| >

1ay | with differences > 0.4 mm s1.

' T

lopyl = (- 7(REPE B{L}tb“ sty (533

Ingl = (- 20012  sirthe _ 2g3tha 4 gy the) s

/ . - (5.34) -
Jaggl = - 4RY™P2 4 3q1tbe (5.35)
45:?&, if R'= aTkyl and L = C1, {a, ) = 4.3 mm s, || =

3.07 ] rIAV‘ 253 mm s~ =1, In Table 5.3 the agreement between

observed and predicted quadrqpo1e splittings stroneg suggests that
compounds (33) - (81) have structure (IV) With {L"} #-R\: in

. s =N

i . [




b

Qbserved and Calculgated Quad?upoJe Splittings for Some.

o | L 113
. . ) T | . -
‘ o Table 5.3 * . ’ ’

Organbtin(IV) Compounds

. ~ . . .
o ’-,Compouﬁd Refs'.\ Obs. Q.s.* ' talc. Q.5.° Structure -
(1) MesSnC1(DMA) . a 3.69 C L 3.69 o (1) M
’(2.)-Me3$nC1(HMP_A). - a 3.5—2 . - 3.65- Co )
(3). MesSnC1 (PHPO) " a 3.45°  -3.38 -
(4) MesSnC1(PH3PO) - a 349 - v 363 .
. (5) MesSnNCS[(pip)sP0] b | 3.82 -7 | n
- .(8) MesSnr[ (norph) sP0] b “ 3637 o - 3.64 3 u |
(7) MesSnBr(quinoline) c.- 32 . -3.3 o -
" (8) MessnCl . d 3.44 - 3.38 y
- (9) MesSaNOs i 414 %3.82 " ]
: "; (10) ’(Megs'n)z(ﬁ)Hi)Nla' e 3.25 - 3.18 " ’
" .(11) MesSnPyNOs f 220" - - 3.52 . S
(2) PhsSnCl (OMSOY -~ b 399 ¢~ 2311 % (D)
¢ " L(13) PhySABr(PhsPO) .b ~3.20 -3a8 . T
18) Phas:Bf(DMSQ)' b 3.22 34 o
(15) PhySnC1(PhsPO) b 3.23 . . - 3.8 "
(16) Ph;SnNES (DMSO) b 3.33 L3
© - (17) PhsSANCS b 3.54 - 319 "
. (18) PhsSnNCS(PhPO) - b 348 3730 -
(19) Ph3§nococn{3-' T g0 3.32 o323 ¢ "
(20) PhaSNOCOCH,T g 359  ,_.-3.38 - "
(21) PhsSNOCOCH,C1 | 9,0 3.50 - 3.5
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Table 5.3 (cont'd.)

(22)
(23)
(24)
(25)
(26)
(27)
(28)

(29" Ph,SnC1 (Ph,As0)

(30)
WELD
(32)
; ‘@3)
(34)
(35)

(36) ,

(37) [Et,NI[Ph,SnC1,]-
(38) Ph,SnC1,(Ph,P0)
'489) Ph,SnC1, (Ph,AsO)

(49)

(41) Ph,SnC1, [ (alky1),S0] -

1

whefe apprgpr{ate, of measurements at or below 80 K. -Signs are explicitly

+

- 4
PthﬂOCOCHzBr

PhaSﬂOCOCHC]zV

Ph3Sn0COCCT 5
Ph 3SnOCOCF ;
Ph3SnF/
Ph;SnOH
Ph;SnN; -

[PhSn(opo) J8Ph, -
[Ph;Sn(diphoso) ]BPh,

Ph3Sn(BzBz)

(alky1),SnC1 (oxin)

Et,SnI{oxin)

<«

Et,SnNCS(oxin)

Ph,SnC1(oxin)

PhZSnC1(§sz)

’ +

ted only when an experimental determination is known to us.

*

9,0

o o a u {a]

+ a
NN N W N W

.51
.77
.97

.58
.73
.19

w w nN w 2w w w .

.09

~3.52

3.56

12
.85
.07

.62
.98
:83
2.61

- 3.05

.00.

.40

-

NN RN NN W NN

W W N W N W W W W W

ot

.45
.63
.69
.77
.37
.41
.05
.89
.88
.70 -
.98
.92
.80
.02
.53
.59
.77
.57
.65
73

» .

A

/

(111)

(I11)

(11)

(1v)

(1V)

(1V)

(v} - s
(1v)
(IV)+t
T
(vy -7

P

(IV)+

§-e2qQ(1 + %rf) in units of mm s~'. Values are unweibhted,averagés,



Y

f;# Axial and equatorial Ph;AsO 1nd1st1ngu1shab1e
-3
a

v ~§ : ’ n
| | : S~ 115
Table 5.3 (cont'd.) . T - -

-

§ Calculated for the strucfre noted by use of the parameters in Table
5.2, with the additional assumptions: {pmpo} P2 - {Py O}tba

{(bip)3P0}tba = {HQAPA}tb"a = {(morph)s PO}tba {qumohne}tba = {Py }tba

tba ‘=' {DMSO}tba ( T . | : - ) \\\ e

See Figs. 5.1 and 5.4. . .

~
" ¢ Discrepancy between observed ‘and calculated values indicates that

and {(alkyl1),S0}

‘ compound is not tr{gonal-bipyramidal

++ Axial PhiPO and (a]ky1)2$04b1ve sl1ght1y better fit than equator1a1

&P

-

J.C. Hill, R.S. Drago and R.H. Herber, J. Am. Chem. Soc., 91, 1644,
(1969). b - d
b.Ref. 19.
¢ J. Nasielski, N. Sprecher, J. de Vooght-ané‘S. Lejeune, J. Organomet.
Chen., 8, 97, (1967).% '

—devenage of _values collected in Ref. 3.

=D
Ty
~

e N. Bertazzi G. Alonzo, R. Barb1er1 and R. H Herber, J. Organomet

Chem., 65, 23, (1974). ‘ — S \

2

\f D. Potts, H.D. Sharma, A.J..Carty and A. Walker, Inorg. Cﬁem.l 13,
1205, (1974). - o -
@ | R -
g B.F.E. Ford and J.R. Sams, J. Organomet.Chem., 31, 47, (1971).
\

h This work. ' ' ‘ ..

j R.C. Poller and J.N.R. Ruddick, dJ. Chem.” Soc. (A), 2273, (1969).-
s rd

k Ref. 17. : .
1 F.P. Mullins, Can. -J. Chem., 49, 2719, (1971). '
. ) ?
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Table 5.3 {cont'd.) _ . , ’

AY '

n R.S. Randell, R.W.J. weaﬁ and.J.R. Sams, J. Orgaﬁbmet.(cyem., 30, C19,
(1971). .

o Average of va1ues‘e01]écted'by P.J. Smith,'Organomet;-Chem. Rev. A,.
" - - '

5,373, (1970).
p R.W.J. Wedd and J.R. Sams, Can. J. Chem.q 48, 71, (1970). *°
: ' ~ ;
q Ref. 13.
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RoSnL,L7, Structures (IV) and (V) have two isomers, namely L&

e

axial and y’ equator1a1 However; with {L} being small the
quadrupo]e spl1tt1ngs of the two structures are scarcely dis-
t1ngu1shab1e '

Compounds (32) and,£33) in Table 5L3 111ustrate that

- the pred1cted add1t1ye model pnedict1on “of S1gn 15 unreliable

16 the dis-

13

when n is large. Here, as in c1s-9ctahedra¥ systems -
crepancies may be attributed to d1stort1ons from 1gea1 geometry
when compound (11) is exc]uded the agreement in Tab]e 5.3 °

is generally very dood, the observed and ca1cu1ated values of |Qs|’

havifg-a corre]at1on coefficient r = 0. 94 However, close 1nspect1on .

revéals that the ca]cu1ated magnitudes tend to underestimate slightly . .

-1

the observed ones, on average by about 0.09 mm s "..  This would

. ) . ‘8 5 o
indicate that a slight revision of the parameters im Table 5.2 may

be adv1sep]e In particu]ak the pqe paraﬁeters for Ph were\based on

rather 11m1ted data, yet {Ph}tbg especia11y is quite severely tested
in Table 5.2 since many of the compounds contain this ligand in an

equator1a1 pos1t1on

Quadrupole sp11tt1ngs 1nvo1v1ng less- common Tigands not listed

in Tab]e 5.2 may often be rationalized bmself-consistent methods. ‘
. . .22

Consider, for example, the RS"{(0C2H4)2§9 and RZSn[(OCZH4)2NR ] species

shown in Table 5.4. The geometriga] requirements of the ligand ensure

that in RSn[(OCZH4)3N] R.and N occuby the ax1a1'positiohs. Thus,
’ tha "

2setting {R”3N} = {ﬁip}tba,\compounds (1) to (4) in Table 5.4 give
;{~CZH40}tbe = ~ 0.06 m s7T, .The quadrupole splitting then predicted

. . {
for RZSn[(002H4)2NR’] with structure (V) is 1.95-mm §'], iR agreement

¥

™
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;§:1e 5.4 ’
| | , T
1199y Mossbauer Datd o¥ RSn[(OC.H,)sN] and RpSn[(OC,H,).NR'] -
. * .

ecies > Ta

-~

Compound Centre s 1ft+ QLad se]it p =T0s/CS
A (mm s 1) . (mms ~
(1) cusén[(ocqu)gu] 1. OI 64 188
(2)  CoHsSn[(0C3Hz)aN] . T 2? 172 . 14
(3). (n-CuHs)SNLAOCHW) 3], 0.9] 1674 i.91
(4) CoMsSnL(OCoH) N o . 0.9 . 1.6, 1.7
C(S)"(n-CgHg)zsn[(OCzHu)gNH] \ 0.91 & 2.20, - 2.42
(6) (n-CuHs)> Sn[(OCzHu)Q ((CeHuCHa) ] 0. gs 2.23 2.2
(7) - (C2Hg)2Sn[(0C H;) 2NCHs ] o 0.9 2.16 2.25 _
s u 'l .
‘/* Taken from Ref. 22. . - 3 | | ' T Fée']ati-ve to BaSn0,
' : Table” 5.5 y )
Observed and Ca]c'ulat.ed Quadrupole/SpTi'tting;s in [PhQSr;(OC.bR)]g D1mers
Cogpound . bbs.QS Calc.0S
'11) PHuSnz(OéOCHQ)z e S 3T0 7 ,
(2) Pha Sha (0COCH,CT) 5 3.85 3.92 S
(3) Ph“Snz(QCOéC15)2 ] 4.0 416
(4) Ph,Sn,(0COCF5), | - 4.35 4.24
(5) PhuSmo(0COCeHs), - = 3.50 - . 3.33%
- - b 1]
1'(-Um'.tls are én s ! obsérved values taken from Ref. 23. . ’
# This compound used to aerive .{SnL;R, }tbe = - l 38 mm s ‘. "
# Assume pqstPd = Bsztba S , 2 - i

!



) 'pos1t10ns

(1) we get {SnL,R,

-

with observation for compgunds (5) to (7).

Y
rl

.Another interesting example.is provided by the -
[Ph Sn0 CR]2 dimers (Tab]é 5. 5) which are f1Ve-co—ord1nate with

an equator1a1 Sn-Sn bond and b1dentate RCO2 11gands br1dg1ng axial

23. Thus each moiety is ap R SnLZM system w1th quadrupole

-20, 21

-sp11tt1ng ‘given by eq. (5.36)1 where for the.compounds in:
. Table 5.5,R 2 Ph, M = SnLR,,

2°2°

o /s

- amytheyy }tba +16(L3%02 9172 (5 36)

and L "CH3C02, CH2C1C02, QC]3C02, CF3COZ, or C.H C02.‘ From compounﬂ

65
}tbe -] .

= - 1.38mm s The splittings cafculated by

use of this value for compounds (2) to (5)_aﬁé‘consistent,with N

observation. ) '\—
Many other systems could be illustrated. For example, EP’
- ~ f

the RZSnC1(SZCNR’2) compounds24 the observed quadrupole splittings of

,

ca. 3mm s for R = alkyl and ca. 2.3 mm s”! for R = Ph are clearly

consistent with the equatorial R,SnL, structure (IV), in agreement
25 e

~ -

with an X-ray study®” of Me28n01(5 CNMe

Notice that throughout the data dlscussed in th1s study ;

N

there -is 11tt1e correlation between the‘quadrupoje splittings and

" centre 5h1;2, Values of the ratie'(p) of quddrupo1e‘sp]1tting to

centre shi re]ative to SnO2 are Tisted in Tab]es 4,5, 5.5 and 5 6,

assuming that Ba&no has zero sh1ft relative to SnO2 The ratio p

L]
4

2) . .

- *Ja] = [7eRythE 2 : 2o e 4 4{M}tbe 2 - 16(RytPeg 3t

-

-
L

—~
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Table 5.6 ° . i g

‘4 l!/

w : o . ' ° . .
p Values for Some Five-coordipate RsSnL» Compounds

-_(Zomp::)ﬁnd \ F{sf: Qﬁad.‘sp'ﬁt*'-‘:Cetntfre: Sﬁifég pﬁQS/C-S
(Phgsn(oxin) e Coovgs. - o107 T Tes <
" PhsSn(BzBz) : s 2.5 13 1.99 J
Ph,Sn(BzAc). b 2.25 ‘_ .08 208 .
Ph3Sn (ONPhCOPh) “ et 1.08 ; 126, 1.5
" Pr4Sn(ONPHCOPh) ‘ c. 2.65 1.0, 177
MesSn(ONPRCOPR) _ c o238 T LM L 176
'“Measn(SNhCOPh)‘ . ¢ r 274, T1.37 - 2.00
(EsNH) [PhSn (ONCOPh) ] c “ s T3 irgfa%‘,
4 * - . ' - “ ™ ’ . -
 Units are mm s™! o T | ,
5 Units are"!mm\ s re]a_tivé\bo Sn0, with’FBaéﬁoa,é;s!umeq to have; B
zero shift. to o T \

o
®

a Ref. 6 and R.C. Poller and J N,R Rudd1ckf J. C-hem\\Soc (R),

2273; (1969). ' - o e
b This works ¢ - B - L \ -
¢ PG/ Harrison, I‘norg. Chem.,-12, 15;45; (1973)} N j
. ' « . 5
. . 'S . ]
'
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f
has been suggested26 as a criteria of coordination numbgr, -

with p > ca. 2.1 characterfétic of coordination numbers greater

than four. However,sthe data show that p varies above and below

2.1 even in closely related compounds. . ”
c (k . T
. Partial, Quadrupo]e Sp]1tt1ngs for4F1ve Coord1nate 121Sb (V)

The quadru ale coup11ng constant (e qQ) in 121Sb compounds '

“may be observed by the 3¥ 15 Kev'~ 2' Z+ Mbssbauer resonance

Thg partﬁa}pguadrupo1e splittings for '2*Sb (V) are.defined by

eq% (5. 37)7(5,38) in-mi s ].' ‘It is important to realize that

pqs for 12%sp (V) in fact measures the 'partial quadrupole

e 1]

coupling conStapt'. o ;

R

¢ lol (FLI%? - X188y (5.37)

| e]a|( [Lthe 3{XJ“"") 0 (5.38)
."‘ g ' - .

ytha o

! {L}tbe

Studies of 1soe]ectron1c ]sostructura] Sn (IV) and

(V) compounds show that '2!Sb (V) cOup11ng constants are

+76.76 t:mes the correspond1ng 119gp quadrupoﬂe sp11tt1n935 8

. In Table 5 7 pgs values obta1ned by use of th151%u1t1p1y1ng factor

are compared w1th values- previously . der1ved by-ad hoc methpds .

tba

With the except1on of {Ph} » the “two procedunbs are ih good

w agreement, w1th the results presen‘ted here reso]vm; the S‘ign of
{C-I}tbe .". - 4|"L4
A+ , v * .
In Table 5.8, coupling constants ealculated by use of

9,27

. *19sn . derived pgs are compared with obsetved va]ues for a

riumber of tr1gona1-b1pyf%m1d91 Sb' (V) compounds. The agreement
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A Table 5.7
’ ']Estimated Earfia] Quadrupole Splitting Parameters for
Trd gonal -Ei pyramidal Organoantimony(V) 'Compounds*
Ligand {Lytha (mm s7%) fLythe (mm s71)
This work  Ref. 9 . Thiswork! ° Ref. 9
S 0. ¥ o- # +1.30% + 0.9
Bre o ¥ - 0.2 RS
alkyl - 6.37 ‘ - 7.62 - 8.0 N
CPh g - 6.00 - 7.2 . -'6.62 - 6.9 -
F . ~ +0.75 + 0.3 '
I - 0.54 . - 0.7 - )
NO, +0.75 +0.2 - AR
NS + 0.4 =°0.1
OCOMe +0.51 ’
. O - 0.87 - 0.3 . -
— ;
* {13t and {L1%P® for"22:5b are defined in egs. (5.37) and (5.38).
For the '21Sb 37.15 keV M%SSEEUGY‘ resonance 1 fm s~ = 29.96 MHz.
“+ 6.76 . [!'°Sn pgqs parameter given in Table 5.2]., -
" ¥, Here and in Ref..9 {c12tP2 < ¢ by definition; we also take

EBr}

{C1} for bothé tba and tbe. .

]
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" Table 5.8

-~

-

Observed and Caléd]atedkguadrupolg Coupling Constants

-

" " Compound
<4 >

f -
a o\(1) Ph3SbF2

(2) Ph3SbCl,

.(3) Ph3SbBr;

(4)<?Hasb12
(5) PhaSb(NO3).

(6) Ph3Sb(NCS3)»

(7) PhsSb(0COMe).

(

1)

(8) MesSbCly
(9) MeSbr,

10) PhySbF
PhySbC1

(12) PhySbBy

(
(
(

a.

13) Ph,SbNO;
14) Ph, SbOH

15) Phy SbNCS -

. Tigands apical.

Obs. [e*qQ}(mm s7*)

v

18,

. 20.

4

22.
20.
19.

—

21.
20.

24,

o wuw bW

oo > .O

22.1

7.2
6.2

6‘,85‘
6.4
5.3.

6.4

Y

-

for Some Organoantimony(V) Compounds

Catc.[e2qq](m s7*)°

This work

- 22.8
- 19.9
I )

[ D I |

19.9
17.7

22.8

21.6

21.9

22.9

22.9.

9.4
7.9
7.9
9.4
6.1
8.7

»

Ref. '9

-6.9 -

b
- 5.9
6.3
-

-6.1b

S—

In Ref. 9 these coupling constants were used to calculate pgs

parameters.

4

~

Assuming ideal trigonal-bipyramidal geometry with e]ectronegativé




for R3SbL2 species is good b However, the calculated values '
for Ph4SbL spec1es are always larger than the observed values

(by up to ~3 mm's 1). Th1s discrepancy is probably due to a
;sma11er [{Ph}tbal value (6.00 mm s \) compared with previously
derived value (7. 2fmm s ]) However, the 119Sn data discussed
- ahove 1ndlcates that I{Ph}tbaj < I{Ph}tbel. Thus, it seems that
,Ph SbL and the unknown Ph SnL may'not be striatly. comparable,_
‘ evejr\hough X- ray structure of Ph §b CGHIZ is consistent with
{R}tba/{R}tbe <1in terms of a literal po1nt charge model.

Table 5.3.shows the relevant bond 1engths for related

Sn (IV) and Sb (V).structures. It-1s apparent that the difference -

)
between axia] and equatorlal Sb-C distances at ca. 0.09 A is

larger than that 10.03 A) observed for the/ two Sn (1IV) compounds
The (perhaps unexpected) nass1b111ty that] for a given ligand A,
larger Op values seem to be associated with longer bonds also

follows from the positive (otba - oxbe) v 1ues;~s%nce axial Sn-

10 ' However,

ligand bonds tend to be ]onger than equat r1a1 ones
it is vepy d1ff1cu1t to assess the va11d1ty of th1s point because
the relationship of bond length to partial f1e1d grad1ents is
| complicated by other factors. | o ‘ !
' rEina]]y, six coordfnate structure may.be assigned to
thébC]3 by the methods used in this Section. From Tab]e 5.4 the
calculated coupling constant for a trigonal- b1pyram1da] ?tructure
with equatorial phenyls is + 17\&|nn s ], whereas the coupling
coqstant for a_trans- pheny1 oct&hedra] structure with bridging

L4 § -I

chloripe - is + 25.7 mn s -1

he obséived va]ue7 of + 25.9 mm s

Fe

L}
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" Table 5.9 7

Metal;Ligaqd Bond Lengths. in-Some Trigonal-Bipyramidal
~ Sn(IV) and Sb(V) Compounds '

-

Compound Ref. Metal-carbon Distance§* ﬂetaT—oXygen*
| ?quatoria1* axial | axia?l
PhySBOH a 228 ¢ 2.218 2.048
PhySbOCH s - \i . b 218 2199 2.061
PhsSb(OCHs): - b . 2.120 2.033 -
PhsSb, CoHrz e 2.14 2.24 |
PhsSn (BzBz) c 2.165  2.180 ' 2.276
* PhsSn{ONPhCOPR) =~ - d © 2.4 2.18 2.31
.
- Units are R o -

For abbreviations : ‘ '
« -, ..
Averaged where appropriate

A.L. Beauchdnp, M.J. Bennett and F.A. Cotton, J. Am. Chem. Soc., 91,
297 (1969). . | o

L-N. Shen, W.E. McEwen, S.J. LéPﬁaca, W.C. Hamilton and A.P. Wolf,
J. Am. Chem. Soc., 90, 1718 (1968). c.Ref. 4. d-T.J. King and ~
P.G. Harrison, Chem. Commun., 8{; (1972;. e ‘C. Brabant, B. B]anc&
and A. Beauchamp, J. Organomet. Chem., 82, 231 (1974).

[ ]
Ve

, . [
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Conclusion

Th%§ study eesential]y completes }he additive treaf-
meht" 1199y M8ssbauer quadrupo]e splittings in terms of the
molecutar orbj;el madel previous]& developed by Clark et aT?{

The 'working values' of different pgs parameters for tetrahedral,

’ Zi:edra1 structures seem to g1veva' .
very’consisfent description of the relationship betwean quadrupo]e
splittings and structures of(organotin (1v) compounds 1in spite

of distortion. Tpe calculated ratio of pqs parameters is in good

agreement with that’predicted by theory For example, the

predicted ratio for R, {R}t?t : {R}OCt {R}tba : {R}Ebe =

1.5:1:1:1.33 is compared with the calculated ratiq 1:45:¢1.10:1:1.20
reépective1yﬂ This consistenc& thus gives-us some inéight into

the structure and bonding of organotin chemistry. These pqs values
can also 1ead‘to'synthesis of new compounqg. From Fig. 5.3 it is
seen that quadrupo]e sp]itiings in R3Snl:2 span almost the entire
range “of sp11tt1ngs observed in tetrahedral R3SnL and octahedral
RZSnL4 species.” It wou]d appear that in general a particular range

of quadrupole splittings cannot be uniquely assoc1ated~w;th a

particular coordination, and that reliable structural information

‘can only be deduced .by use of either unbiassed pgs values or a re-

gression method of the type outlined in this chapter.

Fina11y, the advantages of using 502 p«a\rameterszo’/21

in the QS calculations for low symmetry structures become evident.
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CHAPTER 6

a :
Méssbauer Effect Study-of Electron Spin quaxation and Radio-

’ ,
(acetylacetonato)A1(III) and in Tris{acetylacetonato)Ga(III)

iV ' ‘Tytic Effects in Tris(acetylacetonato)Fe(III) Diluted—in Tris-

&

A, ) Introduction

The application of Mssbauer spectroscopy to the studies of
electron spin relaxation and ©®°%o vy ray irradiation effects in dilqted
’ tris(acetylacetonato) Iron{III), [Fe(AcAc)a],systems are discussed in

this chapter.

: S ’
It has been known for some time that the fluctuating hyperfine

fields felt by the nucleus in a paramagnetic ion cén influence the ‘
nuclear transitions mafkedly.l This phenomenon has been successfully -~
shown by the use of the MUssbauer effect in recent years?'s.For example,
N l«h’gnaﬂ2 has reported MSssbauer line broadening in Fq(iII) high spin
systems; and actya]]y oﬁgervéd a partiF1ry resolved paramagnetic hyper-
fine pattern in a frozen solution spectrum of magnetiéa]]jldiluted ‘
Fé(AcA_c)3 at low temperature. These results have been attributed to the
"spin-spin relaxation of tﬁe paramagnetic electronic states, since the
observed.1ine broadening does not in general depend bpon the temperature,
but depends upon the Fe-Fe distances. Wertheim et a]3 have ®bserved the
parafagnetic hypéifine_ splitting (mainly due to | = £>and I zi% > )
in the Mﬁssbauér spectrum of 57Fe3+ inﬂcorundum. Moreover Wickman
. 4,5, 9,

et al *” have -investigated the temperature; concentration and'external-—=< -

%

magnetic field dependent hyperfine structure? in the MYssbauer spectrum

of meta11oproteiﬁfA and discussed the possible mebhgnisms5 which 9écount
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6 has also proposed a simple relaxation-

-for the observed patterns. Blume
model in terms of fluctuating e]ectromagnet%e_fields.

‘The paramagnetic hyperfine str‘.uctur'es5 50*fa; observed are
typified by the change;gf Mosebaeer line shape. This shape’ depends
rather critically upon the rate of electronic,re1axation respdﬁg;b1e for
the magnetic hyperfine fields fe]k\by the nucleus. As ment1oaed in
Chapter 1, the theory of th1s phenomenon is very comp11cated except in
two extreme cases. First, a very slow electron spin relaxation rate of
an electronic state (e.g. I +2>) will give a six Tine pattern, pro-
vided4that the effective field approximation is valid; iand secpnd,jg ]

very rapid relaxation will give a doublet or singlet pattefﬁ. Several

models have been proposed for the interpretation of the relaxation
5,6

N

effect™ .. Theoretical details can be found in two papeys7 by Blume and
-Tjon. and will not be discussed in this context. The objective of the
spin-relaxation experiment,'described in this chapter, is an attempt to
resoive the MYssbauer -pgramagnetic hyperfine structures in Fe'iAcAc)3 by
diluting Fe(AcAc), ina diamqgnetic matrix such as Ga(AcAc)3 and
A](AcAc)3 which haveﬁsimi]ar molecular structures. If spin spin relax-
ation is important to the change of line shapes, the Mdssbager line .
widths of the diluted Fe(AcAc), are expected'to broaden and eventually
split into gix lines, as the concen;retion of Fe(AcAc)3 decrease;w “If,
on the other hand, the spin-]attiee relaxation is important the widths
are gépected ts become more narrow as the temperature increases.

The MSssbauer effect a1so p]ays an jmportant role in stud1es -of

radiation effects9

in solids, ‘and of -some other closely related areas of
chemical- physics, such as EC (electron capture)g- decay and high ‘

-y
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pressure effects]l.

If thése éffeefs are studied in a solid gontaining
a M%§sbauer nuc]eus their physical and chemical: consequences can |
sometimes be conjectured.from the additional features in the1r MUssbauer
specéra.p'Thus Bancroft et a]‘a have obtained narrow line widths and
resolvea the 65 in Mossbauer spectra of Fe(AcAc;; by *°Co y-irradi-

® ' ations ..TOﬁ rad). Sano et .}113 ha\{e found that the M8ssbauer absorpt-.
1ion~spec£ra 6f Fé(AcAc)s_irr§diated with %Yo y.rays (._109 rad) are IR
the same as the emission spectra of a 5_"Co-]abe]]ed Co('AcAc)3 source

., after E-C (both gbeétra indicate the presence ‘of Fe(Il) species), -

whereas Friedt et alla'have’observed the same .phenomenon by electron™

o radiation (2 Mev). Drickamer et a1l

‘have also observed Fe(Il) species

in. the Mossbauer spegtra- of Fé(A‘cAc)3 under high pressure..

~In section B, the Mossbauer spéE?%a of Fe(AcAc), diluted in

.Al(AcAc)a and in Ga (AcAc),, ;s a function of Fe(AcAc), ;oncentratiqn and
temberatdfe.are discussed. At constant temperature; the Mossbauer

absdrption peak broadens as the concentration ofi‘Fe(AcAc)3 decreases.

However, the spectra of tHe diluted samples also ébow temperature de- . ;
penaent effectg. Moreober, the pafﬁh&gnetic hypeffine structures afe

resolved at Tow temqerqiure (4.2'°K) and tow Fe(AcAc), conc%ntration

(1%).

—

Tﬁeostudﬁes of the effect of y irradiation on diluted Fe(AcAc)3
501295 are réported in section C. The comparativé]y narrow line widths
of the irradiated Fe(AcAcfs‘diluted in A1(AcAc), matrix are consistent

12

. with prev1ous results.” At low concenirations; Fe(II) species were de-

tected in (Fe-A1)(AcAc), systems, The- (Ga-Fe)}{AcAc), solid samples,

however, showed hjgh radiation stability.
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.4110°K is’ consistent with previous results”™.
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7 . . . b
Electron Spin Relaxation Effects in Mbssbauer Spectra: -
°7Fe in Fe(AcAc), Diluted in Klech);:gnd in GaﬁAcAc)3_ S8
3 . . - Qi;21 o
1. Experimental Results - ‘ )

. The velocity spectrd obtained at 110% with Fe(AcAc),
diluted in A](AcAc)3 are shown in Flg 6.1. Mossbauyer parai'

meters recorded at 110°K and rooTr;emperature are g1ven in Table 6.1.

The neat Ee(AcAc)3 spectrpm shows a broad line of half-widths ~
r=1.97 + 0.02 and 1.72 + 0.02 mt <™ at 110% and room tempera-

ture respectively. A centre shift of 0.80 + 0.01 observed at

2 As .the® concentration

4

was decreased, a cont1nuous broadenlng of the Tine width ocgyrred
L\
At a concentratlon of 3.3% Fe(AcAc)3, the I1ne width of 13.97 +*

.83 mm s was observed, whereas at a concentration of 1%

3

Fe(AcAé)é (99% Fe enriched sample), some, hyperf1ne features‘began
to show (Fig. 6. 2) ’ . : ?

LY

To demonstrate that a large pBrtion of the Fe(AcAc)3 were

effectively separated ithhe host matrix, several independent éXperiments:'

have been:performed. The esg spectra of ‘these samples at 10 GC sec =1

)

were measured at room temperature. L1ye w1dth*narrow1ng effects
o 15

2

characteristic of spin-spin relaxation were observed,nas the

o

Fe(AeAc)3 concentration was decreésed.‘ This result is conéisfent
with previous esr experimentls.~ ‘ 7 ‘}
Mossbauer'spectra of sagples prepared by grinding Fe(AcAc)é

and A](AcAe)3 in proportioo‘were obtained at 110%. Hoﬂevér no

line width brOaden1ng was observed even at a concentration of JG%,-~

(chc)3 (r= 1.80 mm s ]). Tﬁ1s indicates that the observed

e
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Figure 6.1 Mossbauer

Spectra(]]OJK) of
-Fe(AcAc)jDﬂgted.'iro |

Al(AcAc)
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Figure 6.2 Méssbauer Spectrum of the 1% (Fe" m)(AcAc)3 Samp]e T
taken at 110°K - ’
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.
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[4

byoedening (Fig. 6. 1) is ma1n1y due' to an effective Fe-Fe «

~separatioh. It is be11eVed that Fe(AcAc)3 and M(AcAc)3 form

a solid solut1on at a concentrat1onof lower than ]0% Fe(AcAc)3 3.

Fe((2204)3 3H20 and K A](C 04) .3H 0 are known to form

solid so1utmns]6
solution samples of KgFe(C504) 3. 3H,0. KoAT(C;0,) 3H20)At 110%,

a broad single line of half width T= 2.95 + 0.16 was observéd for. '

Mossbauer spectra were obtained for solid .

the neat K3Fe(C204J3.3H20. As the concentration was decreased

“half widths of 4.1 + 0.4 and 8.4 + 0.9 mm s™! were observed respectively

for concentrations of 0.3 and 0.2 mole fraction of K3Fe(0204)3.3H2Q,

- Note that the half width of neat K3Fe(0204)3.3H20 reported here is
' ‘ “ -

-1 17

significantly larger than 2.22 + 0.05 mm s ° reported previously

This indicates thata highvelocity scan”is necessary for Mbssbauer

. line width studies of paramagnetic systems, which give broad Tines.

S1m11ar Tine broadenings were a]so observed Sn the
(Ga Fe)(AcAc)3 system The results are g1ven in Table G.ée
The room~temperature spectra of (Fe. M)(AcA.c)3 (\‘= Al. '

or Ga) gave substant1a11y narrow 11ne widths than these 110% spectra.

These resu]ts are expected for effect1ve1y d11uted samples, since

the line widths of neat Fe(AcAc)3 and samples prepared by gr1nd1ng

(AcAc) and A](AcAc)3 are practically temperature independent.

2

,F1na1]y, good fits (x° ~500) were always obtained for

"concentrations Migher than 10%; eventhough the tine shapes became

less Lorentziaw as the concentration was decreased. The reprdddci-

bility s in general good (+ 0.2 mm 571 and in the worst cases,

v

+ 0.5 mm s”! for broader lines). ‘ B -t

S
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f%ble 6.2

. "' f\
 $7Fe Mgssbauer Parameters -of (Fe,Ga)(AcAc), at 110 + 5%
e 2

)

twt Fe(AcAc),  CS (110%) I (110°K)

100 ° . 0.80 1.97
‘_ T 90 ©0.76 2.02
N, 8o 0.78 2.10
70 - 0.76 2.32 + 0.09
60 .70 2.39 + 0.08
50 -~ 0.89 +0.09  2.94 + 0.22
W O r0.05 . 2.34% 0.1 '
30 " 0.60 +0.26  3.51 + 0.26
20° 075+ 0.11  4.86,+ 0.32
10° - 7.22 + 0.4§

0.78 + 0.12
S

a. Errors are iﬁb.04 mm s"1 except specified. -
The-10% sample is enriched with ~10§,57Fe.
CS are relative to sodium nitropruiside.

—.

»*
- . 4

b. X2 are substantially greater than 500.

S .o : -~
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‘The Mgssbauer spectrum of the 1% (FefA])(AcAc)3
sample at 4.2°K was run at PCMU, Harewell. The hyperfine pattern
was well resolved in this spectrum Fig. 6.3).__Ihe largest fnterna]

field observed (corresponding to 8 = j.go is-550 + 4 KOe,

typical of Feaﬂhf3 The estimated quadrupole splitting is close

-
to zero.

2. Dlscusi1on - ) : /ﬂ
‘~ . As discussed in Chapter 1 two mechan1sm§Jare a]ways
n responsible for line broadenrngs. The spin-spin re]axat1on which
vae}es as a functian of the separation of the paramagnet1c,centres
s - becomes slower as the Fe(AcAc)3 molecules are fenther apart. .

The effect on the Mdssbauer spectra 1s the continuous broadening

~ ) of the single line, and eveﬁ%ua]]y the appearance of the hyperfine
\ - )
structures. _ .

PR

" The spin- 1att1ce re1axat1on is -n g%peral unrmportant

to 11ne broaden1ng in cases of zero orb1ta1 momentum such as in

_Fe3+ iron. Th1s-ha§_been confirmed by a previous Mdssbauer study

L

of the neat Fé(ApAc)3 at qiijerent temperaturesz. If Spinflattice

. relaxation is important to the Mossbauer Tine shape, the single broad
o / ’ o
/1ine would become narrower as the temperature increases (faster

re]axat1on rate)

(%

The 11ne broaden1ng shown in Fﬁg 6. ] can now be readily - Py

ratipnalized. It has been shown2 that o her broadening mechanisms

'can only account for a. small portion of [the broad line observed in

Fe(AcAc#E and that spiﬁ relaxation (ejither spin-spin or sgfn-latticef
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L]

is most important. <Fig. 6.4a is a plot of half widths (r)
f (Fe. K])(AcAc) .versus the weight % of Fe(AcAc)3 at 110°K
and room temperature whereas Fig. 6.4b is a similar p]ot for

(Fe.Ga_)(AcAc)3 at 110°K. From these figures, it 1s apparent

that T broadens markedly as the Fe(AcAc)3 concentration decreases. .
This 15, “of course, expected on the basis of electron spin-spin

relaxat1on, since dilution.reduces the relaxation rate. Similar < -

effects have been observed in other Fe systems studied previous]y2’19;

P

Ay

- ' Another striktng feature is the temperature dependence

> L)

of the 11ne widths shown in Fig. 6. 4a The Jline widths observed

at room temperature are s1gn1f1cant1y narrower than those observed

at J]OOK. 'A1so, the difference in hidths (TIIOOK'; TR.T.) increases
‘as the,concenthation decreases. These results are characteristic

of spin lattice re]axation and thus indicate that the spin-lattice .
- relaxation is as important as spin-spin relaxation at these tempera-

tures. A similar tréh& was.also observed in the'(’Ga.Fe).(AcAc)3

system. Fbr example, the room’temperature spectrum of thé.40%

-1

sample has a width of -1.5 mm s™', which is narrower than that

~

observed for the undiluted sample. This result consistently

accbuﬁts for the marrow half widths observed in the Ga(AcAc)3 fi

~matrix. It is perhaps surprising that'spin-lattjge relaxation is.

observed irf'a system containing an S state ien with <L> =“0§L

s

aAlthougﬁ the relaxation mechanisms may be those described ‘by Blume

21

and Orbach20 or by Leushin”'; the real picture is not 61ear1y uhder-.

; ' stood at the present time.

[

It is evident that the paramagqetic hyperfihe cannot be

resolved at high temperatures such ’from' 110%K to room temperature.

. w
° i

by . ’
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The 1% spectrum taken at 110°%K (F1g 6.2) is obscured by
sp1n -lattice relaxat1on even though the spin-spin re]axat1on
is’sufficient]y redqced in this samp1e. At low temperature
(4.2°), the spin-lattice relaxation is minimized and the hyper-
Q' fine structures are clearly seen” (Fig. 6.3)5 '. :

Figure 6.3 is” very similar to the frozen spectra of

\

Fe(AcAc)32 and spectra of some magnetically diluted Fe (III) high

spin compounds]9§ There are at least four well resolved peaks

(Fig. 6.3, 1 to 4). The field obtalned from the outmost peaks is

550 + 4 KOe, 2 value character1st1c of S, = * 5/2 states of Feot

with cubic symmetrys. However, the inner peaks'(Fig. 6.3, 2 and 3)
are broader and almost twice as imtense as the outer peaks

(Iz,z 13 2 211 =-212). In contrast to the frozen salution spectra,

this intensity ratio immediately indicates that the S, = i_%-state
is also re'so\_hed under this condition, whereas in the frozen ,saluaon
Y ‘ speé;ra, only the S, = if% ‘gives rise to reso1ved'hyperf1ne structures.

One must notice that the separation between the Kramers doublets

0,16,

in Fe(AcAc)3 15 less than 1°9K'°; and a11 the- three Kramers doublets

are well p0pu1ated even at 4.2%. ¢« : et
A better understanding of this spectrum can be achieved

C N .
by considering the "Spin Hamﬂtom‘an"5 expressed (for_isotropic -

.« interaction) as :

~

L B SORE SRTUSEE R
cs '

- - (6.1)
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Th1s Hamiltonian represents tﬁ\\hyperf1ne 1nteract1on between the
Kramer doublets and the nucleus (Igr =-7, <ﬁ§) in absengé of .

an external field and relaxation. A theoret1cq1 spectrum has

been calculated according to eq. (6.1). This spectrum is also- shown

C . - 4
in Fig. 6.3, assuming H eff © 550 KOe for S, = i{? ,e q? ~ 0, and

a constant A for all Kramer doubIetsk It is important to realize

that the ca]cu]at1ons for S %- 1_%:by use of eq. (6.1) give

. »
results identical to those’of the effective field approximation,

»

(AIZSZ is the only hyperfine term involving the electron spin operator),

whereas those for SZ = i_%—are'entirely'different,Asince the second

term [%-A(S+I +S.1, )] Of the Hami]toniaﬂldoes not effect

S, = +-% nd + %-1n Mossbauer trans1t1ons. The S =+ %—states,

however, sp11t into more energy levels than m1ght be -expected on the

basis of the effective f1e1d Hamiltonian [Alzszl' Thus more than
L

"six transitions result (Fig. 6.3) fgr S, = %% .. It is then abpgrent

that the observed outer  -peaks (1 and 4) in Fig. 6.3. are mainly due
5

to the transitions arising from S, =t while the inner peaks (2 and 3) .

Nojw

are due to the overlaps of the transitions arising from SZ =

and 5, = i.%-;‘ The broader Tinetwidth and higher intensityof peaks

"2 and 3 compared with those of peaks 1 and 4 are entirely consistent

with';he calculated spectrum and with” the previously observed

57Fe doped o A1203 spectra3. The calculated 11nes shown for S_ %
are, however, not clearly seen indicating {hat sp1n spin relaxation A
due to S = __%— is still sufficiently rapid. Thus, the central portion
of the spectrum is attribute? to the overlapping 6f a broad line arising

‘¢ -4+ 1 : -+ 3 .5
from 6, = + 5 and the cgntra]llnes frmS, =+5,+t5.

—~

i
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‘ Figure 6.5 ‘ .
Vsdl : AN s ' ’ - '

(taken from ref. 5)
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_ - — - _
The spin-spin relaxation time for the 1% (Fe.A1)(AcAc 3 , .

sample can now be estimated by comparing the observed ¥pectrum

with those (Fig. 6.5) computed by use of a spih;spdn relaxation

model broposed by Wickman et a14’5? In their model, réfa}ation o

-

is characterized by a relaxation time t. For example, considering
v W B . )

the S = i_%-doub]et (Fig. 6.5a), Mdssbauer transitioﬁ%:1 + %-,
%—> — |+ g-‘, + %>’ and | -%, "+%> —*[; -g—+'%> are character- d
ized by frequeﬁcegiw; and wg respectivé]y. When the spin flips,

T : o

. _ .5 _ - _ 5
a spin-spin relaxation, M =+ 3> > [M_=- 35 occurs and the \f’

rate of this relaxtion (1) influences the line shape. This is demon-

~ L 4

strated in Fig. 6.5b with different v values. This situation is
analogous to proton exchange in solution and can be rationalized

readily. Thus wg and wg are analogous to w, and wy in nmr studies. ' L

. The average line width of the outmost peaks in Fjg. 6.3 isca . =

1 mm s'L characteristic of a relaxafion time 2.5 x 10‘8 < T+

- i . . (_
9 sec; since the corresponding line widths for the theoretically -.

Bl

rojon

< 7.5 x 10
calculated spectra (Fig. 6.5b) with T = 2.5 x 107 and t = 7.5 x 1072 , -
p : . a
.are 0.7 and, 1.9 mm 571 respectively. The relaxation time of the "

5, = 1_%3 i_%—doub]ets cannot be easily obtained. However, it is

regsonab1e to conjecture that T, 3 is comparable to T:'%', whereas
=7 R

.
i;% is faster than the other two. The complex features in the

-

T

<

+ 2 mm 5’1 regien in Fig. 6.3 are .consistent W1th:rapid spin relaxa-
. ’ ) < -
tion arising from S_ = + l—. ' '

z -2 . . '
o The spectra ‘observed at higher’ temperatures are best understood .. .

i : L 4
“in terms of B1um’e's~mode16 regardless of the origin of the re1gxa-. ,
,.tion which producés;la f]uctugting field at the nucleus. ﬁzithe .




temperature ihcreases, the spin-lattice relaxation increaSes

\ \

the rate of flipping of spin states. Thus line breadening occurs.
. . ‘ e . »"' o ’/ . ‘,‘

C. The;gffect of 6060 y-Irradﬂation on: Fe(AcAc), and Fe(AcAc)

3— i .

Diluted in A](Ackc)q and Ga(Ach)

" 1. Results

¢ hd >

The samples prepared for the're1axation study were

-

~

: 1rrad13}ed at room température in an Atomic Canada 60Co”Gamma

, Cell 220 2.4 x 104 curies unit giving a dose ratg o;ﬁﬂ 2, % 106 -
o 10x10,and77x1o5‘

*

rads per hour dur1ng the experiment.
Tota] doses depos1ted n’the samp]es were in a na;ge of 2.7 x 108
rads to 4.5_x ]0 rraéé? S I T Q
| aThe Méssbauer half Wid:hs of the irradiated’(Fe Al)
. . '(AcAc)3 and (Fe Ga)(AcAc)3 soldids. dre g1ven in: Tab1e 6.3.¢ Both
i "7 7 line width narrow1ng and rad101yt1c decomposition occurred in the
1rrad1a;ed (;e A1)(A€KC)3 systems, wheQEas only 11ne=w1dth§narrow1ng
gwas observéd ir (Ga Fe)(AcAc)3 systems at low concentr*gigzs
-~ ‘\ > The Mossbauer data pf the 1rrad1ated Fé KéAc)8 (neat)
; are givenk1n Tab1eﬁ6.4.’ It is 1nterest]ng to note”that phe spectra =
taken six months after ikraeiatiag_aré aimilar to that taken immediately &
" aften 1rrad1at10n and fhat the rétrysta]]fzed matériai is also é T
' s1m11ar to the above spectra.

* . The infrared spectra of al] the, irradiated samples were .

pract1ca]1y the same as the un1rrad1ated samples. Also, no drasth

T4

£ - . -

* : ..
- . b . N N (59
> 0
- -




- Table 6.3,

Fe{II1) Mdssbauer Parameters of y-Irradiated (Fg.M)(AcAgx;_

.7 M= M (Dose: 3.45 x 10° rads)

twt Fe(AcAc), es {110%)°- - (kP |

100 . 080 - . - 0.8
AR o . 200 £ 011
30 ' 0.79 2,93 +0.07
20 081’ 3.59 £ 0.09
15 0.86 . 475 % 0.12
, o Y T 0,77 +.0.07 1.70 ¢ 0.10
' 5,5 P72 #0.07 - 1.54 +0.10
: 3,3 0.80 + 0.06 -  2.24 + 0.2% .
L. ' 4 . g ’
» o M = Ga (Dose: 2.7 x 10" rads)
ut Fe(Achc), . €3 (110°%)° r (110%)°
.90 0.77 2:06 + 0.11
g 80 0.78 2atrob o )
70 0.78 ; 2.18 + 0.1 -
60 > 0.82 + 0.07 2,50 + 0.17
® 50 .88 + 0.14  2.64 + 0.33
40 - 0.64 +0.12 3.53 + 0.39 <
30, 0.82 + 0,11 3.70 + 0:29
20 0.91 + 0.15 3.27,+ 0%33
0 0.82 + 040 5,91 + 0.40° 4
= e N
‘ @a.“Samplés were irradiated at room témperatuﬁa. \;) . .
‘ . * Mdssbauer spectra were taken shortly after irradiation.
b. Errors are < 10.04} fim 5] éxcept.specified. ’
“c. . Fe(I1) species were also detected, see Table’6.5.
' T, £ ,
. ~‘ ’ ‘
- X

4

3
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’ / ‘. - ' .
change was observed in the mass sBectra of sofe representative

T
samples before and after irradiatign.  These observations indicate -

A

that most of the compounds remained essentially unchanged after! the
.irradiaéfbd described in this study. | _

Neat samp]es of Fe(AcAc)3, A1(AcAc) and Ga(licAc)3
were a]so 1rrad1ated The X-ray powder photographs suggested that
a very small amounf’of A](AcAc)3 Mmight have decomposed whereas

Fe(AcAc)3 and Ga(AcAc)3 remained unchanged.

k]

The mechan1ca11y mixed Fe(AcAc)% Al AcAc)3 samples / .
(pfepared by gr1nd1ng) were 1rrad1ated Thg,resultant Spect a
were s1m11ar to those of-the 1rrad1ated pure Fe(AcAg)

The Fe contents in the 1rrad1ated (Fe. A])AcAc3 samples
-W —

were measured by use of U.V. .3 since Fe* comp]exes with 1-10-

phenanthro1{ne give an-absorption band at 315 mu. The results are . '

2+

* shown -0 Fig. 6(6._ The Fe™ contents detected are eonsiEtent with

the observation of Fe (11) jn'the.Mdssbauef~spectra.“ A typical = °
spectrum ef-the 1rraddated 10% samp]efis-shown"in #ﬁg: 6.7 afid theJ - -
Mossbauer data in Tedle 6.5. These results art compared with,
[Fe(AeAc)z]n22 %ndieating that afl eﬁe observed Fe Qlf speciee are
;igh,spin. - e

e

No H. radical was detected -in the esr spectra of’ \

(Ee.A])(AcAc)3 taken at 78%K immediately after irradiation. However,’
ih some cases {low conqenfeations),Sggidentffieq organic radicals were
obséreed. In addition n0‘weight11b was observed for the irradiated

samples. . . \ .



Table 6.4 -

P
~

. . . ~ . ‘
57Fe Mossbauer Parameters *(110°K) of y-Irradiated Fe(AcAc)a_

- A f
Fe(AcAc), €S Qs Iave

sample 12 Q76 0.83 0.83
L

“Sample 2 0.84 0.73  1.07 + 0.07

Sample 3° 0.75 0.74 0.88 + 0.03

Units in mm s’l; errors are + 0.02 mm s'? except noted.

" Right after irradiation (3:45 x 108 rads). -
. Sample 1 standing for six months. ’
Sample 2 recrystallized in CHCI3.

Table 6.5°

-
—

Fe(ll) Mdssbauer Data* of y-Irfadiated (Fe.Al)(AcAc),
’ : : ! N y
cS . QS T ‘i@éfm(Fe“)

1.65 3.07 . 0.6 + 0.05
1.69 2.84 0.2 + 0.1
1.24 2.35 0.2 + 0.1

W 274 & -

Fe(AcAc)g . . .
1.49 2.40

_ ST .
Units inmm s .
1

*. Errors are * 0.02 mm’s-].

a. Good fits were_noi obtainéd.l'Errors 1n,%pé parameter§ are
relatively large. - ' '

b. Ref. 21.

’ v
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y ‘ oL T 20 ‘ko 0 ~ 8o- = 100 -
. weight ¢/, Fe(AcAc)s in A]t/\-'CAC)sg e

\: + Fe2* - s

Figure 6.6 Plot of T34 Ratio by Weight(from U.V. Spectra of
Fe

- the irradiated (Fe'Al)(AcAc); Samples) vs. the

1

in Ai(AcAc)g

‘Weight % Concentration of Fe(AcAc)3
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2. Discussion

The effect of y irfadiation on the Mossbauer spectra

of Fe(AcAc) has been studied previousiy under different conditionslz’l3.

Llne width narrow1ng and reso]ved QS have been observed] when
(AcAc) was 1rrad1ated'h1th 3 x 108 rads and at-room temperature,
Whereas Mésshauer resonance due to Fe (I11) species has been observed

" in spectra of’Fe(AcAe)3 irradiated with ~logyrads under 1 torr “

hehum13

o 3 . . . v
The former observation has been.attributed to & metional
narrowing methanism'ang\the latter has been'attributed to an internal "
autoradjolysis simultated by irradiation with an external radiatioh

. source;"ginge.Fe (11) species has also been detected in Mdssbauer
00C23 ‘

spectra of high energy electron irragiated Fe(ﬁpAc)3 at L'16

d23 that the Eonditions of irradiation are important

It is believe
and that h1gh dose and Tow temperature may favor the Fe.. (II) formation.”
A]] the irradiations descr1béd,an this study were performed

8 rads), and room temperature cond1t1on.

under a low dose (2.7 -4.5 x 10
. The Mossbauer resu]ts (Table 6.3) of the 1rrad1ated (Fe Al)(AcAc)3
samples are in genera] consisfent wlth the Tine wndth narrowing effectp
observed in Fe(AcAc)B, 51nCe the 11ne widths of the irradiated - .
" {Fe. A1f A_cAc)3 are appreciably narrowet than those of of un1rrad1ated

" samples. The (Ga. Fe)(AcAc)3 samp1es, however are a]most insensitive

' tO'Z irradiation. Td 11]ustrate th1s, the widths  of the un1rrad1ated
samples are compared w1th‘those of ﬂhe irradiated samp]es (Fig. 6.8).

The drasttc change of the 1ine widths in the 0 - 10% region in Fig. 6. 8a

is due to the format1on of Fe (II) and Fe I‘l) species which are not

-~

i -
»
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F1gUre 6.7 Mossbauer Spectrum of, the irradiated 10% - (AcAc}3 in
.Al(AcAc)3 Sample (3.45 x 10 '
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' ‘ N
necessarily Fe(AcAc);. To demdnstrate that the formation of
—Fe (II) only occurred in diluted Fe{AcAc), which is ef?ec?ively
‘ « separated_or surrounded by A](AcAc)3, the mechanically mixed 10%
© g Fe(Ache),
conditions. H0§Fver, no apprectable change in the spectrum was -

. b . .
in ‘A1(AcAc), sample was alsogradiated under-similar -

’ observed after irradiation except Tine width'narrowing "1t 1s .
apparent that the local environment of the Fe(AcAc)3 in the hQSt
matr1x'effects the Qédqolyt1:‘decompositfbn. The Mossbauer resu1ts
) of the irradiated (Fe. Ga)(AcAc)3 support this arguments for the y
rad1o1yt1c sensitivity of the neat M(AcAc)3 is in the order of
. A](AcAc)3 > Fe(AcAc) 3 Ga(AeAc)3. |
The comparatively narrow Vine widths observed in irradiated
(Fe.A1)(AcAc)3 compounds can be qualitatively defcribed in terms
of .the motional narrowing mébhanism12 in which the vy-ray con&er%s a
small amount of FeSAcAc)3 intq FeAcAdgh‘ or.other Fe $II) compounds.
The extra electran could then jump easily from one complex to the

‘next, providing an eff1c1ent reldxation mechanism. Thé Jump1ng rate

3\4 - _ can be estimated from

AN ’ where: A+is the observed /1ine width, QS 15 the quadrupole spiitting
. ) o%'a d- eTecthon in abSence of any relaxation, f is the moie fraction
\\\\ of 3! (I1) and ve the jumping rate of one electron. The observation
\\\xofaFefgll spec1es vqskhe 10% Fe(AcAc)3 region supports this argument.
An a}ternat1ve 1nterpretat1on is¥ that the radiation damages the

cﬁysta] lgqygeg\zzhihe extra electrons induced by the v-rays facilitates.
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the séin-lattice relaxation. ’ |
| The Fe?* . contents in irradiatedg(AI.Fe)AcA;3 samples
aré ii]ustrated in Fig. 6.6 as a function Bf Fe(AcAc)B.coﬁcentLationp
The Fe2+/Fe3+ ratio (by weféht, deiermined by U.V.) for the 10%,
.5.5%, and 3.3% are in accord with the Mossbauer resulti‘wheré-.
Fe2+=p%aks can be actually seen in the spectra (Table 6.5). The

In.

spectrum in Fig. 6.7 is typical of Fe (III) and Fe (II) high
Attempts’%o identify these.species have not yet been successful.

However, the 9 sults are in a great‘degree consistent with a recently

23

o . "
proposed internal autoradiolysis mechanism™ stimulated by irradiation.

- ’ L It is known that free organic ligands such as acetyl-

T . » 23, 24.

acetone are radiosgnsitive Esr experiménts’ showed that

the most important primary stép in the radiolysis:involsves the H. radi-
cal which is very mobile in a so]id23’24. When these -1igands are- <

complexed to a transition metal, the radiolysis is inhibited by

the metal cation through oxidation-reduction radiolytic protection
£

meéhanism25. Thus, the high'radiation stability of a series of

ligands compliexed t4 metals has been attributed to the fast annihilia-
' ‘ 23-25

o

.. _tion of free radicals by the oxidation-reduction mechanism

According to Baggib-Saitovitch et a122

IIIRH2=Fe(AcAc)&3 etc.} is proposed for the y-irradiation

,» the following
- mechanism (Fe

study -of (Al.Fe)(AcAc)

N
- ‘ ) - ‘
- , ) Y _
. FeIIIRH - feIIIR. + H. (primary’ _(6.3)
Y ' ’ .
AT ey o a1 T1R, 4 H. step) . (6.4)

11

Fe lpy + 1. - Fellpy™ + #* (reguction) (6.5)
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— rel R, + H. » FelllRy - T (6.6)
. 0 mMR sy s m gy (6.7)
. , - . »
h sé.equations by no means represent the real mechanism but >

rathe qualitatively ilfustrate the results obtained. Egs. (6.3)
to (6.7) are probably the most important processes occurring during the

o . chemical stage o%’the radiolysis. At higher Fe(AcAc)3 concentrations,

eq..(6.5) @ probably not effective. Thus the small amount of.

FeIIRH) produced (in‘this case Fe(AcAc)é ) Teads to a motional.narrow-
A ‘ img mechanism. At lower p;ncentrations, eq. (6.4)°tend§ to facili-

tate -the reduction process, eq. (6.5), which may lead to stdb]e Fg(II)~‘

products. Furthermore, the following degradation processes are also

: poss%b]e: . ) ' B .
% - alllp, o omithep o (6.8) -
" pelllp, - relll 4 g, (6.9) )
I | refle. o pell v o boeroy

) ’ J . ‘.
The esr evidence of unidehtified organic radicals indicates these
possibilities. The irreverSibility of the Fe(II) spectra (remained
unch;;ged'afte; six‘months) and the esr results for (Al.ée)AcA;3

- (ére'coggistent with the radiolysis of [FeIH(dip_y)3]C104 which was .

1haracterizéd by organit radicals as‘well'és irreversible Fe(Il) spectra.
. It s appafent that the radiolysis of the impurity, FE(AcAc)3.
" in host matrices, Ga(AcAc)é or'A](AcAc)3, depends on the. Nature of i

tA:\HEEPif material and the characteristics of the "solid solulion" _

P
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which haS'noP been fui]y investigated. It is very ]ike]y.that
a host matrix [Ga(AcA6z3] which has‘%igher radiation stébi1;ty
.than the impurityv[Fe(ACAC)3]'tendS to ingjbit the. impurity.
molecules from radiolysis, whereasa matrix [A?(AcAc)3] with lower
radiation stability tends to faéi11ta£e the radiolysis. e

<

Experimental

Tge metal acetylacetonates werer prepared by use of

26 except Ga(AcAc)3

~standard procedure described in the }1teﬁatuke
which was prepared from Ga(N03)3 and acetylacetone in presence of
sodium acetate in aqueeus solution.

The "so]idfso1dtion" samples of ‘(Fe.M)(AcAc)3 were prepéred
by dissolving appropriate amounts of Fe(AcAc)3 and the corresponding
host matrix material in chloroform. [The sq]utiﬁﬁ wa. s evapdrated
slowly at rodﬁ temperature and ‘under atmospheric pressure. K3(A1.Fe)
(0204)3/was prepared by a simiiar method in aqueous so]ution14.

The 1rradiatioﬁ was perfermed in a 2.4 x ]04 curies Atomic
Energy Canada Gammacell 220 unit agsemb1y at the Cancer Research
Centre of the University of Western Ontario. All the irradiations .

were done under the following conditions (all at room temperature):

“a. In po]ythené vials w{th no access tp air under nitrogen.

b.. In glass tubes wfth pinholes with restricted access to air.
Results obtained under above conditions are practically the same.

Three dose rates were used for the irradiation.

6

af 1.2 x T06 rads per hour and f.O x 10” rads per hour were used for

£




the irradiation of (Fe.A1)(AcAc)3 4nd related samples. . .-
b. 7.7 x 10° rads per hour was used for the irradiation of
(Fe.Ga)(AcAc)B. »

The total dose deposited on the samples are 3.5 x 108 rads to

8 8

Y 4.5x10 Trads

rads for the, (Pe A1) (AcAc), solids and 2.7 x 10
for the (Gaqu)(A;Ac)3 solids.
Mossbauer spectra were obtained by standard methods
described in Chépger 1 with an energy scan of'i ~12 mm 571.
A 50 mCi i}égﬂzCu) radiation source wastyept at room temperature. :
The QO%CEE:jche&$1% sample was run at PUMC Harwell. A1l the samples -
in the (Fe.Al)(AcAc), s"'em"es were enriched with 57Fe to ~10% 57Fe
“céntent except the 1%. In the Ga.Fe series, oniy the 10% sample
_was enriched to this‘1éve1.‘ ) ‘
_ Other spectroscopic experim_ents (U.v., mmr, IR) wwone
by uée of the routine techniques‘available,in the Chemistry Department,
;/,H”w .0. ,whereas the esr spectra and X-ray ‘powder photographs were takkn
1n/the esr and X- -ray 1aborator1é§ in the Chem1stry Bepartment, U.W.0.

respect1ve1y _ B ¢
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APPENDIX I

._Room Temperature Spectra of tRans ﬂgQSn(AcAe)q_

-
-

As d1scussed in Chapter 2, the Go]dansk11~— Karyag1n asymmetryi '

can be used to calcu]ate the am1sotropy of. the thermal mot1on of- the Sn

. atom.;'Th1s asymmetry, often.expregseg by the deviation of therlntens1tx

11ographic

? ratio from Gnity; can then be cegpared diréct]y with X-ray _cr

~
k3 i P

¥

the same temperature. o .

-

e ¥ A'room temperature X-ray study of trgns MeZSnAcAcz has been
' reported] It is necessary;to oHla1n room temperature spectra of trans ’

< Me SnAcAc2 to make' the compar1son poss1bJe ' F1gure ALl is a typ1ca1

3 /

RT spectrum of unassoc1ated trans MeZSnAcAcz. The observat1on of room

meperature spectra2 strongly 1nd1cates that 1ntf‘m91ecular 1nteract1ons

are more important in determ1n1ng both f factor and Goldanskii asymmetry
o thgn previously assumed3 '

- . - P
. «

3

o - ST ,
The Go]danskii - Karyagin asymmetry observed at roumdtemper?ture

~can now be used to der1ve the difference 1Q.mean square v1brat1ona1

amp11tudes of he*Sn atom para]]e] and perpend1cu1ar to the Z EFG axes;
%

2 | " since the Mé axis- i's unamb1gu0us1y the Z EFG axis. mTh1s d1fference

\\“\~—~—' derfved from room temperature can then be compared d1rect1y w1th that ', ‘

\ v & - > hd
* w . ¢

der1ved from X-raf data. r ' . o SRR

¥

The area ratio (A) -of the 3/2‘and 1/2 Jines c4n<be‘e2bressed
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[ ' ’ .‘\ ' * N B
. : . K I§_ 3‘1 1 +u2e wzdu T -
v, : . A = % S 0 2 ’ (m
S ' Mz fl E“ du -
. ~ ' " . ’ ’ : - '
1. »u' . . ) ‘.
s whe;s € f.(< X]]> - < X] >) //?(” Lo
A - , ~
_ and . u = cos 6 ‘ \
-.5 ’ *

" The sign of equ for Me§Sn(AcAc)2 is Positéve indicating that the
observed A value in eq(A.1} is 0.72 + 0.02. Numer{cal sb1utjons'to

eg.(A1.1) gives € = 4.1 + 0.8. Tak1ng E =, 23.9 Kev, this.values
> leads to <X?l> - <Xj? =R, 8 (+ 0.6) x 10 ]8 cmz, in good agreement

+ ¢ with the\yalue of 2.92 x 10

ated from X-ray data1 assuming
that the 3rithmetic mean of axis 1 and 2 could be used for <Xi?.
fg important to note tkat e is verj sensitﬁve'to small. changes in A,

%]> - <Xl_2 is large. Un]ess A can be measuréd

‘It

and the deviation in <X
(and this is not easy.to do with room‘temperagpre spectra), the Mossbauer;

-determ1ned <Xlr> - <&i? W111 have a 1arge uncerta1nty

N oL N N ~ . )'.o

. . - L . | s _ o
References oo : e

1. G. A. M111er and E. 0. Schlemper, Inorg Chem 12, 677, (1973).

4 2. G. M. Bancroft; K. D. Butler, and T. K Sham J: Chem Soc.(Dalton),
a in press ’ ,

3. R.'C. Poller, J. N. R. Rudd1ck B. Taylor and D. L. B \To]ey,
J. Orgaqpmet £hem. 24, 341 (1970)

B

P. Flipn .s. L. Ruby, and H. L. KehT) Science 143 1434 t1954) _
G M Bancroft and R. h. P]att Adv. Inorg Rad1o¢hem 15, 59 (1973). -

.y ~

e




v ‘ i
APPENDIX 11 T -
. f \ B . . C .
\. ) 4 ' . % - l .
- ‘J_ O . - ! . .
g 'w\Jigg + Mg Mdssbauer Quadrupole Splittings for - e
g B : i . ; ‘
o x v D‘i'stor*ted'MeZSnIv Structures
» ‘f‘ L . . ‘ ) . - 'y s - , .
* \‘ The add1t1ve modehl 2 so far d1scussed i$ based™Oh the
- . assumptlon that all mo]ecuies have the 1d£51 geometfy. Alf ugh

extensive. results Rave been‘successfu11y interpreted on. this basis,
this mode] dods not give a chem1ca11y rea]#st1c picture when surpr1s1ng
‘ structura] s1tuat1on arises. For example, the unamb1guous R

7 ' ¢ ’.
. ) .. S e 4
. ass19ned 51x cpord1natg'sthuctureg;pfaMeZSn(oxTn)z, MeZSn[SZCNMe2]3 | (1

and Me, Sn(5a1en)5 hav;‘C—Sqac bondzang1es varying from 110° to 136° . .
to 140° respect1ve1y These angles are s1gp1f1caﬂ’/} deviated from the <L
’ exp ted 90° and 180° for cis RZSnL4 and trans RZSnL4 respeet1ve1y o 'u_c
iAn alternative descr1pt1on of the unusual stigctura] situation otcurred o
i

© . in MeySnl, (L2 are anisobidehtaté6 1igand;; ‘most case$) is given below.

—

p Thg literal po1nt charge model s used for the 1nterpretat1on in
Al

. .. , conJunct1on w1th a further assumption that the quadrupo]e splitting 4s ]
. ‘ A}
set up just by the'MeZSn un1t. This- assumpt1on rs reasonab]e in most Cagpss

. since for octahedral compounds cbnta1n1ng oxygen,wnjtrogen and halidgyifgands,

] . { !
the, pqé‘va]ues'of these 1igands7 are nearly all + 0. 10 mm s -1 —compdhEQ r

[y L]
W1th the Me va]ue of - T.03'mm s -1 .-, Any contribution to the Qs from;
. such 11gqnds then shouﬁd be small. - JR ' -
] \ C ¢ - N e
| ) The axis system g1ven in F1g A2 1 is used for the MeZSn unit.
. 1
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The EFG expressions.are: -’

3 : ) 2480
: , o —
. Voy = -2 [Me] ' (A2.1a)
1 A Joe . ' .
) Vpy = 2 [Hel (3 sinzek'l) RN G
V., = 2 [Me] (3"cosze - 1) R ' ) (A2h.1c9

33 i S

J1 is perpend1cu1'ar to the RSnR p]ane while V22, V33 are cop‘lanarr

QS is pos1t1ve from 180° to 109.5°% where 1t chaﬁges S1gn ¢

¢ IV

N1neteen crystal, structurés of MeZSn conipnnnds with known’

LB

with RSnR | : .ox
Iy , ?\ " { ) 8
By use of the symmetrized parameters 4ntroduced by Clark™,
the. QS is expressed as: | N C !
L, U ~
* gs < 4 {Me} [t -‘T sint 6%cos?611/2 /. | (R2.2)
. . :
where * (M} = 1/2 'e%Q [Me] IR
¥ . | . ¢ : ¢ .
. ’ b
The QS as™a function of C—Sn-C angle (180-28) can be readi]y calculated
Ursirrg‘{Me}ﬁCt - 1.03 mm s -1 (Fig. A2.1, solid Hne} The 519n .0f the

’ o\ . 1866

» o

QS (except Me,Sn. CN)’Z) are now avaﬂab]e (Tab]e A2 1). Coinpounds (1-13)

“and (17- 19) have been unamb1guous1y assigned as six and five coordmge
structures respectwely, where as MeZSnC-]2 and MeZSn(NO )2 have been
c]assed as, e1t+1er d1storted tetrahedra]‘o:* ectahgdrﬂ structures.

In Fig. A2.1, the. observed QS are pTottéd agamst the: Me- Sn ﬁe

-angle for these compo_unds. The agreement between the pred]cted and the

observed values ‘is. good considem’ng the ngSS'assumptionsf' only for'f

MezSnC12 and MeZSn(NO )2, the devuatlon is s1gn1f1cant (by more than

0.4 mmsTh). . SR S .
) ~ ' '
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. The {Me}-value for five coordinate structures is tekenﬁhs' '
the a:!tage va]ue»ofb{Me}tbamT-0.94 mm s']) and,{Me}tbe (-1.13 mm s'l) 4 '

- ..
- P

v

derived in Chapter 5. It turns out that_this average value is identical
to {Me}°Ct, . '

€ »
The three PhZSnIv six coordinate structures shown in F1g(‘A2 T P

also give the same. trend.. Thus, Ph SnCﬂz(b1py) (20 in Fig. A2, T)

10

- Ph,SNC19(DMS0),, ~, (22 1n Fig A2 1) have Gshie c ang]esof 173.5° and '
» )

~1" -1

169-7° and‘QS of 3,86 mm and 3 54 m s respect1ve1y, while

thﬁn{S ) (21 in Fig. A2'1) has a G-Sn-C angle of 101.4° gnd a .
22 12 .

QS 6F 1.76 mm s . - . . ‘ ' B
i v ’

. The good agreement between predicted and observed values in
Fig. A2. 1 (mth the exception bH’re ,SnCT, and MeZSn(N0“3)2) 1mp11es:~ ;
ﬁahat {Me}OCt: - 1.03 mm s -l ‘is a'gpod working value. However, {Me}OCt' 0:
value cannot,be-constant,'sinde the bonding‘shoqu change when C-Sn-C

deviates. The var1atron in Jllssn CH' va1ues (TabTe A2.1) reflects
oct

this change. There must be some coMpensat1ng effects wh1ch keep {Me} =y
effectiveiy constant. Two such effecgs are apparent 'F1rst as the Sﬂu i
°Character;of'the Sn C bond decreases (making” MMe} more negative14) the X

»

~

bond length 1ncrea§es (makmg {Me} more pos1t1w Except for compounds
- " * o> 2
‘1, 3 and 4 in Table A2.1, there 1sua genera] increase in Bond Tengtimes ’

the C-Sn-C ang]e 1ncreases, but the errors in the bond length are too

-

Targé'to allow a' firm trend Second, it is Tikely’ that this effect

appltes to ﬁETOCt a]so, making- {Me3PCt _ (130t nearly constant, ' .
' .
, The two Q?‘va]ues which T:Z‘EGEEfEntiaTTy off, the octahedraT .

curve in F1g AZ 1 are those for Me,SnC1, and Me,Sn(NO, )2. These twd

<
a , -

compounds are better descr1bed as distorted tetrahedra] structures, with

" Me SnC]2 being s]1ght1y assoc1ated and the bidentate. N03(O Sn O angTe of 55°)

: s
L1 ; ‘
) ’ .
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~angd Ph, structures reveals that’the very distorted structures always

A )
=y

: of known structures can be ‘éstimated. Since tke bonding property of

-t

]

atoms into inequivalent positions. A similar situation has been observed
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. ‘ .
effectively occupying a strucﬁura position. - The expected tetrahedral

2
tet _ -1 by .

- 1.37°mm s

curve (brpken line) was calcu] ted .for {Me}

the octahedral curve.
_ A careful examination of the molecular structure of the MeZSn

have chelates L2,1‘gands with a small bite for the relatively large Sn
atom. Among these nonfassociated structures, there are four or five
membered rings, and the small bite of the cpelates forces the coordinating

-

in five coordinate structurés (Chapten 4)..
»

If the effective b1te of the Tigand js known, it should be

poss1b1e to pred1ct qua]1tathe1y the Me-Sn-Me angle.” In turn, the QS

the Tigands should be a]most eonsfant for Sn(IV) in all compounds, it
still seems ent1re1y rEasonab1e, for pred1ct1ve purpo;;s, to der1va a
Pgs va]ue 13 the‘d1storted‘comp1ex u§1n9.1dea1Ageome?rygcalcu1§t1ons,
It will not be\bossib1é,‘howevef, to use pgs values (dérivedAusiné
distorted %&:uctures) for bonding estimates as has been. done for regu1ar
six cocrdanate structures 15 , - j
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