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Shmmari

Photolyaié reactions of Fe(CO)s. group Vi hexacarbonyls,
H’ome s#bst;tnted group VIvhexacarbonyl derivatives, and
“;k py;1opeﬁtadieny1 manganese tricarbonyl and some felated compounds
f ;§?ﬁydroc§pbon glass have been examined. Reactions.in the more
{f?é;active glaas.‘Q-methyltetrahydrofuran, and reactions of the

" above species in hydrocarbon glass in the presence of some

fV&fpoténtial ligands have also been examined. The glass temperature

- throughout this work was 77K.

Rea¢tion monitoring throughout.waa‘by 1.f.kopectroscopy.
‘\hégtiy observing the carbonyl stretching region only.‘andvtﬁe
ié#ioéf of the work was to observe the;results‘of ph;tolyeic in
';5gs.s,5nq to Correiat; these with:reaults qﬁtained 1n‘veryﬁ1;ﬁ4
'13 §;;perature gas matrices and in solution by ofher ﬁefkéra fathor;'

t‘_tpan to determine the actual photolysis mechanisms, In many

: ﬁ§¥periments‘g1asoea containing photolysia fragment.'were>l.
f;ééiibofately allowed to warm up beyond fhé glass softﬁning‘
'ffé%?ompiraturo‘lnd the chingoa occurring 6n glase eof;onina woro“
4ﬁfijbh1tored in an attempt toklink the results oﬁtainéﬁhiﬁ thév\:;}gx“
f#ilos§e with'resu1ts of phétolyeis‘in éolution where molééﬁi;éi%
fd;erQ'fo associate, |

i ;ihe prédominant\reaction in all fhe éyétema etud#ed 19 ;;' 

N

glasses was stepwise CO loss, and many CO deficientlfragmenﬁpf

'hlﬁavb‘been observed and identified as far as is possible from =
., their i,r, spectra. In cases where the results of matrix

s



isolation studies were available the results obtained in this
work are consistent with these, The results obtained in

 A;thydrocarbonvg1ass also support the view that saturated hydrocarbon

4-teracts with CO deficient metal carbonyl fragments to an
S &
s« ,extent not realised until very recently. Another point of

4honora1 interest which has arisen from the photolysis reactions

; ﬁ fin hydrocarbon in the presence of added donors is the importance

“i{;féf pre-photolytic association of carbdnyl and potential ligand,

i

;Z ?¥fTho'posaib1e effect of this type of association on solution

‘:i phofochemical reactions does not seem to have been previously

‘*ioqognisod’and should certainly be investigated.




Contents

Chapter 1:

- ' Chapter 2:

“fmfnghapter 3:

Introduction

Introduction

Matrix Photolysis

Infrared Spectroscopy

Nature of Photolysis Products
Conclusion "

Pentacarbonyliron

Introduction
Photolysis in Hydrocarbon Glass
Photolysis in Reactive Glasses

Conclusion

Group VI hexacarbogzlg

Introduction

Photolysis in Hydrocarbon Glass
Reactions‘Occurring after Glass
Softening in Hydrocarbon

Photolysis in 2-methyltetrahydrofuran
Glass

Photolysis in the Presence of Other

Potential Ligands

Conclusion

page number

1
4 .
10
12

21
23
24
33

47

49

50

61

71

79

101



: Substituted Group VI Hexacarbonyls page number

: introduction 104
Spectra of M(Cb)sPR3 in Hydrocarbon Glass 105

?‘f  Photo1ysis of Mo(CO)sPR3 in Hydrocarbon

vf‘Glase , | 110

Photolysis of Mo(CO)S(Tcp) and

‘ﬁ(CO)s(p(opr‘)s) in MTHF Glaes 119

Photolysis of trana-LzM(CO)4 Compounds 121
- Norbornadienetetracarbonylchromium 124
w;éonclusion ' ' ‘ 1326

'Cﬁ@pggr 5§: Cyclopentadienyl Manganese Tricarbonyl

" and Related Compounds

'

' Introduction 128
.éhotolysis in Hydrocarbon Glass | 129
';fhotolysis in Methyltetraliydnofuran Glass 133
4:Photolyeis in the Presenée of Other

;otential Ligands | . 139
:lab&clopentadienyl Manganesedicarbonylthio-
 fcafbony1 _ A V 143
J,_‘épnclusion - . | e »‘aﬁ’i43  €;

- Bxperimental Techniques

fﬁlntroduction’ : L i f 145
s .~ ;.h‘ N : : - N o L v_ . : -

©© A) Preparations and Purification of

Reagents . : , . 146
N . . . -

7.'B) Low Temperature Cell Construction




Photolysis Conditions

“ . D) Infrared Spectra

7 B) Ultra-Violet and Visible Spectra

152
152
157

159




e

Introduction

Stable metal carbonyls haye been known since the turn of theﬂ
.cantury1 and the mechanisms of their thermolysis and photolysis have
;:ﬁ?én éfvinterest for at least the last fifteen years.z’3 The principal

fogson,for this interest has almost certainly been the potential
i‘l':ai:allyt'.ic importance of metal carbonyls. Before 1960 most of the work

‘.j done on metal carbonyls was concerned with their reactions with bases®

‘iand’oxidisings and reducing6 agents in polar solvents, the main
“.interest being the unusual oxidation states of metals obtainable in

" these reactions e.g. Fe(_z) 6

« However, in the course of this work
Qamany neutral Qerivatived of the stable carbonyls were discoveradland
;"'it was found that metal carbonyl derivatives could be prepared including
a gréat variety of basic (o donor) ligandsz Following the development
fof metal cyclopentadienyl chemistry in the 1950's, a large number of
'H»Qaial carbonyl derivatives including T donors such as cyclopentadiens
l were made around 19609’g As in most of these derivatives the coordinated
"E;igaﬁd was activated in some way relative to free ligand, yst most of
the ligand additions were reversible, it was realised that unsaturated
x:fqpetal carbonyl fragments could have catalytic properties or function
'és reaction initiators. Since then many catalytic processes involving

‘metal carbonyls have been studiedlo’11
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Interesf in the nature of unsaturated carbonyl fragments, which was
';H a;sp stimulated by theoretical questions about molecular geometry12 and
: the nature qf;matal-carbon bond cleavagezz coincided with the advance of
'3§if ti;#‘ spectroscopy, which proved a particularly useful technique for their

B

ZVSJ;fétudy, in the 1960's, The first isolation and structure determination

;‘Tof’an unsaturated metal carbonyl fragment was accomplished by Stolz,

o Dobson, and Sheline in 1963 %

‘During the 1960's many kinetic studies of metal carbonyl substitution

15,16

-, reactions were made and it was shown that an important mechanism

A

‘.tq*ih all the photochemical and most thermal reactions of unsubstituted

;carbonyls was loss of ore CO group followed by substitution with another

kk‘”£~}fligand. The availability of matrix isolation techniques around 1970

xfrﬁ.'{ a1luwed much more detailed study of unsaturated carbonyl f‘ragmants}”’18

’:but undei conditions very different from those normally existing in

“Tzf #'°¢ti°n systems.

In this work the photochemistry of unsubstituted and substituted

e :
; v

.” f'Vgroup VI carbonyls, pentacarbonyl iron, and cyclopentadienyl mangansse

. . ¢
;:tricarbonyl has been studied in frozen solvent glasses, using a similar

" technique to that of Stolz,Dobson, and Sheline, to try to show what
{ftha‘solution photolysis intermediates actually are, and to provide a

‘link between matrix isolation and solution photolysis worke.
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ﬂhé actual nature of the excitation processes and the excited

1,§taﬁfs involved were not investigated. It is interesting to note that
””u,éllwthe primary photochemical reactions observed involve loss of-a

: tuq,electron donor ligand (usually CO) whersas in organic photochemistry

‘the predominant primary process is homolytic fission of a single
s,covalent bond to give radicals. A molecular orbital energy level

‘ %,%diégram has been constructed for Cr(CD);? In the Cr(CO)6 case the

host'likeiy excitation to give rise to CO dissociation (at least with

, transition (» 35700 cm"1).

"' . the energy of light used) is the 2tzg-—->-4t1

Tﬁis'is mainly a charge transfer transition from metal to CO and may

BEETE 20
. be followed b intersysfam crossing to a triplet state before
i y

: @ qissociation of CU, Photolysis of Mo(CO)6 and hl(CU)6 probably proceeds by

o g;similar mechanism. In the case of substituted hexacarbonyls no

{_quantitative snergy level diagrams are available, but it has been

ﬁépggested that the lowest anergy metal to CO charge transfer is to

‘that case.
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Matrix Photolysis

 ‘iPhotolysis reactions in a solid phase such as a frozen glass;or
a solid argon matrix are not only dependent on electronic factors but

also on the physical interactions of the starting material and reaction

“‘products with the matrix. An isolated molecule can be thought of as

pﬁing in a cage formed by the matrix molecules around it, and, if the

" molecule isAphotolysed, the fragments must be produced with sufficient

?;kinetib energy to escape from the matrix cage. This can mean that the

O

E matrix photolytic reactions of a species are different from the primary

féactionS'of the same species in gas phase or snlutiongs'24 Nprmally

' jfionly’very light fragments (e.g. CO) will be lost in matrix photolysis
]f—dhile in gas phase and solution photolysis there is evidence for loss

i :
-

©ef trialkyl phosphines from W(C0),(P(C,H

24
7)3)21’0:' example’

wf{_Another phenomenon evident in photolysis in rigid media which may
fnot occur in gas phase or solution is 'photoreversal' in which the
lﬁinitial‘photolysis is reversed on irradiation with lower energy 1ight."
VfOf‘course the importance of such a process in non-rigid media is

@%ﬁ‘fb

‘Q Limpossible to asses since there is bound to be a large amount of
iﬂtacombidation of photolytic fragments by thermal pathways, in

bpgqnometéllic systems at least, Until very recently it was‘thought; ,

thatlpho?axeversal in inert glasses and matrices was in fact a thermal
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25,2

process 6praceeding in two steps. First lower energy light was

»‘abso?bed by‘aﬁ unsaturated fragment and then this fragment lost energy
by a radiationiess pathway and in so doing caused local softening of

A_éﬁe maﬁrix to allow thermal recombination with the other part of the

’Lphoﬁolysed molecule., Howsver, very recently it has been suggested by

; éurdett27 that the time taken for an electronically excited fragment

 to lose its ensrgy as kinetic energy to all £he molecules in the
gurrounding matrix is very short indeed and that the surrounding matrix

would only be non-rigid for the same order of time as the period of a

"‘.‘mnieculér vibration. This ssems to be in agreement with the fact that

i¥on;y‘loss of very light fragments has been observed in matrix photolysis
r:where it appears that, if efficient photolysis takes place, the excess

xht 9nergy of the photolytic fragments is transferred mainly to the lighter
f?agment ih the form of kinetic energy,rather than being transferred to
ﬂf#illthe'molec;les in the surrounding matrix. Other evidence which could

" 'be. taken as support for Burdett's view on local matrix softening is the

* observation of the high energy conformers of Fe(CU)s(NTHF)2 and
i,i;;CpNh(CU)z(MTHF) in hydrocarbon glass, which will be discussed in detail

: ”i\in»latet qhapters. If local matrix softaning takes place on absorption

o  bf'lbw,energy_light, the above spécies would be expected to rearrange to

'p:adominantly'thait minimum energy conformation on prolonged irradiation.
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This was not observed., In the cases where rearrangement was observed
(;.e. Lﬁo(CU)4 etc.) the preferred conformer depended on the wavelength
of the irradiating light and so the isomerisation must be photechemicai :
. rather than thermal. It should be noted, howsver, that rearrangement
. of fragments immediately after photolysis is possible and probably
oceurs in the case of Cr(CO)5 etc. It may be the case that photoreversal
;f%s a truly electronic process, but this is b; no means well established
ﬂ.-;;;ae yet. -
it is’important in any study such as this where a Highly specialised
foechnique is being used to relate results obtained to observations made
',fgin tha main stream of preparative chemistry. In the two preceeding
paragraphg two important differences bestween matrix and solution
:kphatolyais have been described. However, another important point to
iA;baar in mind is that the fragmsents observed may be radically different
f;om thé intermediates involved in éolution photochemistry because of
‘{#h?.very different reaction conditions (e.g. temperature) used. For
1€§ample in all cases examined where a metal carbonyl was photolysed in
:pgesenﬁa_qf a potential ligand pre-photolytic association of carbonyl
'é_gnd ligandrwas very important., This could also be the case in room
j:;:‘1';,*”'._?‘r“nperai‘.ure salution reactions, but it is likely that the degree of

‘¥association is considerably less there, By allowing a glass or other




matrix to soften thermally it can be seen whether an unsaturated
f;agment generated photochemically in that matrix is in its most étable
form at the temperaturs of the soft matrix. However, this does not
necessarily give much information about the room temperature stability
of that fragment. For sxample it has been pointed out that Cr(CO)5
‘generated in an Ar matrix reacts very slowly with CO at about 35K28,
‘vlbut Cr(CO)5 in hydrocarbon solution at 195K seems to react faster with
Amany non m-acceptor 1igands’than with CO (as will be discussed in a
yléfar chaptar), and so it is not gurprising that the reaction at 35K
~with CO is slow although the Cr(CD)5+CD reaction at room temperature is
’yegy faat?g '
It may also be the case that unsaturated fragments interact with

“a matrix material which is normally thought of as inert and in this

- way their properties may be considerably modified. The best documented

 example of this is re(co)a for which species r(c0)4x9, Fe(co)akr, and

 Fe(CB)4(CHd) have been identified and which probably exists in hydrocarbon
at 77K as predominantly Fe(CU)a(alkane), these compounds all being
¢~ponsiderably different iﬁ structure from Fe(CU)4 in an argon or SF
‘f ﬁatrixgg The group VI pentacarbonyls almost certainly interact with

. all these materials and this interaction is reflected in shifts in the

o vinible‘apectrum of Cr(CU)5 between different matrix madia?a In mixed
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.. Ar:CO matrices bath Cr(CU)s{CU} and Cr(CU)éﬁr]species can be picked out

¢

‘1§;1ﬁ'thé vigible spectrum?U and similar effects have been observed for
RN | . . . 90 :

.. group V1 pentacarbonyls in other mixed matrices, However, since these
speties all have very similar i.r, spectra, they are similar in structure
and almost certainly in chemical properties. Again this type of interaction
; f_has been studied only in matrices at low temperature and its relevance

to room temperaturs solution photochemistry is unknown.
"*i Matrix photolysis at very low temperatures (around 20K) is
?ibertainly the best technique available for the production and identification
of unsaturated metal carbonyls and the information so obtained has
e . . I} .

~ provided much of theoretical interest. Glass photolysis at 77K, on the

other hand, provides some sort of link between matrix work and room

'7j;temberature‘photochemistry. Glasses can be chosen which have similar

?ptépaftias to solvents in common use. However, tharevis always a 190
ngdfgieaiemparature difference between the glass and room temperature
':ubich mayiaffect reaction rates drastically and threes types of processes
‘;uhiéﬁtéoﬁmonly occur in solution reactions, i.e. precipitation, gas

ryévolutioq, and polymerisation cannot occur in the glass,.

y 7{;* -A common problem in all matrix isolation studies is being certain

' Ehat the molecules under examination are actually isolated. This can

. be ‘;Qiifficult in the case of small gas molecules s.g. for CB in Ar to
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C o achieve: complete isolation of the CO molecules a ratio ArsCO of 8000:1

sé&?-;,

ff“Qes requirﬂd. Normally starting solutions used in this work were around

R
i

Cng T

M and ths solvents were around 7M f.e. a moleculs to molecule ratio

for glass:solute of 700:1. Although the resolution obtainable in
,;g. spéétra of glasses was not good enough to show if molecules of

' © “'starting material were isolated, no evidence for polymeric species in

 f;£he glass was found,except in cases where crystallisation of some of the
>‘b“;53tarting material was cbserved, after photolysis. Many of the results

*;vara very similar to those observed in inert gas matrices flor corresponding

c moleculés. It seems likely,.therefore,ithat isolation is achieved fairly

¢

‘well in most cases by freezing solutions about 10-2N in metal carbonyl,

R and any polymeric species formed will be very minor products, The ratio

fﬁg;;‘isdf Cafbon'atoms in the glass to starting material, which is probably

éofa cbmparable with the matrix:solute ratios normally gquoted for

‘”:1"ﬁ6natnmic and diatomic gas matrices than a moleculesmolecule ratio, is

. ‘xiﬁround 4200:1. At this dilution a w(CU)6 molecule should be surrounded

-

f:;{by éight nearest neighbour glass molecules assuming complete random

1”;’packing in the glass. It was found that freezing a 10-2N solution of

‘ﬁ Fé(CU)5 in a 1M solution of a potential ligand in hydrocarbon gave

* almost 100% association of Fe(CO)&and ligand (ligand:solvent ratio |

- 3
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"The degree to which pre-photolytic association of a stable metal

‘carbonyl with a potential ligand took place was surprising. In the

J:éyéta@ most closely studied, Fe(CG)s/THF, it was shown that such

i éééociation‘uould take place in liquid solvent at 120K as well as in
'“v‘fftozen glass. Such association had only been noted previéusly for the
;N %;‘£0’5/X2/héptane system at 195K (X=Br,I),:,51 but it was found to be a

f‘general phenomenon for all ligands investigated. The effects of association

"are more obvious in the i.r. spectrum of Fe(CD)s, but the same type of
process occurs with group VI hexacarbonyls and cyclopentadienyl manganese

©- %7 tricarbonyl.

' +Infrared Spectroscopy '

. The main method used for ‘observation of isolated species and reaction
2 monitoring throughout this work was infrared spectrosbopy looking at only

‘the CO stretching region (2200-1700 cm-1). Since CO stretches in metal

t‘fcgtbbnqu cause very strong, sharp i.r. absorptions, this technique

;"provides a fairly sensitive and informative method for observation of

Néych species. Also the 2200-~1700 c:m'-1 region was free of intense solvent

- absorptions for all solvents used. The lowsr limit of concentration

- required for detection of mnsthmatal carbonyls in glass at 77K by

‘f'qpéervation of their strongest bands was »40-4mausing 0.1 mm path length.

: - :
. e .
Alﬂ other~:egions of the spectrum absorptions are much less intense, and
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., 29,324
so higher concentrations would be required. Many force constant studies 9532,

33have shown meaningful informgtion can be obtained by treating the CO
atretching frequencies in isolation and a modified CO-factored force field
. s;mi1ar to»thgt introduced by Cotton and.Kréihanzalszis used throughout
”ﬁiﬁhis work. However, in most cases insufficient frequencies were ocbserved
ito allow calculations to be made. In gas matrix isolétion the prcblem of
“lack of observable frequencies is usually ovércome by isotopic substitution
‘25’29, but, since this is more difficult in glass studies (see below), no
such experiments were carried out. In a few cases bond éngle calculations
ffom i.r. band intensities were possible, but the reliability of such
calculations is question'able:.s4
The resolution observed in spectra of glasses was much better than

that in the spectra of solutions at room temperature on the same instruments,

. but was much worse than that observed in most gas matrix isolation studies.

v

;w;%Tbmperature is presumably the most important factor here, but alsc glass

‘matrix materials all absorb to some extent in the region examined making

the use of a reference cell necessary, and attenuation of the reference

'L;baam by the reference cell reduced the resolution. Tha comparatively low

resolution (by matrix standards). led to problems in identifying cverlapping
bands and»uould have rendered useless any attempt at isotopic substitution

experiments. Matrix splittings of bands, common in gas matrices, were not
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observed, probably because of the lower resolution, and the band shapes
were usually‘quite regular (except in cases whers there was assaciation with
a potential ligand) after freezing, indicating no strong prefersnce for a
‘particular type of site in the glass, which probably means that all sites
, areﬁﬁhamically identical. Except where there is association of carbonyl
and a Lewis base, cooling has little effect on tHa CO stretching frequencies.

JThe Nature of Photolysis Products

Since CO is one of the best w acceptor ligands known, it causes large
ligand field splittings and so stable metal carbonyls tend to be sighteen
elsctron species, particularly in the middle of the transition metal

:ksa?ies. In the photolysis processes studied the dominant primary reaction is
" loss bf CO and this gives a sixteen electron fragment with more electron
density in the M.0.s derived from dy atomic orbiﬁals than the corresponding

eighteen electron complex. Many such fragments are known in matrices17’18’25’

29. All seem to be thermally stable at least at matrix temperatures, but
are extremely reactive towards two electron donors and in some cases evenn
‘,shoﬁ weak interaction with matrix materials not normally thought of as

”ldbnors as has been mentioned earlier. Reaction at low temperature with

"fﬂ'ueak o donors e.ge CO and 58 to form strongly bonded complexes M(CU)n_1L

- seems to be considerably slower, but complexes such as Ni(CU)S(NZ) can still

36

" be formed in a matrix at 20K, This last reaction is an example of a

o sixteen electron fragment reacting with a strongly interacting matrix material
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in this case N,. Another reaction pathway sometimes followed by sixteen

2
~electron frégments is polymerisation, possibly via reaction with -

 unphotolysed starting material e.g. Fe(C0) +F8(C0); ~=— Fa,(C0)g, uhere

“g;Fé(CO)s may be functioning as a two electron donor in the initial stages

ﬂuof the reaction. It has also been shown that polymsric species can be

b giformed from group Y1 carbonyls by photolysis in éoncentrated gas mat;icas?7
%‘;{2 : but these are presumably species like N2(00)51 which are likely to be
?ynstable for steric reasons.

: The question of whether sixteen electron primary photolytic fragments

,’;iera generated in their most stable form by photolysis in matrices has

‘ﬁ7béen'a subject of controversy. Originally Stolz, Dobson, and ShelineM in

their wprk on group VI pentacarbonyls suggested that the C v (squars

4

. pyramidal ) form observed after photolysis in hydrocarbon glass was not

-~ the most stable geometry and that new bands occurring on glass softening

'fuaps dus to a more stable D3h(trigohal bipyramidal) isomer. It has since

26,38

",baen.shown that these bands are due to polymeric species and that

A

h? Cdv form is almost certainly the most stabls. A D, _form of IVI(CU)5

3h

ﬂ(h%c%;ﬂo,m)‘éould well be the initial product of photolysis of grcﬁp VI

” ?xaca;bonyis if‘ﬁhe photolysis procegds via a triplet statazu, but singlet
'i{:;éiiééna; M(CU)5 would have a degenerate ground state and so would a;mostvk
 t i¢ertaiﬁ1y undergo Jahn=Teller distortion‘- probably to g Cdv forme FQ(CU)A

" " would also have a degenerate ground state if it were tetrahedral as had
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been suggested12 and the C2v structure observed for Fe(CD)a29 in matrices

could be considered as highly distorted tetrahedral.

Secondary photolysis in inert matrices normally involves loss of a

;secdnd CO to give a fourteen electron molecule. This is not necessarily
V f§mure reactive than its sixtsen electron prscursor. For example Fe(Cﬂ)3

‘.",fffdoas not appear to react with matrix materials in the way that Fe(CD)4

" doesS® Further photolysis leads to loss of yet more CO groups, though in

'“Z:hydrocarbon glass species containing less than three carbonyl groups were
‘*ﬁé:y,rarely observed. Howsver, in inert gas matrices Fe(CD)5 can be
i @;f :;cqmplétely phbtolysed to give iron atoms®> and in methane at 20K species

 f:vthpught to be No(CG)2 and Mo(CO) have been observed?o

Rates of photolysis are of course mainly dependent on the u.v.

e absorption properties of the starting materials,and irradiation conditions

;g;re‘uafied t?,obtain the desired products. For example l"lo(CO)6 could be
%1};?iméét éompleta;y photolysed in hydrocarbon glass to give Mo(C0) +CO using
i.%?ghﬁz'SSUSYhm, but when higher energy light was used a mixture of Mo(CD)S,
iﬂé(¢n);; énd ﬂo(CD)3 was produced. 305 nm is considerably longer ihan thé
f?fTQQZQéveiengthvof the absorption maximum of the lowest energy charge transfer
Q;A;JOfkmﬁ(CQj;’(QB()nm) and photolysis using this lower energy light wiii
‘gi?%ﬁgff;cignteHouaver, photolysis of No(CO)SL compounds which have charga
1,40

4 ffréhafer méxima at longer wavelength2 '™ using light >305 nm (WG305:filtér)
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; was often not noticeably faster. This is not entirely surprising since
£he rate,of photolysis observed willl depend on the rate of photoréversal
'aqd so on the absorption characteristics of the products. Product
lx f>gbsorptions often overlap with bands in the spectrum of the starting material
-and 8o it was only in cases where a single product could be obtained
,fortuitously that a full u,v./visible spectrum of a fragment could be
‘obtainad.
Overall photolysis rates are always much less in glasses than in
~ inert gas matrices, sven when hsavier inert gases (Kr,x;) are. used. An
explanation for this is that energy.of a photolytic:-Eragment
,Qcould be transferred to’glass molecules to activate vibrations whereas
in a monatomic gas matrix transfer of kinetic energy to matrix moleculss
is more likely to create spaces so that photolytic fragments can separate
.and so photolysis will be more efficient. Photolysis rates in small
'Luﬁ?1°°“l° matrices (e.g..Nz,:CH&, SFel seam to be intermediate between
T1 9iass and mdnatomic gas rates as expected..
So far only photolysis products in inert or weakly interacting
mafricas have been discussed. These are quite different from the products
“?in a strongly interacting matrix. Strongly interacting matric99ucan'be of
J"iguu typész‘(a) o donor (basic) matrix e.ge MTHF or EtOH/MeOH ﬁlass or (b)

R acceptor e.g. N2’ co, PFS, and reactive species generated in them
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.normally react very quickly after productien so that the only observable
Vspecias are compounds including the matrix material. Such compounds are
often stable at room temperature and may well be intermediates in room
.vtemﬁerature reactiians, e‘g¢¢Mo(CD)S(NTHF) which will be an intermsdiate
in any room temperature photochemical reaction of No(CQ)ﬁvin MTHF solution.
‘ﬁhotolysis products in type (a) matrices are derivatives of the parent
carbaonyls with basic substituents and their i.t. spectra fall into
patterns expscted for such compounds with a general lowering of &0
| st?etching frequencies as the degree of substitution is‘increasad. An
increase of substitution with a non 7 accepting ligand implies an increase
of electron density on the central metal atom of a metal carbonyl system;
8o substitution and hence photolysis becomes increasingly more difficult
as CO's are lost. Again, in MTHF glass, no species with less than three
carbonyl groups (except CpNn(CO)z(MTHF) ) were observed. As slectron
density builds up on the central metal the compounds become less stabla.
For example Fe(CD)3(NTHF)2 generated in MTHF glass at 77K decomposed
between 100 and 120K.

Photoreversal is not observed in strongly interacting matrices,
Eicapt in the case of [V(CD)S(MTHF)J-‘where the anionic nature of the
'product probably contributes. to its instability?1 Even thermal reactions

occuring after glass softening do not result in complete regeneration of
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- starting matetial and it seems that compounds such as Mo(CU)S(NTHF) are
Intﬁlily tharmodynemically unatable with reapect to sowe kind urxnun-

‘ cgrbcnyl containing decomposition product. Although this type of decomposition
i;\alow, it still competes with replacement of MTHF with CO in a sealed
cell with CO present at rcom temperature.

The photolysis products in type (b) matrices are more similar to
' ;th§ parent carbonyls in electronic distribution. Since no such matrices

'kwere used in this work, they will not be discussed in detail, but it
should be noted that reactions with such matrices seem £o be much slower
than reactions with o donor matrices, although a dirsct comparison is
not ppssible because of 'the 50 degree temperature difference between
glass and gas matrix work. For example, Cr(CU)5 can. be generatsd in a CO
matrix by photolysis37 or atomic depositionza‘uhile Cr(CU)5 in MTHF glass

: 1s unknown, yet Cr(CU)S(I"ITHF)+CU is unstable with respect to Cr(CU)6+I'ITHF.
Possibly the reason for the apparent very fast reaction of carbonyl

':f fragments with o donors is the pre=-photolytic association of carbonyl and
i~base mentioned earlier,
The use of a strongly interacting matrix will of course modify the

) l;r. spectra =- of both starting material and products in the MTHF case
x-; and the u.v./visible spectra as well. It was found that by using a 1M

"jxﬁiso;ption of MTHF in 4:1 methylcyclohexane:isopentans as glass forming

B
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;xigisolvent that the better resolved i.r. spsctra characteristic of hydrocarbon

glass “could‘be obtained, but the products were mainly the sall;e as those

| ‘obtained in MTHF glass (i.e. MTHF complexes)e In the same way ligands

; ~ather than MTHF which do not form glasses at 77K could be used in hydrocarbon

‘Elglass. A similar approach has been used in gas matrix work where NO and

»"ﬁﬂ doped Af matrices have besen used to synthesise compounds such as

' ??,'FQ(CO)2(Nﬂ)zeand Co(CU)4 by photochemiical reactions from stable precursorsfz

The nature of the carbon monoxide lost in photolysis in the matrix

';ycould well ﬁhfluence photoreversal and reactions occurring on glass

'=f'8oftan1ng.‘The i.r. spectrum of CO in gas matrices["z'44 and solid

dflg‘noopentaneaa has been eXamined in great detail and the CO frequency of

2138 cm-1 observed in hydrocarbon glass is typical of a small CO polymer.

_;5mhether the CO is in fact polymeric or merely perturbed by the closeness

.ﬁﬁ?:of I'I(CO)n_1 type fragments is not known. On glass softening the CO band

T?bécomes broader, probably indicating the formation of larger polymeric
1,3units. Bands due to uncomplexed CO are very weak relative to the strongest
 CO stretches in metal carbonyls and so the 'free' CO bands observed in

" this work were always very weak. In MTHF glass the COQ bands were about

”vigfive times as intense as those observed for corresponding concentrations

:win hydrocarbon indicating some sort of interaction between CO and MTHF,

~ but the CO frequency (2136‘cm-1) in MTHF was not much different from that
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' ;nbsérvad in hydrocarbon.
~The possibility that CO is interacting with M(Cﬂ)n_1 ﬂragmenﬁa
. raiges the questiom of whether the primary photolysis: praducts are in

¥

ﬁﬂfféqt M(C&)n_i €0 where the CO may be bonded through oxygen (isocarbonyl)

?ub'aﬁdeuays bbnded like an olefin as has been suggested recentlxga
u’jﬂﬁuever,‘in Fe(CO)S photolysis, where the primary product is almost

‘certainly Fe(CD)a(aLkana)§7 the CO frequency is 2138 cm-qg the same as

| ﬁ;uiQ‘all other systems examined in hydrocarbon glass. Therefare, if there: is

L intaraction'between ejected CO and the other fragment, this is vefy weak

'ﬁ]ﬁith}CD functioning as a less efficient ligand than saturated hydrocarbon,
rom results of studies 'in a rangas of gas matrices, Perutz is aof the

vfrdﬁinion thét Cf(CD)sf..CD interactions are only important in matrices

ngopéd with CO or pure CU.go

i Iﬁ ph:.:toy‘lyrysis of Fe(C0)g, LM(CD)S, and Lra(c0)4 thgre are two
£;£i6§tw§ypg§ of CO group which can be lost, assuming the moLache
;:éiéins’élstrqcture similar to its ground state during the photolysig :' 
;b;éqaééifi;ife(CU)s there is a major rearrangement of either starting

Jmatérialfor more likely photolytic fragment to produce a severely

'diéto;tegjtetpahedral Fe(CO)agg In the other two cases the fragments

A

45

- um(co), (L=PR, etc., MeCr, Mo, W). and LFe(C0), (L=PR,", MTHF, stc.) - T

N ry’ >

"j"ihavg sttuqtufes based an the parent compounds. LM(CU)41 is square pyramidal
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(octahedral with nne vacant site) and LFe(C(J)3 is trigonal pyramidal
(trigonal bipyramidal with one vacant site). Tt has been suggested that
in photolysis of transition metal complexes the grimary process should
be loss of a ligand lying on the axis of lowest ligand field strength
(at least in octahedral complexes), and that the ligand of lowest ligand
6,4

. . sy T .
field strength on this axis should be lost preferentially. This seems

reasonable if photolysis occurs via the lowest energy excited state, and

at least the first part of the rule has been shown to hold for photochemical
substitution of Co (II1) and Rh (III) amine complexes with water?B Since

CO is placed high in the spectrochemical series, it is likely that almost

any ligand other than CO0 should be preferenﬂially expelled or, if this is

not possible because of matrix conditions, at least the CO trans to the

ligand should be expelled. In Co(CN)SXS_ (X:I—,SCN~,NE) which are iscelectronic

with Cr(C0)_. it is always the weaker field ligand X~ which is expelled

6
. . . . . 49 ..

in photochemical reactions in aqueous solution.” These reactions proceed
‘through an intermediate Ca(CN)éd isoelectronic with Cr(CU)S, but in aqueous
solution are complicated by ion pair and ionic strength effects and
competing thermal reactions and su are not directly comparable with Cr(CO)6
photolysis in organic solvents. It has also been suggested that the lowest

energy charge transfer transition in LP’I(CU)5 complexes is a transition

into the ™* orbitals of the four equatorial CO groups%1 Which of these
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‘ sugéestions is correct depends on the relative positions of o* and n*
Z d£bitalsvwhich will depend on the nature of the: ligands other thaﬁ co
' ¥M§pd the metal a.o. energy levels, and so probably there is no generalisation
wé?pli;abia. HWowever, the phHotolysis of both LI"I(CG)5 and (MTHF)Fe(CO)4
'l ééﬁ‘be interpreted in terms of loss of C8 trans to the ligand being the
'E;Edost important primary process.
7. Cﬁncl‘usion
It may seem that the glass photolysis technique described in this
" chap£et is a poor method for studying reactive fragmenté and photolytic
mjrﬁ:réactions as many of the details of the photolyses are unknown and often
‘ §ﬁe’products can only be identified by comparison with gas matrix studies,
§qt, as has been previously stated, reaction conditions in glass are
, ﬁuch’closer td thosse normally employed in preparative chemistry than an

‘lf inért‘gas matrix. Species which interact with a hydrocarbon matrix at 77K

'  ui;i almost certainly interact with hydrocarbon solvent at room temperature
f'éﬁa 80 if>thas§ species are intermediates in room temperature resactions
tﬁgy will almost certainly be present in their hydrocarbon complex form.
Anothar important advantage of the glass technique is its versatility.
fhﬁgreat vgriety of potential reactants can be included very easily in an

‘ﬁinért or weakly interacting glass.and can be examined using the fairly

> gimpls ;pparatus described in the experimental chapter. In the present
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'5f;£ﬁdy i.r. spectroscopy was used as the main method of abservation and

the apparatus was chosen accordingly. Hbwever, there is no reason;why the
same technique should not be used with other methods of reaction monitoring

ny(Glaas techniques are already common in @.s.r. and luminescence studies.).

J‘LLPhotochamistry in glasses can be thought of as a method of controlling

photoreactions rather than a technique for the study of simple reactive
57-species, which inert gas matrix isolation ob;iously is. However, cars must
always be taken when applying results of glass photolysis studies to
.prgparative problems and there may be serious practical‘problems in
k‘scaling up Qlass reactions for preparative chemistry.

) b
For references 50-55 see Appendix.|
oo i




CHAPTER 2 -
PENTACARBONYLIRON ’ |




h Many of the reactions of pentacarbonyliron, both thermal and photochemical
,ﬁbén be explained by mechanisms invelving the step Fe(CD)S-—g-Fs(CU)4+CD.

é}g. ‘zrg(c0)5~—->-ﬁe2(co)9+cu

| Fe(CO)5+PR —n Fe(co)apﬂ +C0 56,57

3 3

,%imatic evidence for the existence of Fe(CD)a.has been obtained in studies

1

""" of the photochemical exchange of CO with '°CO in Fe(C0), in hydrocarbon

’:_snlution,sain the thermal reaction of FBZ(CU)ngiﬂh phosphines in hydrocarbon

Eo

- fﬁolution?g_and in thermal reactions of Fe(CD)a(olefin) with co%® some

‘?‘!yhs;mal.réactﬁons of Fe(CU)s, however, go through a six coordinate

* " intarmediate; *'e.gq. Fo(C0) +1,=—> Fe(C0),1,+C0, but in photochemistry

'thafdissuciation of .one CO has been accepted as the primary process. In

o 11962 Stolz, Dabson, and Sheline *looked at the primary photolysis of Fe(C0)5

I.':;yig;;:1'me#hylcyclohexane:isopentane (mch:ip) glass at 77K and observed
;é,pééd'Cd ané three new i.r. bands at 1990, 1980, and 1946’t:m"1 and
f ﬂ§éoged #hsvappéarance of Fez(CU)9 bands on glass softening. However, it was
'i;bqf pos;ibl@ to assign a structure to the CO deficient fragment responsibla
}ﬁl;f ,f?g‘these three new i.r. bands. (At the time when this research was begun
’itgﬁadﬁbeeq guggested that unsaturated carbonyl fragments would assume the
,ggfubtufe df‘highest possible symmetry in the ground sﬁatezz and sq‘it ua§

' v;!thought that Fe(CO)d would be tstrahsdral, or possibly square planar

3-"51590“3 to isoelectronic Ni(CN)%- Gg) Since Sheline's work kinetic
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“g'_;eyidence had been obtained which showed that Fe(CU)a, produced by flash

;]JlbhﬁtOIWSis at room tamperature?3 was extremely reactive, and so a

.fé-axamination of the Fe(CD)5/4:1 mch:ip system was thought necessary.

PhﬁfolVQ;g;ig Hydrocarben Glass.

' ‘Changes in the CO stretching region of the i.r. spectrum of Fe(l:ﬂ)5

,i;h&4$1 mchsip were apparent on coeling to: 77K. The Ag band at 2023 cm“i

h;dévelops a shoulder on the high frequency side and the E* band at 2000 c:m-1

' changes shape, develops a shoulder on the low frequency side, and shifts

" to 1994‘¢mf1.kTha band at 1964 cm™ due to an A, mode of equatorially

1

;“gybetituted Fe(C0)4(1300) also shifts to 1958 cm (see figs 2=1). These

" effacts are mostly consistent with changes expected td occur on coaling
 “isolated Fs(CG)5 molecules., THe shoulders both: correspond to modes of

1 ﬁi‘Eh(CD)a(13CG) predicted but not observed by Bor in room temperature spectra

‘in?n-haptane solution?4

5 ,f‘"ﬁ.T;bie 2-1
 ;Obsaﬁy9d Fréquency ' , Predicted Frequencyﬁa
| 2029 ; - 2028.6 (A, mode of ax. vra(co)4(13co)_)
" 2027.2 (A, * " eq; o )
1985 | 1987.4 (A, " " ax. - ) )

" The 2029 cn™ ' shoulder is the more intense as expected. Although the E

mode of Fe(CD)S\shows an apparent increase in half width, examination of <
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 the spectrum near the base line shows that the band has actually sharpened
;nd the change of shape is probably due to a lifting pf the degenéracy
qf the two components of the E' mode bscause of a slight distortion from D3h
symmetry. It is unlikely that the incipient splitting is due to Fe(CD)SA
o ﬁﬁ different types of sités in the glass as none of the other bands are
Bplit, but the Fe(CO)5 molecule is probably distorted by the glass matrix.
 %9(£0)5 in a methane matrix at 20K shows similar behaviour?9 It is also
'gf;q@iikélf that any of the spectral changes are due to aggregates of Fa(CD)5
”lféipbe no polymeric iron carbonyls are observed in the gléss after photolysis.
‘i Qll the changes in spectra detailed above wére reversible on warm up.
Photolysis of Fe(CD')5 in 421 mchi:ip with unfiltered light showed
initially four new i.r. bands 'at 2084, 1988, 1977, and 1944 cm-1, the
fhree lowest frequency bands bsing similar to those observad by Shelins,
. ::;?éﬁaltrapped CO at 2138 cm-z On prolonged photolysis a further two bands
o :apﬁ;ared at 2038 and 1925 cm_3 Irradiation with pyrex filtered light pt;ducad
”;fqpthér'bandS'gtr2100, 2078, and 1961 cm-1(fig. 2-2). On irradiation with‘
.MG:SJS fi;tered light (for characteristics of filters see experimental section)
?ﬁéll thé above‘mentioned bands disappeared slowly as Fe(CD)5 was regenerated.

:i fDuting glass softening experiments the bands at 2038 and 1925 cm-1

..‘:*‘; N

”‘disappeared‘first around 96K and then the other bands collapsed around 105K

‘to give mainly Fe(CO)_. although traces of Fe,(C0), (absorptions at 2065 and
o _ 5 2 9 , ;



,“Eggggg 2=2: Fe(Cﬂ)s in 4:1 mch:ip after &0 min. irradiation with pyrex filter

8
10
‘ |
g
[
5
[] 4 ﬁ - |
2200 2000 1900
;2139lam‘1_‘trapped co 6 1992 cn Fa(cﬂ)s+Fe(Cﬂ)4(alkana)
- .,2 2100, 2084, and 2078 cm 7 1977 en”' Fe(C0),(alkane)
3 2038 o' Fe(co), 8 1961 cn” ' Fe(C0),?

9 1944 cm Fe(CD)A(alkane)

iéOZS.cm-j Fé(co)s 10 1925 cm © Fe(CO),

.

T
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731345 cm-1) and sometimes FBS(CU)12 (absorptions at 2045 and 1835 cm-1)

o P e Q." u
could be obsprved at 195K and room temperature. In all cases photolysis

! b‘vafévslo? compared to similar work in inert gas matrices at 20K, for

7
B

yXample PoLiékﬁstg’ﬁs

found that 5 min. photolysis of fr.'a(CO)5 in a ﬁethane
535t?i*‘?t 20K?&ith a meaium presepre Hg arc gave Fe(CD)3 as a major Prudqct,
rpbereas in tﬁiéwork Fe(CU)3 on;y began to appear after 30 min. photolys;s.
iﬂé}pﬁqtqiysié;;ontinuas the system tends to é steady étate, apparently

—

“gbﬁerned by é5ui1ibri§ of the type Fe(CO)5 == primary product +C0 =

pa - N ,é'b ‘
‘Hacqnqgry‘product +2C0, where the forward reactions are favoured by higher

g‘eggyliightAand the back reactioné by lowsr energy light. U.V./visible
;ﬁaéﬁrafpf”Fa(CD)5+proddct mixtures in glass consisted of broad,overlapping
ands from whigh very little could be deduced. Possibly complete photolysis
'ﬁﬁof'ﬁa(CG)S iﬁé;he glass could be accomplished by irradiatfion with suitabls
_oﬁéghroyaticflight, but since monochromatic filters transmit only around

Q%’bf_thd,totél incident light at their maximum transmission frequency,

Qgh»éxpg;iments would necessarily be very slow and were not carried out.

&

51'The,two E;ﬁ%s at 2038 and 1925 cm-l produced on prolonged photoiyéis

qﬁqrféii?é&gadiation@conditions used, form a pattern typical of a sz
1

'ripa:bghYI'cqmpound§6 with a sharp A, band (2038 cm-1) and a broader E
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ﬂékéaaolved,.The most probable assignment for these two bands is to a pyfamidal

:Yj::ifé(CU)s fragment and this was confirmed by Poliakoff°2 who observed Fe(CU)3

*ihvmgthane,’argon, krypton, and xenom matrices and conflirmed his assignment

)

3v

‘and the C

'éttucturavby force constant calculations on 1300 substituted

"i,lthe AH and £ modes could be made here because the A1 band always overlaps

A E :ﬁ Ko kg j Refo .
' l'203B , ‘! 1925 o ;f 15.57‘ ;'ﬁb;éuZ | fhisQQ;k:f”
- 2040.1 1 1930.4 '£ 15;627’:'i;0.58§> 3
2037 1927 ﬂ.v_d_15'.57gi~ | 0.58 3o
3?@_2044 :i 1933 gf'3, is.67 - v‘n,su .  7'1139{~7
206242 ,1935.6' ;,A ’15.701 ; d.ﬁ R el

unitss md/A




' "au.Sﬁﬁce bands observed earlier in the phatolysis vary in intensity

- with diffferent irradiation conditions used, it is evident that there arse

i‘ at least two. primary products with possiblis interconversion ef these

'-ifn;':l;;ducts. The four bands at 2084, 1988, 1977, and 1944 cm ' appear to
1‘vaﬁglong to the same species, but their relative intensities are very
aMdﬁfficult to estimate because the 2084 cm-'1 band is weak and the 1988 t:.m.1
“band overlaps with the E* band of Fe(CG)S. Tae bands at 2100, 2078, and
-‘{1561 c:mm1 are all weak., At first it was thought that the two species could
-f?; éugito tMQilow’symmetry isomers of Fe(CD)A, but withgut facilities for
 f£sotopic labelling studies this could not be verified.

:*;':g'“quiakoff and Turne’r29 have identified a species Fa(CO)A(CHa) in

wf.méthana and methane doped argon matrices and this has a spectrum with four

1; bands similar to those observed for the product in glass after unfiltered

ifradiatidn. They have also observed this speciss and assign it as

8 qv?Fa(CD)a(glasé). Fe(CU)4 itself has also been observed in SF_ and other

[

iLtmatricea and its structure has been confirmed as sz distorted tetrahedral

by force field calculations on '“CO substituted molecules2>®®> Fe(CD)4
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of the observed frequencies of Fe(CD)a, Fe(Cu)a(CHa), and the Fe(CU)a(alkane)
'xspecias observed in the glass.

Jable 2-3

~ Fe(cn), % Fe(ca) (o, )12 Fe(co), (glass) 2*°
’,,‘1993.0 ( ) 2088 (Vlll) 2084 (\IW)
© 199146
e 1995.6
1985 (m) 1991.0 (8) 1988 (s)
1966.5 (8) 1984,.2
- '  1o81.3 (W 1977 (u)
1953 :
e 1949.8 (Vo) 1944 (vs)
‘rfiaq‘CMh matrix at 20K b 4:1 mch:ip glass at 77K
éi: é this work !

Poliakoff and Turner also proposed interconversion Fa(CO)a==e Fe(CO)a(CH4)
. in the visible light of the i.r. spectrometer beam and so an experiment

was conducted with a germanium filter between the spectrometer source and

‘thd sample cell, This caused a considerable reduction in intensity of the
fi.t. beam and the adjustments of the spectrometer reguired to compensate
» .for this caused a loss of resolution in the spectra. Even with the germanium

xh~; filter in the i.r. beam the main species detected was Fe(CD)a(glass),

f5 §1§hough traces of Fe(CG)4 may have been present since most of the Fe(CO)A

 4 bands would be masked by Fe(CU)5 and Fe(CO)a(glass) bands. In this experiment

”tha 210U cm.1 but not the 2078 cm-'1 band was observed. Removal of the
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lgermanium filter and re-running of the spectrum did not show any significant

increase in Fe(CD)A(glass) concentration., Presumably the inclusion of the

L ‘filtef would be much less important here than in Poliakoff's case as the

. i.r. source in a PE 457 or PE 577 is much less intenss than in a Grubb-

) association, is much slower in glass than in gas matrices. The 1961 cm

, Parsons Spectromajor, and photolysis, and so presumably photoinitiated

1
band observed in the photolysis with pyrex filtered light is closer to
vfhe 1966.5 cm-q band of Fe(CO)4 than any other observed band and the 2100
-cm-1 band is fairly close to the frequency Poliakoff prédicted for the

'_‘highest.frequancy, unobserved band of Fe(CD)a; go it may be that the species

© -..responsible for these two bands is Fe(CD)4 or something very similar to it.

’TThe 2078 cm-1 band was onlly observed on irradiation with pyrex filtered
‘i;ight and overlapped with the 2084 t:m-1 band of Fe(CO)a(glass) to form a
 '};doub1et (see fig. 2-2). On prolonged irradiation the 2078 cm-1 component
"bacaha the more intense; so it may well be due to soms form of Fe(CU)d(glass).
There seems little doubt that the main primary product observed is
;,{jke(CU)a(alkane), but very little informatiom about the irom to alkane bond
' can be deduced either from glass or gas matriix experiments. However, a
‘ :; 6u;eyorthy point is the'sharpness?® of the Fe(CU)a(glass) bands, @.Qe the
| 1

- 1944 cm-1 band of Fe(CB)a(glass)\5y%=6.5 cm 3 AE band of Fe(C0)5 in glass

$q¥=6.0 cm-l It would be reasonable to expect broad bands if Fe(CD)4
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>%Q]feacts with @ number of different sites in the glass §p form several

_Eﬂbge;;)éelated species. It therefore seems likely that there isw;ﬁgéific 
”féééiﬁ?ﬁcgetgqgn Fs(CO)4 and a particular site in a glass molaéule;‘ThaﬁL
;imilarﬁty sétpeen the spectra of‘Fe(CU)a(glass), Fe(CD)Q(CHa), and:f?(CU);*é 
{ééégéets that ;xidative insertion of Fe(CU)4 into a C-W or C-C bond does

{ﬁﬁﬁ occur. quever, it is possible that there is soms shecific intéractipn

" between Fe(ﬁﬁ}a and a C-H bond so that the metal achieves an sightesn

" ‘electron configuration by florming a twa electron thres centre bond analagous

“°4tubthpsa proposed by Cotton et 31?7,in compounds of the type (EtZB(pyrazolyl)Z]

Ng‘ﬁd)é(r-allyl}. This type of interaction between Fe(CO)a and a heﬁhyll
_‘;Qrogp?in methyicycldhexéneror isopentane could give a species with four
’ %és;arg i.r. bands similar to Fé(Cu)a(CHa), but there is no reason to rule
“‘fiqpf épepieg;i; which the glass is bound through a secondary or tertiary
V,Bigroéa;.‘t%;([tza(pypazolyl)z)Mo(co)zﬁr-allyl) it is a carbon ot to the

8 béroﬁlwhicﬁ ﬁpproaches close to the.metal. Experiments which could possibly
gaiv;,mure i;?érmation on FB(EO)4 to alkane bondﬁng are photolysis in 121

~ decalinsmethylcyclohexane glass, which is about 0.3 molar in =CH, where

3

4:1 mch:ip is about 10 molar, and irradiation in a range of saturated

-hydrocarbon solvents at room tempsrature monitoring changes in the solwent

i -‘by geslec. No i.r. bands which could be definitely assigned to C-H=fe

EC

&p,gppaathing modes were observed, but these are expected to be very weak and
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5Br9§d relative to CO stretches and could easily occur in the same region

fjiﬁexépectrum and so be mistaken-for or masked by CO stretches.
f7F;om thé ébove results it would appear. that the moét likely intarmedigte
L'ihroém;ﬁefpératura photochemical reacti§n3 of Fe(CO)s is not Fe(CU)A'but
ﬁfé(QU)A(aikaBQ) (in alkane solution), the alkane being subseqﬁently
.;i?iﬁplécedl?y.a more suitable ligand, CO, or Fe(Cﬂ)5 to form Fetcp)at, Fe(CU)S,
:éilgez(tﬂ)g.fFa(CD)aL may then photolyse fui£her to give Fe(CU)gLZ.
Anothar pqs‘g‘;i‘bie path for t‘he formation of Fe,(C0)g and Fe(Co),L, s
h;o;;6 diﬁaris§tion of Fe(CU)4 to FBZ(GU)B. This of co;rsa canﬁot oc;ur
‘;éi;héﬂglasg.;No bands due to Fez(CD)B68 uafe obssrved oﬁ softening ofﬂ
:Fggtﬂ)g(élkéﬁé) containing glasses and photochemical reactions of Fe(Cﬁ}5>
wiﬁﬁ phoaphines and phosphites at room temperaturerusually give predominantly ;
’

‘v,:Ee(CU)ap and Faz(cu)9 in the initial stages™j so Fe(CO)a(alkane)'pfobably,

ﬂoes‘not‘dimarise. However, in thermal reactions of Fez(CU)9 with phosphiﬁes,

rlltﬂfodm temperature, where Fs(CD)a is thought to be an intermediate,

Aoyt
v

<+ reaction mixture,

H1. Starting solutions used in this work were typically 10-2M in Fe(cdjé“i -
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'ii'ifnga moiecula:moiecule ratio of about 1:700 sclute:glass, or a ratio of
ébogt 1;4290 solutescarbon atoms in the glass. The latter ratio is probably
;;mb?e-comparabla with the matrix ratios gquoted by other workerszg’ﬁg fof
‘§ ?éHQt0mic gas and small molecule matrices, and it is not surprising that -
gfqé;polymeric species are formed by photolysis at this dilution, Hoﬁever,

ﬁ Q’lconsiderable interaction between FB(CD)5 and impurities introduced into

ﬁ?the glass was apparent on freezing and will be discussed later.

': Photolysis in Reactive Glasses
Irradiation' in ethers, especially tetrahydrofuran (THF), and subsequent
,‘, ‘addition of a ligand is a common preparative route to specifically

monosubstituted derivatives of group VI hexacarbonyls and arene metal.

1=73

'>%5tricarbonyls7 o However, this method does not séem tovhave been used for

59 probably because of

" 'the preparation of Fe(CO)AL compounds from Fe(CO)
" ‘the ready formation of Fez(CU)9 from Fe(CO)5 irradiated in THF solution.
" A likely path for this reaction is Fa(CU)5+THF —-!-“3-» Fe(CU)A(THF)H’;O

'3 %if£EE1§a>FeZ(CD)g+THF. Since the properties of Fe(CO)é(THF) were unknown_ 
'; én& it was Hoﬁed that this compound would resemble the Fe(CD)4 fragment-‘~
' ? §%0391y, phé?olysis of the Fa(CD)5/2-methyltetrahydrofuran (MTHF) system

‘ ﬂéﬁ 77K was investigated.

" In some very recent work by Cotton and Troup70 Fe(CU)a(pyridina)‘and

E?Fﬂ(cﬂ)a(pyrazine) have been prepared by reaction of Fez(CG)g with the
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' ‘ respective ligands in THF solution and there is circumstantial evidence
tha£ Fe(CO)é(THF) is an intermediate in these reactions. Fe(CO)a(fHF) is
’tﬁnught to be generated spontaneously from Fez(CD)g and THF at room
‘1tempefaturevunder a CO atmosphere. However, exclusion of light in the‘
i‘g*geriment is not specifically mentioned and so the reaction is possib}y
1 56§tochamica1. The final products of the Fez(CD)g/THF reaction under a QQ
. Jatmosphare are Fe(CO)5 and FaS(Eﬂ)12, the la;ter probably being prn@u;ed
by the reactioh of Fe(CU)a(THF) with Faz(CD)g as Fa(CU),(THF) does not
: %rimerisa in the absence of FeZ(CO)g.
 The quctrum of Fe(CD)5 in MTHF was considerably broader than that
;écqrded in ﬁydrocarbon 'solution and the Ag band appearsd only as é shoulde?

 6nvthe broad E*' band at room temperature. On cooling to 77K the bands

 "resolved, but both split into two components (fig. 2=3). The Ag'band (2021

-1

vﬁ'.pm in room temperature spectra) shifts slightly to 2023 cm—1 and dsvelops

:éh inﬁehse shoulder at 2032 cm‘! Fhé E' mode (about 1996 em™! at room
1'§§ﬁperatura) resolves into two components of equal intensity at 1994‘and3
”.J{T3987“cm-1A'fufther weak band at 2120 cm"1 was also observed. These
<31 sﬁ1ittings are not due to matrix effects ainde similar splittings warg
. observed in hydrocarbon glasses dopeq with MTHF or THF but not in pure

hydrocarbon glass, In the doped glasses the spectra wsre sharper but th9» 

 ";sp1ﬁttings were still evident. On freezing a solution of Fa(CO)5 (10-2m)'n ‘
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Figure 2=3: Fe(C0)g

in MTHF
< 290K

"

»w;éhd MTHF (1M) in 4:1 mch:ip almost all the Fe(CU)5 in the glass was in the
¢

[:fbrm which is present in MTHF glass, and even with an MTHF concentration of

were present. A controlled

l10—2N detectable amounts of modified Fe(CO)5

" “cooling experiment on 10_2N Fe(CU)5 and 1M THF in isopentane in a cell with
_AgCvaindows showed major changes in the spectrum beginning around 235K

and a considerable amount of interaction by 118K. These spectra also showed
major changes in the 700-600 cm-1'ragion. Room temperature spectra showad.
ﬁ&d féirly broad bands at 641 and 613 cm-1 assigned to Fe=C=0 bends (E"andv

J'Aawrespectively)vé On cooling these bands gradually sharpened and shiftad to

- :-643 and 617 cm—j A new band at 660 cm-1 developed around 150K and by 118K

" had comparable intensity with the other two and had shifted to 664‘cmf1_with

B hdUIQGts at 669 and 655 cm-z There was no reduction in intensity of thé,_ g




-G
“ other twb bands during the growth of this band. The position of this band

" does not correspond to any Raman active or inactive fundamental mode of = -

. Fe(cn) "

~4:;£;;;§ﬁ§”rikg;y, therefore, that there is coordination of MTHF or THF to
_afkaé)s’tU fqrm a six codrdinate complex. Complexes of Fe(CO)5 with B:zb ,
wilééye besen prepared by precipitation from heptane solution at 195K and
4i?ff?i80)5i2 has been proposed as an intermadia£e in the oxidation of Fe(CD)s

_l u1th 12 in hexane?1 but in these cases the halogen meoclecule is thought

fﬁ:;;éo add 6xidatively across Fe(CD)s, In this case a six coordinate structure
x;basad'on octahedral coordination about iron at first seems plausible, but’

;bfhe’i.r. band pattern irf the CO stretching region doss not resemble that -

'f,;bffcav'H(CO)sL and there is one §M=C~0 band too many. A structure which -

?bfits the spectra better is a C, form with MTHF in a site in the eqUafurial

2v

qiv.plana of F’e(CD)5 but farther from the metal than the carbonyl carbon atoms.

"This structure has five i.r. active CO stretches and ten §M=C-0 motions,

chree of which correlate to the Fe(CU)_ modes in the 700-600 cm-1 region,

5
;\ghn’anarogous moleculs for which frequencies in the CO stretching region

" have been calculated and observed >’®* is vic-(1300)2Fe(C0)3 although -

. .modes inbolving motion of 13C"'will have frequencies about 30 crn-1 lower

Qin‘that cass, Table 2=4 shows a comparison of the observed frequencies of

X, y
e -~

LR ] v . S
" Fe(C0) (THF) with those observed by Noack and Ruch for vic=( 3c0)2Fa(cu)34”



-

fﬁ:in‘Héptane'at[QSQK together with a 6or:elation‘ofVﬁhe iere aétibe.ﬁpdeé’

of D, and.C, .- i
R4

2-4 .

A._““"B o : Fe(CD)S(T,HF) Vic_(1300)2F9(ED)3
'  ,1995L‘ f,;j iwi;.   , €§7€"  {.{iA"

198s Lo q9ss. o m

2023 2023wy
'noﬁfobsérvad'for Fé(ﬁU?S(THF) in isopentane, but\cf.,2120 cmf?"bénd f":”

_in Fe(CO)/MTHF,

"Tha:197§ (A1) and'19,‘.'>5,cr_n"1 (Bé)xmodasiof (II)'correlété?mithithqi i
“mode of Fe(CD), and hence with the 1995 andi1985 cn” ' modes of (1)

S;ncayﬁpésé:ﬁdeS;of (11) involve motion of 13C0 groups, their'frequancié$f~’mf 

[

1

?é§b conéidéfgbiy lower, The B, mode off(lI)‘corfelatas'directlyfﬁitﬁ tf‘;vfff‘

*thé'A; hddéﬁbf:fB(CO)s and has'the same frequehcynas the cdrraspdhd;ngf "f},,.

Tmode.QfQ(jji Thé>two'highest’fraquanpy.Aﬁ'bands.oF'(I)‘and (II),JHQTfﬁfL

”borrelateuhithiqha'Raman active Ai mddésjof FE(CO)S obaerved_ét 211§:
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N L e - ; , | o
... and 2031 cm © in the 11qu1d? . Again, both these bands occur at lower:

. frequency in (II) because of the involvement of 3¢0 motion in“thé;éf;;’;';"”

iﬁﬁ§F19n§Q;Sinbeivic—(13cu)zrg(cu)3 was not\isolatéd it is impossibléivﬁ f7 

tbfcompara;band'intensity patterns of (I) and (1I), bution‘frgq“éncyl{
 §;:data alone it seems that they are comparable in structure andAelactfqnich'

Qist:ibdtidn about iron. The coordination of the.ether‘may-well'ba" 

Jwép;d be expected to produce dramatic changes in the $Fe-C-0 region ;€ ]ff_f

voffthé sE9ptrum.4The'two bands at 6§4 énd 643 cm | in (I) are‘probaﬁly'

bomponen§s of_the‘E' mode of Fe(CO). uhich'océurs’at 641 cn” ! at room

i?mpﬁfﬁﬁu;e} The'shouldars on the 664 ¢m—1,bahd,ars probably sqlvehtfqﬂf“”
Bbsprptionéa(iQOpentahe has am absorption around 670 cn | at room

;gmbefétqré) due to the temperature diffsrencé“betwaen‘tha sample .

P
o

_and reference cells. The Ay band at 617 om ' is hardly affected by - '

Hﬁﬁélfhg.}Iﬁi$ is conéistént with the cqotdination'of the ether ihlthaf, L{

i

ﬁévsince the E' mode is an in-plane bend of the‘aquatofia;,’

qguatofiaiéplé

L ;*&}iwhileltﬁe A; modsxisva defq?mafidh @f,the‘equatqriallf

PR

O O S R s
rbonyls perpendicular to the plane (?Q).(eesyflg. 2-4)." The structurse

. showri inifig;hiravcannotfbe vefified,tbut’seems most likely oh:é.r

evidenceméloﬁe;iNucleéphilip,attgck‘un;carbonfis'thought'tp be'?hewfirsﬁr

o

step-in the réaééiqﬁbqf'soﬁé:sécqndqry'amines;with,Fe(CU)s andy in the

) 2 ) ki :”‘ ;ffiﬂ“‘vg{}’:3  E T +'~*EZT
ase of ‘pyrrolidine, a compound [ﬁe(CU)4(Q$D)N:):X]ﬁ::NH2]”qan‘bgr



P | oYy one component

Symmofry‘coordinates,tor §M~-C-0 que, bf FO(CO)s iq§thq
'.6009700 cm'; rog£on;76 SR |

~ Possible structure for Fe(CO)g(MTHF)



L CEEN ‘ =3Qe
‘f:gisoiated:from>bolar solvents77. This has an i.r. spectrum typical df;il

“3_§n’éxially substituted’Fe(CU)aL compound. Similar effects with Fa(CU)51 ~; -

"~f ‘and‘tri9thylamine‘and triisopropylphosphine will be discussed latar@ijj_g;’

¢

. * . photolysis of Fe(CO), in MTHF glass showsd the expected stepuise

;>IBSS'OF‘CU, but photolysis was very much faster than:in hydrocarbonrb43' 

glass. Using WG305 filtered light almost complete photolysis was

attained in 15 min. Because of the pre-coordination of MTHF photolysis is
chh more efficient here since whenaver a CU is expelled only an

liht;amolequlap_réarrangement is required to produce the ground state  f);:

Cr

;é;fééié%§ §ftf9(CU)4(MTHF) and go recombiﬁation yitﬁ‘escaped CD.%S
nydlik;i%g?éisoifa(CD)a(NTHF)»is'stable enough to prevent photoréya?éai‘;;j;'
.ﬁnfé;?a&?aﬁ%qvwith.lowar‘energy light. In:4:1’pch:ip glass'dopédv;?
;wif5fﬁfﬁf éﬁ9£6;ysis is also relatively fast proqﬁcithéimilarvsﬁe;igéf{if.
?%?hq§§ p:oduééd;in Pure MTHF ﬁogether with sté.Fe(CU)4<aléaﬁe);   ?ff
féé;é$’d9§ £Q?Fé in MTHF glass are about five timé$ as intense gs‘thosg'i:}]

,fpg;dog?aspondihg concéntrations in hydrocarbon gia§s, indipating

a‘;‘z"con:‘s“jild’era.blra ;ihlterac/tion betwesn CU andwNTHF'Yal't.h_ough tha frequancy -

(2136 cmf?)'of-the’C0 stretch is not muchkdiffergnt from that'in‘;ff:3  T

hydroqarbqn.;The enhancement of the intensity of the free CO band is

lso Qhoﬁn;in MTHF doped hydrucarbon.;:,f

‘The%ptimérYQPhotolysis product éhows fpur_i;f..bands at!ZOﬁb.(ﬁ)

1955 (8h), 1944 (vs), and 1935 en™'(sh) in pure MTHF and at 2062 (m),



 ”-m,z:.s’.’jfe(m)s_n(mhr)n n= 0,1,2
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1963 (s), 1946 (vs), and 1940 em™'(sh) in 1M NTHF in 4:1 mch:ip

fi qJ(éea,fiQ. 2-5). The spectra have band patterns typical of CSV'FB(CG)4L

;;ncqqpounds'wheré the low frequency E mode is splitsﬁand so tha\compouhdv

4L complexes where L

‘{“\isfalmostacertainly axial Fe(CU)a(MTHF). Fe(CO)
E’ ﬁﬁ%i§ a hard base are fairly rare and none of those quoted in the literature
R S : o S T

yihésfa split E band) 2?8778 10 frequencies are approximately

1;ﬁl;ﬁééiéi;é?ﬁo:thdse'observad by Sghubert and Sheline fo; Fa(CU)4<amiﬁe)’n
;L? ' e;mp?eié§?quain the splitting of the E bénd is n0§ aimatrixigffedtxgs’ >
;:';igzpeféiq;é é§ ;east.up to 121K 10 19 MTHF in 4:1 mch=;ﬁ and aqiigqu?,fi |
é%ﬁéiiikei?iéhaﬁ there is coordinatioh of a‘second MTHF b* Fé(tq)é(me6>} 1 -t
fjgéibogéibili#*'that mope than one MTHF wasyéoprdinated'tp Fé(cq)s'gifi”
;i :wE?%fore'p6btq;y§is cannot be ruled out, bﬁt fhis is uﬁlikely Siﬁga £69; 5” '

“sam@ species is formed no matter what the relative concentrations.of*l”'f>“f"

‘é(CO)S‘and NTHF in hydrocarbon glass. Atjroom'temparature Fé(tﬂ);(MTHF) ;,‘i'
Jpéréiéts,fOr about 1h. in pure MTHF in a gealed cell with CU»present.ifl:f"

It shous two bands at 2056 and 1940 cm™ ' (the lower band is slightly

,hréaqe;;thqn'iba E' band of Fe(CD)S)_which’graduélly~disappaar,as ”§’

Lfé(CO)g i$'ragenérated;
Jqurtﬁéf:photolysis.led to the appearancebof'foﬁr nem bénds.éff

1980, 1895, 1877, and 1855 cm™ ' in pure MTHF 'and two bands at 1900 and



)=
'~ 'band is the strongest while in pure MTHF the 1855 cn™! band is strongests

', On‘éli0wing7tha glass to soften the band at around 13500 cm_j diséppeared: 

féstest in bdth cases at about 90K. The other three bands persisted ﬁntilA

“:f,ébout,jODK.;fhe‘band around 1900 cm-1 is assigned to trans-(MTHF)ZFe(CD)3 o

R

' ~and the other three bands to the cis isomer. (Here trans- refers ta

 f‘diaxially substituted trigonal bipyramidal molecules, cis- refers tnf

Lons axial-equatorial substitution, and vic- refers to diequatorial substitution.

f;i?;){inp;reymTHF the band at 1895 cm_1 is broad and irragula?ly shgped ¥
.%;:ﬁégsibi9’sthing éigns of coqrdinating yet another MTHF mplacui?,i
1beAthé_Foo:diﬁa£ion to an irﬁn(o) complex with twe basic, ncn-ﬂ‘éccepﬁfhg"k'
,};égpds.éhquld be very ‘weak., Rsckziagel énd Bigorn356made a‘numb§¥‘9f ’ff“

?:*imdno and,trans—disubstituted‘derivativesfof Fe(CU)5 with phosphines,}i.wi"

iE ﬁhdsphites;~and ethylisonitrile and found a linear correlation offthéj“

'4€:ééﬁgédéqs;§f‘cor:elated modes with the;number of substituents. Fig;}$+6f ‘
:,:qsgéé?é:a%ﬁiiég'cqrrelation diagraﬁ for FB(CU)S/MIHF_invhydro§gb§bﬁi‘1it
:éhéf#ﬁéfiigéa?.relaticnship is f;irly’uelL adhgrgd»to confirming thef;
“§§6d éS§%§ﬁ;e5;s.'The trans compound has’DBH,éymmetry and only‘one ?’Ffi:“ -

fgptive mode (E') is predicted, but it might be expected that‘ﬁhefA{<g5 f

symmetrical stretch uouldAwaakly allowed (by analogy with Fe(CU)sainv-~_ B

_NTHF).fkishoqldar is obserBd‘about‘2012'cmf1 on thé low Fréqﬁancy:gf‘h

zqidégaf;the;A;:band‘of Fe(CD)s in axspectrum iﬁkNTHf glass wheféLthq
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T{Highest concentfation of trans-(NTHF)zFe(CU)37was,obsgrved‘(fig.VZ-s)j”;QQ Ea

1

;aqd”softhié pquld be the A}! band. It alsb‘fits‘tha Bigorne type'cérfe;ation

"Tvdi;graq_éery well indeed if the Raman Frequency”of’211a t:,m"1 frqm'the,

;iliQuid;spactrum7sis taken as the freqguency of the highés£ f:equency'A{f.;f.

fmgdevof Fe(CO). in MTHF glass. The other compound, however,‘Shows'”] ;*f'
e 25 , : T

v_pgnds‘af frequencies below those predicted by the correlationrdiagram v

‘qu:fa ciQ?disUbspituted compound. This is consistent with Bigorne's
{obSGrvationslon substituted group VI hexacarbonyls?zand is reasonable;
‘lbscausq;ﬁhe'llnear correlation depandsvon there being‘iittla‘or"nd:

4

nbﬁéhgéfin the geometry of the molecule on substitution and a cis  ‘:ff3

'Qigubstitutad speciés will always be more crowded and hence more .

 di§tqt£éd than its trans counterparf. Of course there is no cprrélatiqﬁfjf o
‘-Qétwqen a*CéJimonosubstituted compound and a vicl(Cév) disubstiiutgd:wtuff'
ybquﬁuqd;yThe ibténsity ratio of the 1877 and 1855 cm"1 bands suggesté%iﬁl'

_tbat%ﬁhpy"are'due to a cis rather than a vic isomer since in the vic

w

;cgéetthb BiWQandgis'normally about three times as”ihténse‘asytﬁellom }/

ffpaghgﬁcyxﬂ1f§and and at higher’frequency thanvit?3734but,sincell:J
idjsbbstitﬁtéd’?e(CD)s derivatives with ether ligandé are hithertof*
rpnkbownéhfhg possibility of a vic isomer cannot be ruled out. It is

;jq;pfiéiﬁgithét‘the.trahs isomer is not the most tharmallyﬁstab19>

finée}pogf ﬂ’ qceptor{subsﬁituents are thought to prefer éx{él\éitgél
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56’7,0’83and MTHF is certainly one of the worst =

- in substituted Fe(CO),

’”i'f;téccaptoré ever substituted into Fe(CD)S. In 431 mch:ip the bandsfétﬁ;“j}{

i}:fj990 and 1865 cm-1 actually grow as the 1900 cm‘-1 band disappears L

Fa§ﬁ§<qn§£he; 5and at 1882 cm—1 appears on glass softening; so!tha-“‘
“;Qfgné;jsémer‘is‘actually cohverted to cis by thermal isbmerisatioﬁ%:T V:
‘gxqépﬁibns fpsthe rule‘that poorest w acceptors take up axiéi‘pésiﬁidnéffi
iihftheétrigbﬁél bipyramid occur whers thevliéand is chalatﬂﬁgborjvi

 ;1?59£6 #te:i¢ factors are more importantvthan électroniéj For 9x§mplQ w;‘ z

? iigéé#&zgiqmé)jzfa(cojsis vic becaQée the ligand i§.only sligﬁtyy; i;f  f,;

different from CO in s acceptor character and so shows prefarahcev <.J}}§ﬁf

;fbr:the less crowded equatorial sites?? Similarly, (diphos)Fe(CU)zfxfi,; "5
‘._;§ yi6;féthafﬂthan cis for steric’reasons§6 However, since NFHE'";::ijI

13;59qbstitutés_axially in the first place it is unlikely that‘spexicf i?“

"factgrs are the reason for the enhanced stability of the cis isomer.";  B
IMPPB‘likeLyfis some interaction\bet@ean coordinated MTHF molecules.‘V;f f3 
';Fpt"inatancefCoordinatiun of the oxygen will‘incrsase its electron

’”ithd?GWiNQTPOWér‘and so activate the'hydfogens'on,the o carbon, and}ﬂ

é@'tﬁe;e‘isla pbséibility of hydrsgen bonding betwseen adjacent.NTHFf;,?f;7

yﬁﬁlaculesﬂflf]this is the case it can only occur'one way'for ste;ic 
ressons (see fig. 2=7).

P U

Aﬁqthﬁ;fintarestin95observation(is that proportionately morse °




fpuibl‘ ‘structure




‘fffiéénéYéstér;is‘fd:med in MTHF doped hydroqarboh thépin puféTMTﬁgiﬁ@‘
}f  p§§§ibié é*piénati0n for this is ﬁhat,«if,axial Cco ié prefereﬁtia;i%‘,?
| lost fromFe(CU)a(l"lTHF) in photolysis (Thie preferential loss of trans
%;ééjhéé‘bepniégggested in photolysis of w(CD)S(NRS)?7),‘ﬁrén;ngfﬁﬂ)stﬁfo}
{4j (é£ka%é)’poQia then be fﬁrmed very guickly and the alkana_équq‘pe: ﬁ;,;’_
agdbgquént;y'displaced by MTHF. A large numbgr,of‘experimenté in ‘

nf;vaﬁyingfcompositions'of MTHF /mch/ip mixtures would be necessary t0“ “;,f

| test’this explanation. With some larger ligands (NEt, and P(i=C,Hy), y o

} ,§pécies uhichFare‘possibly LFe(CU)3(alkane),are observed and will be‘f ~ﬁ

Aa{diécpsseq'léter. Incidentally, alkane molecules which would seah'toﬂ7;if 5

Jwbefvary'poo: w'acceptoré could be considered as substitutingvintO‘f  g-

2v

s i

;{fé(hd);vi;,ééiéquatorial site in Fe(CO)a(alkané), al£hqugh ﬁbe:C‘
ﬂfg_f{égnfégufétion'may be held here by ths matfix.
.gj;ﬁgjtﬁéf Pho§oly§is of Fé(CU)S(NTHF)2 was not,observeé élghéughkf.‘
itJééqlé Féké p1acéviF longer irrédiatioa timeé (30 miné.) or highef; ixf

_fénergy"light‘ware useds. The molscules Fe(CU)z(MTHF)s'and Fe(ED)(MTHF)a;f -

: wQQld bé‘ﬁighly’unstable because of the large amount of elect;on'J’

dénsity on the metal. At room temperature Fe(CU)S solutions in NTHF 5{< :

S

Tdégémpqse thermally or photochemically to precipitate Fez(CD)glinitiallx”: L

ané,thén disgrqbprtionate to giVe Fe(-Ii) anions and_Fe(II)lspeqiés;ir‘gff?:~ 

’e{bghavidurbpf Fe(CU)5 in 431 mchsip w;‘.thpotential'l.‘ig'ands”L
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'gdﬁhérffhaﬂ,ﬁTHF present was also investigated. Fe(CU)5 comcentré?iﬁvsfﬁ "
f‘:_ngéufo-?mxaﬁa the ligand conceﬁtratiohslabout M in these’éxpefihéﬁﬁs.yﬁ
f"!f%gezing §f:s6lutions with pyridine,t;iethylamine, triisopropyiphbsbﬁ;ne?i "
Qb;:héxéfludrobenzene present showed similar effaects to those obsq;vé6212; >*
f;i;}é EFHE dqpedzglass——- the activation of gﬁ least one A{ moaé of fg(??)Q; :

'ff;ﬁand-thq broédening of the E' band indicating pre-photolysis coordination .

B

*{pf.atpotential ligand. A blank experiment using 1M perfluorohexané'iﬁf;

,ﬂfa.f4:1'mch:ip showed no differences from spectra.in’pure'4:1 mch:ip’ﬁv

‘hf~ Ph6;olysis_ekperiments were carried out in tha‘triethylamine,and‘_'&” 

case six and in the .

:fﬁiriisopropylphosphina (TIP) cases only. In the NEt3

5Tiﬁ dase eight new. bands' uefe observed after 5 min. photolysis withfﬂﬂil?ﬂ5'":
"f:'Lﬂw6335;and'WG3055filters respectively. After fast warm Qp to 175K and{“f>;4; (‘

fpgfiaézing toi??K these spectra simplify to three band patterns

'Qfesént<a£ this,etaga (absorptions at 2070 and 1860 cn— ! —m @00 fid,? jf  

o ;B andftablé).ﬂln both cases _LFa(CU)4 bands can be picked out inbthe'f ’
° 'glass before sdftehing indicating that there is pre-photdlysis association ;'“”

- of fs(CU)S'and the ligand and subsaqUent replacement of CU'oh»phbtuL&éis DU




Figure §-8:'FQ(CO)5+TIP in 4:1 mch:ip glass

(a) after Smin, (b) after ﬁi?m up

irradiation ) o v v;to 175K .nd ; -

WG 305‘tg1ter,1” I .refreezing to

at 77k 9

/4300 3000 1900 2300 32000 1900 =
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. band at 1882 cn™' to the trans isomer. The E band'of'(Tlp)re(co)41137*

' ‘split (1939,'1932 en™1) in a similar way to the E band of'(mrHr)ré(CU);;_;;, ~;

and so”thers is possibly association of phosphine at this stage, - S

'f;viﬂquever,‘Boyianas photolysed a pure sample of Fe(CQ)4£P(NMé2)3] in‘ﬁ‘f5  e

::fd:1‘mqh:ip glass and observed some splitting of the E band of'théilzf,f

‘starting mateﬁial}on freezing. In the NEt3 case bands at 2045¢andﬂ1954lcm-1u«'

1éé;éjs§1éﬁdgtﬁézdoublet at 1925,1920 ! ﬁoilapsas tolavéiﬁéié péa&fjﬁjﬁ#
;;gyiézéggmf?;én warm up to 1?5K and refreezing. These bandéiare‘?séignea?ijr
. ~;é§vfgsgﬂ)a(éEgggoiHoﬁgver, bands at'1945’ahd 1892:§m-1 érgyai‘h;ghé%iﬁiLL:l‘
ifgés;;h;y thé6féxpected'for Fe(CU)S(NEts)z, F;g; i-g shbws éiéofnéi;yp§; ::: _
;gé%%;}é;iéﬁ,éééér;ms for' the Fe(CD) /MEL, and FB(CU)S/LIé;SYégémé;'Agéifg;jlff
t?t§é $p§né{d;éQ;stituted specie§ gives a‘linaag cbrrélatiéﬁ iﬁf£hév f57i"f
iTphésphiﬁe€cé§9¢f§r‘tha E modes, but the‘othpr frgqugﬁcies dpﬁnq§¥fi£ £;L;?;

'the diagram at all. The 1892 and 1924 cn™' bands in the amine case also -

3do~not:giﬁa'éfiihear correlation, but since no such diagrams have: o

»P#QVibUﬁlY‘peén‘coﬁstructed'for Fa(CU)S/amiheVsystems'it\is impossibleﬁfﬁ?V RN

:drSéysmha£7fhéf9190ifican¢e of this iSﬁi& Yo

ff?Asfin thQ;NTHE case association of Fe(CU)s and potential 1iéand:;
tisfimportédt he:e, but, on the evidence available, the nature pf}the
'é@éctidnslodéurring on“ir:adiation beyond the initiél substitutidniqf:

an axial C Aéénnot békdaducéd.,A likely possibilityjis'that‘Fa(CO)4L




;2%3252;2;3%‘Correlatiqn diagrams toyjtho Fe(CO)s/NBtstfq,

PRI

‘  ';‘90(00)5/TIP syutems;”

(NEt,)




Iffi‘?ﬁhotoiyses to give Fe(CU)3L+CD and some of the bands obéerved,may.bevj'v;“

.. due to Fe(CO),L. In Boylan's photolysis of Fe(CO), P(p-talyl), he =

"f f:bbservad‘a primary product with two bands at 2002 and 1921,cm’1;
i-ﬁj'fapppoximately the right intensity ratio for CSV.FG(CU)SLJor Fe(C0)3(L)(a;kah§)?

Conclusion

) ;?f'fThe_photochemistry of Fe(CU)S in solution is still'faf‘from‘wéll;7;:

}; (unde:stood;fbu£ the information in this chapter probably prqvideé £he}:,;f?

P

ﬁésﬁidifebf'ciﬁe to the intermediétes involyed‘invgqch éhdtoqhémiééiiiu:F;%
iarsabgiohé. inﬁbure’hydrocarbon solution the most importantfihté;mg#iaté:i !:
ﬁ46 §h;ifprmé§i§n of polfmeric‘iron carbonyls and CQ exchéhgé;?gjp?opab%Q}ﬂh,'
{fi  ;;€?(¢U)4Sé1kéhei. Hdweve;, when a Lewis base is present,‘p?e%éhﬁtq;ysi%;? Z

v

f;ﬁ,,.fassociatipn‘of‘Fe(CD)S and base may mean thatvthe~alkane éomplex‘is:;ui‘,’g"‘.

'qutfimDOrtant'here. Associates of the type Fa(CU)S(NTHF)Aare almost -

¥Qef£aihly‘pfasént in solutions in denor solvents at room temperature -

*anq,mayialsonbe present in low concentration in Hydroparbon so;uhion;ﬁf"*f

Jop e .

iThBVjéfé ptbbébly shoft lived at room temperaiure, but, since they_havé;35:'

R beeh:shdwn to be much more photoreactive ’thanvlFa(CD)5 itself‘in,giésgj}

}hsdia,tbquld yell be important intarmédiates. The primarybreactionﬂ

1911:6é§é3 ih which a'poténtialvligénd’is present seems tO'bé'lbgsle

i

‘ ffom'Fe(E0) Lffollowedvby rearrangement to give Fe(CD) L;
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- Secondary photolysis in the preéence‘of a potential ligand pfobablyiu

!=f’prbduces both cis and trans disubstituted products, although further -

fi‘ﬁ@rk’is required to substantiate this. The axial and equatorial

BTN

:Vybreference of ligands is difficult to explain for MTHF and aikéns§, and’  ?.

i

';3;Ithe rule that worst m acceptors take up axial positions thch holds foh'

}H'bhosphines and phosphites does not seem applicable. The failure to

,f}bbservefloss of‘ligands other than CO and the apparent tendency to losekﬁiﬂ

£: 55131 CU;from‘LFe(CD)4 are illustrations of two of the concepts R

u

“‘,gi;aiscussed ih‘the introductory chapter. The above results could p;qbgbiy'

" ba interpreted more meaningfully if the.results of detailed»kinet19; :  Jj

T

gtudies on-the photoreactions ovaa(CU)S,_espscially with hard bases, .

o

é,l@ére'avaiiable.
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\';'Intraductioh’f

ﬁ];fTha mechanisms of substitution reactions of group VI hexacarbonyls

u,'héve‘been studied much more thoroughly thah the corresponding mechanismstlv"

qu;FB(CU)‘ rBactions?Z 85486 1his is probably because‘substitution inl5'“

7kgrdup VI systems does not usually compete with disproportionation and
«:pdlymefisatibn reactions as in the iron case, The mechanism onphatochemical‘

?ébbsti&ution is thought to be loss of CO from excited M(Cﬁ)é'follbuew by'  =

*nuclecphilic attack by ligand on M(cu)s85 while in thermal substitution
ﬁfa;éimilar mechanism involving CO loss as a first step is thoﬁght_tbj
cdmpeteﬂwith a-second order mechanism involving ligand-hexacarbdnyy‘; 

assoczatlon as a f;rst dtepe6

'»y ,,Thare have been several flash photolysis studies of C:(t0)6~iﬁ‘

.:byglqhexana:solution87-89 and two matrix photolysis studiesla’zsxdnéﬁinu“i

" hydrocarban glaSslé all of which show a primary photolysis step of H(co)ﬁ::f

— m(CB)5+CO. As mentioned in the intioductory chapter, tha\stqﬁpturdfa
P 28" T

of the ground state of l"I(CU)5 was.a subject of controversy, but it has

i ’ “'l “"" ;’ L . . .. ' ‘ ‘. . 25 26 90

~...now been shown:that this is almost certainly C (square pyramldal) : S

<+Ugry rgcént‘gag matrix work suggests that the N(CO)5 speciasiobgervsd;?

to date are in fact M(CU)5-—S?where S is a matrix matsrial weak;yj!"“

inferaqting»with‘the f‘ragment?0 but all these M(CO) ——-S spadiesrggeiﬁeéy“f"l

Léi@ilér,frpwqpheir i.r. spectra.
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In theﬁcourSa"of.this work some aspects of the spectfa:N(CU)sténd}
‘T,ﬂ(CG)5 §h hydrocarbon and 2-methyltetrahydrofuran (NTHF):giass ﬁoé ﬁrauibhsly;

”'319°t°¢ haye,bpeq éxamined and the photolysis has been extended to prqdﬁﬁa:'ﬁ

“fjﬂ(FU)d'gtc;[Reactiqns occurring on glass softening in'thefhrésencéfbfkr

unusual ligands have also been examined. .

\'»Photolysis‘iﬂ Hydrocarbon Glass
“Like Fe(CU)S, group VI hexacarbonyls dissolved in 4:1 méﬁ:iptmfit&t§s f ”

band shougjé"shift?fk*

J"shdw;changéé’in their i.re spectra on freezing. The Ty

]fofléb°9ti§-cm—! to lower frequency in each cass, but‘its'shape:ié h§£ muéh' i

i;éltaxed éx;ap£fin high concentrations of hexacarbonylv(§10~1M)fﬁhaﬁév;hp;-'f"

é pfdbéb1y spme‘aggregétbon taking place. The F1u band frequenéias’(cr(60)6~i

6 1978 cm-q) in the glass wa;e~54

o 3"19730';@;;_,-1 3 Mo(CO)6 1983 Cm-13'W(CU)

;i”quns;defably lower than those observed in Ar matrices at 20K (Cr'1992;0;~:3,\

Ts Mo 1997.3,1992.3 cn '3 W 1995.2,1990.0 cn”

)2° and- the pp(co)6_7‘

frequency 'was less than 1985.4 cm 1observed in a CH4 matrix.  The opqqrrof-ﬂ ,
7: '?:équanéi@é?ﬁr(tﬂ)6<M0(Cﬂ)g>w(cu)6 seems to be typical of solutions bfff:»i
o1 g

o ;ﬁgxédarbbﬁyls:énd has been observed in CCl4 and hexachlorobutadiena B

kj“sdlutioﬁs,aé well as hydrocarbon. (The spectra run in hexachlorqbugaqiangfi_v‘

"tﬂﬁﬁlis'ﬁéré originally assigned as spectra‘ofvsolid.hexacarbqnyls,‘bq§3-“~

ﬁbfe‘féﬁéﬁtfhﬁrkg1 has shoun that they were probably in‘fact:sqlqti§g’

abééﬁré;) é§ndé}due to‘m(cu)s(jscﬂ)yhecome:sharper’dn cooling as‘akpactgdgl
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The A1 baﬁd mainly due to vSCD stretch becomes more distinct and shifts to...

lqwer frequgﬁCy (1958 to 1952 cm-1 inkMo(CU)G) ahd‘another band i; obsérvedf

- S IR v , o i
A_around 2010 cm , probably duq to another A1 mode observed by Bor?

% at 20109
-1 . ’ : ~ el n
cm: . in cyclohexane at room temperature and at 2010.4 by Perutzgo*inﬂmethana'

. at 20K for,mo(un)5(13cu);

: ﬁ‘G:QUPQVI hexacarbonyls are much less soluble than Fe(CU)S éndjsbv4.§,'5 l

o

fa;occqsionally'crystahlisatiun took place during cooling. In most caséé,uha:e o

ﬂﬁ_‘highér concentrations of hexacarbonyll (>1072M) were used a.weakfbahd R

;f‘daVeloped‘arophd_ZDZU en”! and a weak shoulder appeared on the-lomffréqﬂqncy:f

;éidq oﬂ1£ha Tiu band of isolated haxacarbohyl (around 1970 cm"),'rﬁesel

e  ‘9ffacts ﬁere assigned td some crystallisation taking place on:cobling{'

.. . Dccasionally, for no apparent’reason, much more extensive crystallisation '

)55yf3t°°k;b}a°9 a"d the spectra recorded in these cases are praobably spactra'of

;éolidfhéxééérbonyl with the spectrum of isolatsd,molecules suparimpqged;

Mf (§é6ﬁFig;i345)QJTh9 i.r. spectra of solid grouini hexacapbonyls.have_beenu} f

‘uﬂ;iﬁotdrioﬂSlyidiffiCUlt to‘obtaing1 because'of the high intemsity of‘thevﬁ1;5‘v;‘

7éb§orﬁtién.‘fhié,absorption is split into twelve components, five?ofﬂwhich}.'”

’anrgrL;ﬁ, éctivé; because of lowering of site symmetry and correlap;ppwf;qld:

splitting in the crystal and the £ mods, which absords at slightly higher

Jfrééﬁéhcy,‘(éfsﬁnd 2020 cn” ) is Similar1Y‘splitﬂint°vBight:Comé@hé@ﬁs.

:fﬁfee‘dk wﬁiéB ;re i.r; active?4 The res“i£'i5 that the stCtngﬂgnffSEIi
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‘”vi;n(tﬂ)é for all three metals in the region around 2000.cm71‘cobsi3ts;qf ;[f

¥ffﬁéiéhﬁf§vériéapihg bands and appears as a'vqry broéd bana‘mitﬁrfﬁrégf?;ééé:‘ :[ 
fhe:ﬁfeseﬁce éf small amounts of selid seems:to have little efféé?{ogh‘uum
'1w%iéhbtoiysis; at least in the initial stages, but leads to pulymérifcyma£i§n }"
'rziate:.. 

1i'{'Ph§tolyé;s at 77K with UG 305 filtered light gave thalexpeﬁtqq:thféé  j
| 14,25,26 | o e

f band.pattarnvof a Cav metal pentacarbonyl . Observed frequenéiés'are

Q §;5fécorded in table 3-1. A fourth very weak band at 1997 cm'-1 is1observed in

-

?ftffhe';ase of Mu(CO)S. This band may be due to sguatorially substiﬁutedf*i~

,Md(CD)&(jSCC); a corresponding band is observed at 1994.9'cm-1‘by Perutz -

'-fF—.qrimapé:likely is due to some polymeric species such as that.obgarqu" ; 

7531: by Shalineie_t_all4 having a band at 1995 cm-1(sae,latef)€ o

Photblysié with higher ensrgy (unfiltered) light:led to‘tha.format;ph
of}twq[ngw,épecies. The first formed has four i.r; bands whose»Frgquaﬁciasv“,f

'Efejgiyen ih table 3-1. The relative intensity pattern is (at'laasg”i£; ;3ﬁ?

qualitatively) consistent with that expected for a C,, M(cu)z~f:§ghent.*?g ,

fIhe;spéétra were simplest in the Mo(C0)4 case'whafq‘6nly ohg baanqurlggped’;

with a band of énothe: species (see fig. 3-2) and so No(CU)&‘Qill‘pq’

s

discussed in detail first.
"No(to)a_is a fourteen elecfron fragment and so anywtet:ahQQralfﬂdfm of, .

.O(QD)qubuid‘have.a,dagenerata'grgund state and‘sq:uquld‘bexéxﬁgqtqﬁ




'1vTab1§L3-1:‘Ob-erved,frequonciee of group vz'p.nt.g.,bonyl,f.nd;m;'

;§‘ ;¢tra¢grbony1pfin 4:1 mch:ip glass at 77‘# (ﬁnitp tﬁeu

Cr Mo W =
' 2087 2090 20932
1963 1961 1951

1925 1923 1921

2055 20532 20564
1942 1937 -

1913 © 1921 1919

1891 1871 18877
| 18804

' Pigure 3-1: Mo(CO);  Figure 3-2: Mo(CO)g in 4:1 mch:ip

!

| 4n 4:1 meh:dp ‘after 25 min. unfiltered irradiatic

‘—rpoom
temperature

s-up(c0)5~ﬂ~e

e T e e O —
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| "ghow Jahn-Teller distortion. A C,, form of Mo(C0), could arisa.infthig uay'f§5 

 6:Lby§1o§s of two cis CO groups from Mo(CU)B,and retention of octahadtglfg.ff*f

. configuration about the metal, i.e. cis-Mo(CD)a(vacancy)z.v

- ; - ' 'v/\
. All four bands of l"lo(CD)4 are easily observable so in theory C~M-C -

*3 ‘b¢nd angle calculations based on the relative intensities of the bands are

.f;psa§p;e951f certain assumptions are made:= (1) that the dipqlé‘mpmehg.%éer.
,féé:iyatives éf symmeétry related MCO groups a%a the saﬁe under vibrafibnsﬁéf' 
liiwaiffe?ghﬁ!symmetry, and (2) that the degree of mixing of the twq A1v@paé;i;t

fisén betest;@atgd reasonably accurately from a éimplifiea (Cu-fgctoréé)“tififin

" force field. In many cases bond angle calculations including aésumptiﬁh (1) 5 

; a:élfeir1y successful, giving angles within 5° of values obtained ffdﬁTf?ﬁﬁ

 £crysta1 structures 8.9. CpMn(€0)., (see chapter &), Mn(C0) Xg7»Houavér;’ﬂyde f}

‘and Darensbourgga calculated dipole moment derivatives for a numbér/af Ei3ij
M(CB)Aué,cumpounds assuming that the angle between trans CO groups was élose
thb”1809:and the angle betwsen cis CO groups was close tO'QUOT(Vqlugs close‘L

7{v§0‘thesé are found in crystal structuresgg’100) and found a value of one,

f??dipqle:moment;aerivative (ff(ﬂgz)))\very much lower than the other thrae;;nf '

e jThgiaxplanation proposed for this is that the dipole change quingathé»Agz)

yib:a#ipn)is perpendicular to the M-C-0 bond axis and is of a t0t311¥t76i;K“ -

fdifférgntgtyﬁe‘to the other dipole qhéngas; A similar explahation ﬁa{

“qupbsed{to‘éxpléin apparent anomalias'in_tha absolute intansitieﬁto‘




:;;;-g¢§);x;0%'lt ;e difficult to imagine how a pompgnéntu§f‘iﬁ; y?:
_;fd;pblirﬁqnenfkchange perpendicular to the bond axi§ c&uld Qrisé
f: é; Cov M(CO)4 since all the orbitals of botﬁ metal_gédvpo jr; 
1 o;tﬁ9g aymﬁegric or antisymmetric about mirfof plgneé éé;tj%ﬁiﬁgt'
ﬂl;CQQ"bonq axes. | |

. Assumption (2) was also made in Hyde and Darensboupg'aufﬁ

,f% @érk.1It has been shown that the main diaadvantageroflhlcoy
v ;’fact6red rorce_field is its Pailure to give rpliable,valuea‘to: '

33

'fbinteraction constants®. The degree of mixing of the A, modes is -

T;Biven by the relevant elements of the L matrix yhich'rqlatqli]>i"
,:aymmotry #oordinates to normal coordinates and these tij..r,-ipf;

?fturn related to force constants and interaction conatgnts ingth9;;

'

‘7_ tollowing way

IR | Lyy==-L g=/Gsing k(3), S

”ﬁhoia Pij are F matrix elements — in the case of C,y H(CO)4, :

?, 11 1+k11. an-xg+k92, and F, -2k12 whe?e K1 and Kg“,. CO fL‘

;y atrotch1ng torce constants and k11.k22. gnd k12 aro,intoractifn

'*jj{constunts as defined in fig. 3~3 G is the reduced maos ot CO

. Pigare 330

j81p¢d thére;are only four CO ét:gt@hea,¥only1quri¢oiatantgk;;



.'; 7¢qq be determined and so it is necessary to assume so@e.;

- . 'Table 3_3,' |

ﬁfolgggdnshipvbetween two of the parameters. In the Coftﬁan'
ff‘ifé;h;qze;‘gpproachls which waé deQeloped for’qubstitutéd.‘
i'ﬁfhéx;¢a§b§ﬁ§13 with a basic octahedral,structﬁrekthe ;ppfopriate
{fgfgisgmbtion. based on w bonding theory, is kt-Qk;-ch, (;efé'if
!.;i#il-ﬂklzuzk ). However, results of calculations on iaotopicillyu

j j oubat1tuted Fe(CO),I,” ", which probably has a value of 0 <1ao

1

B £ §93808t that,k11 22*k12 would be more appropriate. In a

#'ﬂ*.tructurevclose to tetrahedral k11-k12-k22 would be approximltely

'Qtrue. Force constants were calculated assuming kll'kﬁﬁ (nothod (a)

and aasuming k 2k,, (method (b)). The results are shown.in :_7

117

"itablo 3-3 together with the results of calculations on Mo(CO)‘
 - 1n a CH matrix where additional data from 1300 aubstitution C

'Vf_utud;eo‘waa used.o‘

(a)k

11'“22 (b) ky4=2kgg (¢) ree. 90 .~

“*i,‘ifa TR | 15,97 16.941

Ky 14,90 1469 14929
11 fkk&g: Ai:o;§2 | B 0782‘kf;x: . o.687

_ Unite: md/A
"“'Tho‘rosults of method (a) will be more accuratO»foé.an__:“j“

‘ approx1gato1y tetrahedral molecule and the results of method (b)

'nore accurate for a cis dieubstituted octahedral etruccuror‘an)g;
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der Kelen et al. used a force field similar to C&ttonelraihahzolf
.. but with k =3k f3k , for calculations on (Mn(C0),X), compounaaf1

- ¢uher0 tho local symmetry about each metal is C2 10? Houovor. in"

&{Tfh#a,case‘fortuitously k i.e. ke=kee-

22"%12
lvgond angles were calculated using both sets of reaultifék':'

:T i1nc1uding aaoumption (1) and the results are ahown 1n'fab10f3-4.f

ﬂff'Only Lij reaults from method (b) taking the A{l) and A{a) modeaf

7 ;;”gs being out of phase give aenaible anglee.

" Table 3-4

L HOVAchtl)d‘ (a): L, =L -0.,315 , L, .==L..=0,203

11 722 12 21
A, modes out of phase 0,=149° 0,=52°
b”f?A’fmbdes.in phase 61-75o 62-82°
”ﬁﬁllethod ‘b), 11-L22-0.344 le--L21-0.168
:'5A1ﬁmodoo out of phase 61-173o 92-730
A modes in phase 91-104° 10,-97°

Relative band intensities were measured for a numberlbff?,”’
“5?;dpectra by measuring the peak height and FWHM width of bandé.,Tho:

";:low frequency A, band overlaps with the low frequency Al band’

1

iﬂ'fqtaﬂo(co)s. but the contribution from Mo(CO)5 to,this band'codld;'

boioitimatod since the E:A, ratio for Mo(CO)6 is known and tho

1
’TB band 1a diotinct. However, the calculated anglea were fairly ]' ’

iinaenaitive to'changes in band intensities, ,but were nqch mopgl"

E',qonsitive to small changes in kié. A change of :_0.1’md/A:£nfﬁzafb

&  kia produced changes of around :99 in bond angles.
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Recently Perutz and Turner have carried out torcthiold)”ﬁ: :
13

“ calculations on CO substituted Mo(CO)4 in a CH4 matrix |t¥ﬁ’f

- 30K and calculated bond angles using the reeultsg?

They hafo g
giaoshown phat the out of phase solution can be used to.
- Uéﬁlculgte relative band intensities in the apeétra of isofopiéaily
Qubatitutod species which are close to those observed iné ?9:the .
;fQufof phase solution is probably correct; Their valuoaybfvé;- j
g f:174.4°.and>92-107.4° (350) in the out. of phaaé solution ap§7¢‘ V
;“5ﬁiikely to be more accurate than those calculated in thiavﬁork
/éincé the force field calcuiations are more rigorous. They
ff‘fﬁSB°°t'?sé£ Mo(CO), has a structure based on'oétahedrjlysolghﬁt
'Vf;;tf;é';otaurprising that method (b) should give better téau1t§

. in this work. Angle calculations using Lij values calculated

. from Perutz's force constants and intensity ratios from thig Tm‘“

: ;ﬁ6rk_g§ve values of 61-168o and 02-78o in the out of phaop.aplﬁfiol
‘f ; Again tho value of 62 is amaller'than expected and tpié maf'_}
"ﬂ?g; fpe,rgeuit of some‘structural difference betweeﬁ ﬁéido);’iﬁ
;  41a;g ghd‘Mo(CO)4 in CH4. and.suggestu that posaib;y ;ud:;beéi;a,,
‘ff,npd9r exgmination‘i§ not Mo(CO), but uo(CO)4(a1kane)2,yth;;; :
ﬂi?éi¥a09:§501ng a greater steric requirement thaﬁ CH4,:

Bven th§ approximate force congfantq‘ahdw a généralltééﬁév

 Mo(C0) % Mo(C0) ?5>Mo(CO), which is always found when CO is -

©; -replaced by a non-r-accepting ligand in metal carbonyl derivntiyog

oy

‘T;flnjthia cioc the 'non-T-accepting ligand' may eithervboja'f

'fydanqy oi q weakly interacting alkahe. Pgrutzgo-hiqlshqan;%hqt{fﬁ




4tho viaiblg spectrum of Cr(CO)4 does not change much in 41fferen€
n@tr;cea unliie that of Cr(CO)s.,aqd so presumablybthergiq 165;':
 intofnct#on between Cr(’CO).4 and the matrix materia# (cf; FO(CO)4
rklﬁdﬁ Pe(CO)s). Mo(CO)4(alkane)2 is therefore likely to be a:very‘
uéak coﬁﬁlex.
¢r(CO)4 and W(CO)4 were formed under similar éondi¥io§.uto’,

;1?9(00)4. bﬁt their medium frequency bandq overlapped qbﬁqidprahly
H with the'éorreoponding pentacarbonyls and tricarbonyls, Cf(CO);
' f §§pegiq11y was extremely unstable to bhotolysis and could onlff
:'ipo’éenérﬁted in low c;ncentration. All the tetracarhonyla"
éﬁqwed phqtoreversal to»M(CO)5 when irradiated with HG 335;
i ;£i1terod lighg, but in the Cr(CO)4 case photoreveraai-wg§’y§ry
;_;igaet i#ﬂeed. Cr(CO)4 was nover’obsérved in the absence qf Cr(CO)s

+

' ;:wﬁicy'ia presumaﬁly its photolysis product and so the'ﬁhqi;.

' amount of Cr(CO)4 observed is presumably a steady qtﬁ?e_?

- concentration.

| Thq next'apeciea formed has two i.r. bandb at 1972 ind

:li;ai8§° cm~1 in the Mo case and is most likely I(CO)34M7351°,3'5
q‘listqfhg observed frequencies for all three metalsg-;-‘  |

B Cr(CO)3 MO(CO)3 : W(CO)8

o ,""Al" ~1975° 1972%,1980° 1967°
T . ‘ a2 a b a '
. -YBY ‘ 1858 1850 ,1862 1847 ' 2
" 'a this work b ref. 90, methanme, 20K units cmf;;ﬂ5p“‘“‘bl

S Thé two bands are in approximately the right intensity,ratiof;;ﬁﬁ




¥~?:fornod in the glass: one absorbing at 2108 cm

for the A, and E bands of a C

A, _ Sv tricarbonyl with the higher

1groqpon§y (Al) band much sharper than the other. However, 1sqtopic
substitution work in methane matriceego hao shown that llo(CO)3
~ $a=C3v with about 40% of molecules distorted to C . The
" ;;ab11it1qe of all three tricarbonyls seem to be similir.LAf;or’,
'ébout 70 min, photolyaie of Mo(CO)6 a very weak band wés’obaqrved

-1 Ghich may be due to Mo(CO)z?o

" at 1909 cm
In tho’Ho(CO)6 and WLCO)6 cases several very weak bands.
gpparently unrelated to the bands of the simple photolyaiai
‘producte were observed even after photolysis with WG 305 rilgored
) ;iight. In order to observe these bands relativ;ly high | |
 ;§on¢entrations 0~2x10'2M) of starting material had tolﬁq ﬁscd:
v?oiitia»likely that, they are due to polymeric apecios;Thoir
‘;ntensitiﬁs‘are not reproducible for a particular cdncént?af;on-
C ~of starting material which also indicates that they afe’due to
- ﬁ@lymoric species the concentration of which will dopeﬁd én'the
.'igmoﬁntmof‘aaaociation of hexacarbonyl in the glass which;wili
' g.dep?nd on éhe rate of cooling’aa well as the concentration of
fho etéitingvoolution. The polymeric species are §n1y dbéervbd
as minor products, so there may be other bando'benide those
 ppaerved.
'Iﬁ the Mo case there are at least two polymeric apeé@egbi

=1 ang the other

 at 9081 and 1997 cm “1 0On warm up the 2108 cm-l band diaappgatq__f

"“~bolow,100K; while the other two persist to above 113K and pndér s



=60~

éortain circumstances actually grow as Mo(CO)5 disappeara;ljlei

".1.997.cm'1 band is probably the band which Sheline14 observed at

199§ cm'1~and assigned to D3h Mo(CO)s. M.J. Boylan25 observed

two dbands similar to Sheline's at 1997 amnd 2005 cm'.'1 in mch:
isooctane glass after softening, but the occurence of these

bands was accompanied by production of solid hexacarbonyl: so

1

the 2005 cm — band which was not observed in this work is

 probably due to solid. The 2081 cm™1 band is much weaker than

1

~ the 1997 cm ~ band and was probably obscured by solvent absorptions

i'in;Sholino'- and Boylan'u'spectra. There is a possibility that

1

the 2108 cm ~ band is not due to a polymer at all but to CO.

' interacting with a pentacarbonyl in the same way as in a CO

e containing gas matrixloe In the W case a band ut‘2035 cm

1
which appeared after prolonged (70 min.) irradiation is probably
’due to polymer.

There is very little information in the bands observedA
iabout thé structure of these polymers, In the Cr case a polymer

- of the type CrQ(CO)10 or including a Cr-C-0-Cr bridge has

11
kboen’auggested because of the similarity of its u.v./visible
i';ééctrﬁm to Cr(CO)5 in a CO matrix where the interaction

U"(CO);Cr....CO is thought to be importaqt%04 In the Mo and W

?laes there is a possibility of polymers including a seven or

. eight coordinate metal being formed and structures auch'as (A)

and (B) in fig. 3-4 could maintain an eighteen electron

”~f» configuration about the metal in spite of being CO deficient.
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Big. 3-¢ |
‘(Qov)suoq-—/nao(cms ‘32)5 oc'f-‘gg)ico |
(CO)‘NJ/ \Mo(CO) (CO) ;;/ l‘(CO)
_. “ls 5 4 - 4
(A (1) I R

| (44)

(B)

Thosekpolymoric species all persist slightly longer thah M(CO)S'

1 region

‘after glass softening. Absorptions in the 1870-1800 cm~
_due to bridging CO were not observed, but could well have been
7@praoent since only very low concentrations of polymers were

»obaerved{

- Reactions Occurring After Glass Softening in Hydrocarbon.

When a matrix containing reactive photolysis productﬁ is -

. iilowed t& soften there are three types of reaction uhic@lcaﬁ

- ocecur: (i?urecombination to regenerate starting méﬁerin1;7(11){
pplymeriaation bf reactiv; species, and (iii) re-ctidn'u;th :

i 1ﬁpur1tiee.'ln the case of glasses containing groub VI
 vpenta§arbony1e and tetracarbonyls all three processes can occur,

| 'Recombination with CO occurs from about 90K upwards 1n 4:1
’_mgh:ip. but the rate of regeneration of M(Cé)slvqry quickl&valoua'

' ddwn,_Preéumably this is because M(CO)5 fragments with CO ¢1000 
‘,‘to them i.e. in the same solvent cage,wstbmbine with it as soon
;_'ao movement of CO in the glass becomes possible. Houever. nfter

7-7th;a type of recombination is complete, the remaining‘l(CO)g~f'-‘

"kt;kes_part in other reactions faster than recombination uitQIQO,

-ﬁ ’Siucea;‘n'!1moot_a11 cases, starting material is °°ﬁb1.t,1yéﬁdif';




—_—ve—
fregenerlted..l(CO)6 must be thermodynamically stable witﬁ
'-roepecg to polymers or impurity complexes and CO, but as;exﬁenaive'
reéenerltioﬁ of hexacarbonyl does noi-normally take place until
' aone‘QQOK;‘there must be a kinetic barrier to recombination
with Co.
Apart from recombination the main reactions in thebinifi;l
.. stages of slow warm up result in the formation of polymer“of the
t&?e described above, but as warm up continued another type of
ayopecies was formed in almost every case, no matter which’metal or
what rate of warm up was used, This species (I) had fone. i.r.
bgnﬂe (two very broad) (fig. 8-5) and a characte;istiﬁ abaorptiqn
LihutheAblué rogion of the visible spectrum causing a yellow
cd}onr. If began to form, in solutions containing M(CO)5 only ;g
4:';e?at,'around 113K and disappeared around 230K, being stable forik
‘aovornl hours at 195K. Freéuencies of i.r. and visible banda ar9 :
‘given in table 3-6. Attempts were made to isolate this apecies?
‘1_ht‘room temperature by carrying out irradiation of a heiaéa:bényl
\véoqtaining glass in a flask and pumping off CO as the glass
obttenod. However, in the absence of CO solutioné disprOportioéated
- to M(CO)6 and metal around 260K and‘the oo@id obtained by‘pnﬁb;ng
6ff solvent at 195K (yellow powder) always contained ma1n1y f-‘
hexacarbonyl. The yellow colour in this solid persieted unt;li”
around 40C in air. |

' Photolysis of hydrocarbon solutions of hexacarbonyls at 195K

i

»; :in a sealed cell produced the same species (I) and so did photolysie




Table 3-6: Observed I.R.

(1) at 195K,

A 2080
By 1o7se

1936

1908

 :855* (am) 483

* predicted at 1990 cm'1

and Visible Frequencies for Spécieq

) .

Mo

2085

1980

1945

1910

405

2075

1984

1938

1906

416

Units: cm™"

1“:1:

by Cotton-Kraihanzel force consténta{

;;§£52£2,§;§:'H(CO)S(HQO) in 4:1 mch:ip, 1.0 mm path 1quth o

B

; )
1 i ]

7.7 2200 . 3000 1900

S WeCO)

[

S solventf j3T
absorption. .

A

W(CO)G'

2200

2000

1900



*,ffunctionywoll as a hard Lewis acid

—yY~-
'2;pfnothylgno chloride solution at 195K (using WG 335 filtogod‘

Qlili;ht). Th§ four possibilities for this species are (a) polymor.
;(p) isocarbonyl, (c) impurity complex, and (d4) solvent complex,
‘and the evidence for and against each of these poosibilitioa‘gill
" be discussed in. turn.

Stnblo; neutral polymere of group VI carbonyls are not knpun,

2- 106

but anionic species such as (HCrQ(CO)lo)' 105

and (Crg(CO)lo)
h;ve been ch;racterioed. The former type of anion contains ﬁ'
. Cr~H=-Cr bridge while the latter has a Cr-Cr bond. Sincezcr is‘thc
ona;leot of the group VI metals, polymer formation in chromium“
: cagbonylo would be expected to be inhibited hoat.by steric factﬁro‘
gadvthio is prqbably the reason why polymer bands are not oboofvod
'aftor photolysis of Cr(CO). in glass. The formation of polymeric
an;ona_ahéua that polymerisation of Cr carbonyls is poaaible.'
aithouéh it may be slow Eo; steric reasons. (I) ?ormod just nni
 .qu;ck1y for Cr as for the other metals. Paramagnetic V(CO)G,
ﬁowovor. does not dimerise, probably for steric reaaons.107 |

Né i.r.vabaorption in the region 1700-1500 cm"'1 c§uld be
-observed (ueing & low temperature cell with NaCl inner windows)
 and so it is unlikely that (I) is a polymer containing a linear
u-c&o-g}bridgo. W-C-0-A1 and Mo-C-0-Al bridges are known to aﬁnorh

" in the range 1692-1515 em™1 108-110 However, M(CO), doos‘not’w‘

53 and so it is unlike}y.that .

ﬁit;would_bchave in the same way as aluminium trialkyls to¢59rm

; 5itab10'ﬂ(cO)s-C-O-N(CO)s compounds, although unstgblo polymers of -
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Mthis type may well form in the 31393}04

The visible abao:;tion
;maximum of (I) in the Cr casé (483 nﬁ) ia considerably d}tt;rQAt :
; _t?om the fréquoncy of Cr(CO)5 in CO m;tricea‘(462nm),w§1¢ﬁ*  u'
xrﬁould be.thqught to have a aimilar visible opectrum.to  |
j‘v :("co )gCr-C<0-Cr (CO), .
o Thé‘i.r. bands form a pattern which could be due té‘a g
‘5monoaub§tituted hexacarbonyl although the two ;Buer rrequonéy;
“Jiﬁlnds‘nra extremely broad for ouﬁh a species., The lowoqt'froqéency ;
" band in particular showed unusual sensitivity to tempornture. 

l‘in the W case (fig. 345) and °'; N

i 'o’hvifrting from 1906 to 1895 cm~
"f ﬁééomingconsiderably broader on cooling from 1§5K to 77[; Th0

' :b;eidth éf‘fhe two lower bandsyauggesta that they méy in_fé¢t §e  l

k;éombouit§aotja number of bands due fo M(CO)n units in ditféf.#tt%

l'f\qitos’in a polymer. Since there is no band in the 187051800'cnf;

Lrégion..itbis unlikely that there afe iny conventional b}idgiﬁgw
VVCO groupa%preaent. | L |
‘Intﬁeyuo case formation of (I) was very much faster_nheq
vﬂq(CO)4 was present in large amounts in the glasa’and?qpectra ié
,ﬁhich Mo(Cd)sland (I) are present at the same tiﬁo after uirm;@gﬂ.
';o 92Kkand refreezing have been recorded (fig. 3-6). Houcver,<‘
‘3 M9(C0)4.‘when present in much lower concentration,_peraietoq'H[
 ‘Junti1 abov§ 100K. It must be noted that the preeence:of I(CO);
 ‘was not neéessary for the eventual‘production of (I’,'Tﬁiéy;e;atiod
; 6ffho'?jte éf formation of (I) to the concentration‘ot'¥o£§6)4’

”fiq,thq etrongeat piece of evidence for (I) boing_polyuoric;ﬁbutl




s wo—

Figure 3-6: Spectrum showing Mo(CO)5 and Mo(CO)S(HQO) produced

LS

“\ng warrs up of an Mo(CO)4 containing glass to 92K

co °*

( 6=Mo(CO) . etc.

*=Mo(coys(nzo)‘  

34 B

¢ : :

2200 2000 1900

2100

| mq)l
| VT NA
; \\\

co \

Region of the above spectrum around 2100 cm-l, scale and

ordinate expanded five times.



;}t ;;iy§§;c1§at’why Mo(C0)4iconcentrition rather than ﬁo(CO)sjfﬂk
;;bﬁ;onté;fiﬁh'should affect the rate; Perutz C has shoynkfh§f  1ff
{;dr(Cb)4'i§§éra§ta less strongly with CH4 than Cr(CO)s db;ﬁ; :éj‘
 {g;§ﬁy bc thq§ llo(CO)4 is less strongly bouﬁd to the glaas,th.§ 3
;‘9(60)5 iﬁdi’ovis more reactive towards polymoriaation,-éf“i
i ;q§qib1y_(I)‘i§ a CO deficient polymer e.g. MQ(CO)G. The 1as£> 
;i;;?iination‘is not likely because the driving roréemfor., N
; ;éiyﬁer1sat1on is probably the desire of the,metai to attiiﬁ)an:
;?;i;#feéﬁvo;ectron configuration; | |
E”;gg'iTﬁéwpq;pibility of (I) being an isocarbonyl can ;lmoef
f ;erfainiy bgkrﬁled out as (CO)SM.;..OC 1ntéractiona‘ha§o.be§n
lglﬁﬁéﬁﬁ,toogcuf when pentacarbonyls are generated inyCOymatrice§ 

‘Q,ildfthiyi,r.fgnd visible spectra in thosevcasea‘are‘qnite different

erou ‘those of (1)104

5;;55  Th. §ppqaranceWof th; i.r. spectrum of (I)-at firétnglgyfi;i‘
?;;ﬁégiétpwphqg (I) is a mixture of a number of M(CO)S(impuhify);;1‘
;ﬁ#ﬁ;léxqo ;Aa since it is imposaibie iqymake §ure thaf tﬁei#&gél
'cgidgntrifiqé'of impurities in fhe;system is very1mthi‘f  ‘v
il;é, t$;§it§§'§oncontration of reacténta‘thi§ oxpl‘ﬁati@hkéeéﬁq
‘i;y:i§£éiy::ﬁdwevet, abéctrg of3(i)iwere-rgprodnciblebin- -

1di£foé§ht‘bafchés of solvent and species which are at least vcby

-iuilap to (I) formed in a variety of solvents --- mch:ip mixtures}
-h.bt@ﬁe; mchy1ene chloride, Arcton 113, Co-irradiation‘offff_ﬁ
h@xg¢§ibonylo with potential ligands, which will be dioc@qded,g; ot

fldtorf;ﬁ}thiaﬂch.ptér; has shown that when a mixtufggpf”gi




iiﬁéhggﬁbstituto¢ compounds is formed, although the E ind ;ow 
fifreguency A, bands usually overlap, the high frequené&yAlbbinds“
:_1n‘the 2100-#076 cm'1 region are usually sharp onough’to bo ' H
‘.dfqtiﬁct. (i) ahow§ only one band in this region,
.::{ii§ 1;,ot111 possible that (I) is a complex of aomQyi;p;IQz '??
‘ iép;;Lfy ;nd 8o the_rollowing poesibilitiea’wefe coﬁuiderid, ;€ 

,181née (I)‘ip formed in a variety of solvenfe,'the’impurity mubt*l

:.bév;ommon fo them all. The i.r. and visible spectra are '1“;1?? 
‘;to those of M(CO),(ketone) and M(CO) (alc°h01)111 b“£'1£ ¥° :ﬁ
. Pn{ike;y that a single ketone or alcohol would be proégntiin li;‘f'
jt‘:iiglfintpqnd no ketonic absorption could bo‘&otqctOA_in th’?
;:é;;{ qpqc;rh of the purified\solvedfo. Impurities whichvcou;d‘b§ "

Lfbrdacht in all the solvents are the atmospheric gases. M(CO)g(Ny)

# <

wlhggjb?og'prQQSred in N, matriceo.vbut its spectra are d1ffer§nt“'
}fgégjfhoeé ofz(l) , and a;tempte to prepare M(CO) (09) 1n anv ~
Oi;;ﬁﬁgi§;rﬁxz and M(CO)S(COQ) in solution (see later) havo Soen -
unlﬁ;cogﬁfui Photoreactiona with ainglet oxygeﬁ éro alao un11k01y f;
.ﬁ‘é€i’§iths of light used. Occasionally in solutions ﬁh;ch h-d
cyﬂvﬁ;éa;;;; ;nd handled under argon (1) did not’formhaﬁd mo§i :"

gofﬁth§ hdx§éirbony1 was regenerated by 195K.abut this etteétﬁwi§5

'no _répfbducible ahd‘poasibly the degassing affécta the batbiqflz L

‘dittuaion of CO through the aolution and so allows faetor ~fj' |

ocombination. Another posoible impurity is water, whﬁehm although

€ an be romovod rrom tho atarting aolutions. will alwaya ba

‘présent in the atainlosu steel parts of the coll and will be very 1§;




-y -
1;'¢#Ft;cu1£gt§ remove from alumina windows. Monomeric water
3{‘¢6mpl.x.;‘nf’group VI carbonyls are not known except fongbnn
}gNgnpont:qf n.epecies isolated from a Cr(CO)s/wot ethnnoi)KOH;,vé :
fd?nikturonwhicn analysed as K(Cr(CO)a(HQO)a(OH));4'Howevnr,nnhnninnjf'
7'§01§t195 éf‘(uat4)(u(00)sc1) (M=Cr,Mo) in water is extrncted;;w
42;ﬁ;th”40~60 pet.-ether the i.r. of the pnt.—ether layer nhoun
f?’nnnncntbonyl and one other band around 1940 cm'1~whiéhin pg'
'piprnnunably ghe strongest band of M(CO)S(HQQ). The POt-°°th°"1?*‘
;:nniutinn hnn a faint yedlow colour and the coloured agecign¥;f:"
f:dnénmposengin a feq minutes in air at‘room temperature.

v?ivThe opcctrn of (I) show many of the properties gxpected‘of

Vﬂagpgc;ragof'M(CO)s(HQO)S the i.r., band positions are close to those
Jiéxpocted the position of the visible band is typ:cal of

'le<c0) (hnrd base) complexesilz ,113

and broadening of the‘i}r.i,
‘flbnnds is expected if there is hydrogen bonding between the uao

" lignnd and.co groups. However, such hydrogen bonding.uould bq =

'gnnpoctnd to'nave the greatest effect on equatorial CO gronps and
fﬁ»uould contninly lower the symmetry of M(CO) (HQO) from 04; f

”iqprobnbly to C . This effect would be expected to have a loroAﬁi_
‘p;onnuncon inflnence on the E mode..probnbly causing it to splif.
__!;nnhnr‘thnn on the A, (low frequency) mode which consiafs mniniy

.‘~, ‘

7~iof motion of the axial CO group. The A' mode of M(CO) (HQO)

mode in an 1dealised C ‘ atructuro F:

‘which corrolates with the B2

‘shonld nlao be etrongly i, r. active. and in Cr(”O) (NH ) tho 32 ;~f

-1_52

nodo appears noderntely intonaely nt 1977 cm Tho
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iij;égroubond;ng mode of M(CO)B(HQO) could well be masked b&
'thgxacarbonyl. In one spectrum of (I) when very little uo(cojs*»,
‘;twué.pgoaent a band was observed at 1980 cm™ ! which is aﬁou; 3H§m'1
'ijlﬁwoé‘thin‘tho Mo(CO)6 observed in the same gl;ag egrliet'iﬁ fgo

'éxpcrim;qt,. and in another experiment with H(CO)6 as starting
 ;ﬁqt0r1l1 a band is observed at 1984 om™1 overlapping with the
i Q(6§)6 bgndkat 1978 cm~! Both of these coﬁld be the 'B,* bands of |
1;lﬁk¢0);(ﬁ90), but they are both rolnti;ely sharp compared to otqir‘
4£\§aédo of‘(l). However, B, bands of M(CO).(phosphite) compounds

Q?omaiﬁ riiriy sharp while the other bands broaden on éooiiﬁg,
'5F(;§echaptop 4). |

ﬁji Id¢§‘shqrper spectra of (I) were obtained in n-hoptnn9 ¢v 

ffiqoiutidn ;oiﬁg a ata;ting concentration of ~10 M hexicarbqn&i{

;f‘ind:ajpath length of 1.0 mm, This too can be explained 1r‘(I)jio

b M(CO),(H,0) since a lower concentration would reduce the chance

bqtvintornolecular hydrogen bonding. Intermolecular hydrogen
§onding 6ou1d also be the reason for the broadening and shifting
band on cooling to 77K if aggreg-toé ugo',"

<‘yofyth;low‘froquency,Al

foothod 1nvﬁhich neighbouring molecules are oriontatod'in opp601t0‘ -

directions or which have a chain type structure. The bands of -

,‘fuo(CO)s(pns) show considerable broadening on cooling (see chapter

\_,4)'.‘ o
Tho nain objoction to M(CO) (HQO) as the propoaed otructuro ‘

for (I) 10 tho rolation of the rate of formation ot (I) in tho

";ﬁo caoo nt loa-t to the concontrntion of Mo(C0)4. Howovor. tlneo




‘,uo(OO)4 10 yrobnbly less strongly bound to the glass than Mo(CO)S.
;;1t nay be. able to form Mo(CO) (H 0) faster if the first stop in
 Jth0irofct;onk1s Mo(CO)4+820 -— Mo(CO)4(H§0). Mo(CO)4(H29)2m.y
;Afofi; bﬁtﬁljkovuo(00)4(HTHF)2 (see later) it is expected to bq 
35m;§h iosa it#ble than the correaponding monosubstituted compléx.
f‘lo(CO)4(H 0)2 has been suggested as a product in the hydrélyaxu
f;or (7-ch10rono:~bornadione)Mo(CO)4 in aqueous acetone because tho
f‘rnto dopends on the relative concentratione of water and acotono}14
giA;tomptp to‘introduce water and 020 into the glass were
ziung;gccosgru1 §o ice precipitated‘durihg cooling and no differ;nce
:w;n’rﬂtolot}fbrmation of (I) was observed, The band duq’tptéo.;;ﬂno
-1 115 C

- ;f_2148 cm ~ which is observed in Ar matrices was never

f ,obcorved.‘ ' ;

Iho possibility of (I) being a solvent complex is unlikely

o qinco the,ll‘(CO)5 observed in glass seems to'interactﬂlikg‘Fq(QO)4 ‘

”ii{Fo(CO)4(alkane)go and so the solvent complex is present at

this stage rather than after glass softening. (I) is obviously

jj.'?'-’thint hﬁch more stable.

;ﬁf Polymetic species involving OH bridges are known%16 117

but
i,fpgnévure’noﬁﬁally produced under fairly forcing‘cond;ti§n§,§;j.
if16§; é;?;ux ig aqueous efhaﬁol‘ﬁith KOH’présent;I?,and‘confé#n‘;““v
"'Qﬁii;th'9"°° groups bound to each»mqtnl>and. in the cqsyuéfA: af
;anial .poéiea; metal hydride bonda.‘Théy jlﬁo sﬁoﬁ rii;.i.f}j;,iﬁ

117

"bando 1n differont positiona from (I) It is theroforo nnlikely f

,ﬁthat (I) 1. such a apecies although a polymor 1nv01v1ng B O




—_— N\~
rfcnnpbt be ruled out,

;% 12lil(C0)5(H20) seems the most likely structure for (I) om i.r.
“»lnﬁvvioible spectroscopic evidence alone. No proton n.m.r. signQI
:;ﬂpthirﬁthnn‘lolvont could be detected in the range T=-2 to 14 for
 :@3;01§tion which was prepared by photﬁlyainé Mo(CO), in heptane
‘ak-t1195x with WG 335 filtered light and so presumably contained
1  ‘£” but this was probably due to the low boncontration‘of (1)
»ji;pd 80 pooaiﬁiy Fourier transform n.m.r. would show éyuignal.
3:‘§f§ﬁptoAto concentrate solutions of (I) byvpumbing off solvent
 ';or0 #noucéoaaful. causing precipitation of a pale yellqw.nolid
 fnﬁ£ch‘when exgmined was always mainly hexacarboﬁyl.
:.f conp&nnd M(CO)S(HQO) should be a potential acid — M(CO)SOB2
‘f‘u“iy;_é,n"(vcmson'm" — and the results of generating (I) in the.
lf’pé;oonqe éf’basc will be discussed in the section dealing\with
.ijéﬁfitpaéi;fion of M(CO), ;nd potential ligands later in this
ifjéggptor. Attempts to isolate the photolysis products of (I)Vin
‘?Cglasa wofo also unsuccessful. Bven using uﬁfiltered light ind |

w"ibradlition times greater than 60 min. only slow disappearance of

i‘starting material was observed; this too could be explained if .
(1) ie M(CO),(H,0) since photolysis, with low energy light at
”f'loastflgﬁknost likely to lead to dissociation of H,0 which will

.». probably be held close to the M(CO)  fragment by hydrogen bonding

¥’qnd 80 recombine with it almost immediately. The visible emission

“!:opoétrnm ofré species which was almost certainly (I) in the W

11? and shows a maximumkat

as¢ has been recorded by Wrighton
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. Photolysis in 2-methyltetrahydrofuran Glass
As ih‘tho Fo(CO)5 case, spectra of all three hex-carbonylu’
;‘1; MTHF at room temperature were much broader than those in

f?hydéoclrbon solution., Shoulders could be observed arbund 2020 and

 v201O cn'l on the high frequency side of the Tlu band and the 13CO

~1

" band at around 1960 cm~! did not resolve. On cooling to 77K the

13

-~ band around 2090‘0::m'1 resolved, but the CO band remained hidden

1

- and the 2010 cm ~ shoulder disappeared completely. A very weak .

' band around 2110 cm~! also became visible (see fig. 3-7 and table).
.. The Tlu band shows the same type of incipient splitting as thoi
{i’B? band of FO(CO)S. These effects can all be explained by the

ﬂ:ictivation of i.r. inactive modes caused by the coordination of

5L‘MTBF to hexacarbonyl, The band around 2110 cm’l corresponds to

-1

i:tho Raman active A, mode of the hexacarbonyl (2114 cm ~ for

1g

fﬁ'Cr(CO)s in CHyCl, at room tomporaturo ) while the band around

-1

:i?OQO em™1 corresponds to the Bg mode (2017 cm ~ for Cr(CO)slno).

L Siqil;r,eftocta were observed for Mo(CO)6 in 4:1 mch:ip doped -
5? gith MTHP, but in that case the'lsco band at 1958 cm"1 is

'A r§§o1vod2at7rooh temperature.

| Th;‘freqnoncy of the centre of the 'T1 ' bgnd ohif;s on?v‘
'cooling (o g. Mo(CO)6 1980 to 1972 cm~ ) and the half width
'incroasoa to about 1.5 times its original value ulthough th;
'w;&?h;ofwfhbiband cloae to the’baso line does not 1ncp§aqe;-1§;a

 ithoA;nc;p10nt jplitting referred to above.‘The>diulppoi;adcerot<'



* Figure 3=7: €p(CO)g in MTHF |

(i)wroom’.
' temperature
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thfﬁ?OiO°§nf? shoulder and the failurefof.thp Ai 13CO band

araﬁndilsssvcmfl‘to roaolvo at low tomporatﬁre aoom.unuoaal‘atf:

\?i}ot-oight;tnbﬁevor, thoso effects can bo oxplainod 1t tho 2010

o1 T

:, lhouldor is due to Ho(CO) ( CO) - Bpr oboprvodjgnLA;Oquo 7ﬁ'

of'Ho(CO) (1300) at 2012 cm -1 in hoxane%

:1 ir thoro‘iea
coordination ot MTHF to hexacarbonyl in one apeciflc aito.:iwo;f OOC
typoa ot u(cO) (1300)(MTHF) if the MTHF is bondod to tho motal or

noro than one CO group,or throe typoa if MTHPF is attached to a.

(‘oinglo CO are poasiblo. The offoct of the preaonco ot théoo tHOgr'

-o;vthrOc cloioly related opecioo would be to broaden of aplit_fO
»fth; M(CO) ( CO) bando; and this is probably uhat ﬁccurs.OIqbdoﬁoq O
vfhgérocarbog/thg Ho(CO)s( CO) band at 1957 cm:l 1§ §harp‘§§dk'
;gégiﬁodOgt;goom temperature, but ;ppoars 6hly as a broadfé?

1w band of Mo(CO)6 at 77K The SM-C-O rogion of

ihouldorﬂoh tho‘T
tho opectrum was not 1nveatigated ‘but it seems likoly thnt tho -
o-typofofipro-photolyais coordination of,MTHF to a,oaturatoqu;,

rbonyl nhich took place in tho Fo(CO)5 case 1s also taking ;GQO.

placo horo.f”'v

Qoxpoctod photolyaia in MTHF or MTHF dopod hydrocarbon 1.

nueh;f;gfor than photolyoia in pﬁré hyﬁrocarbon 81‘,.‘ pri'.r,@
PhOtOiIG;CHiO‘PGPO MTHF glaas gave thouexpected three bando o?
,9no§ub§§ituted hoxacarboqyl. TableLs-p ghQW‘ 1'5;;23;;if g‘
vggfdéééﬁciea?éor”the M(CO)O(MTHF) Qpecies obsérY’d;t?ﬁ;”?
G]Baruode uhichkis expected to bo weakly i.r. 'activ§ §ihc?’l£ﬁigﬁ;Cihu
. Sa R

oboorvod 1n V(co)s(urnp) is predicted at 1985 om” -1 1n thO,wM-e“




‘1Thb10 37: Observed erequencies of M(CO)g_ _(urap)

mglal. at 77[.

Cr

. ' 'f:-v2112(a)
- 2017 (m)
 1970(vs)

‘ ?f 2078 (w)

1983 (w)

. 1933(vs)

1881‘9)

2016(m)

 1870(sh)
 1835(s)
 ‘i 1917(m)

°’ '1754(vs)_

Mo

2110(q)7

2020(m)
1972 (vs)
2078 (w)

1985(w)

1936(vs).
1882(§)Af
léoxs(mj‘
 1884(vs)
1868(a)lv
iszs(s)‘

1913 (m)

1767(vs)

r——

0ra)
F
;1924(&3) ’5 '
1878(s)
9615(mi‘ :

:1871(vs)

1861(sh)

11820(9) o

~ 1905(m)

_* aluays masked by‘cf(CO)s(ﬁInP) ;ow¢ggeqqeppyﬂgl”bgﬁd s

in MTHF .

1758(vs) ‘;7,*¥'
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l}:caee_og Cr(CO)é(MTHP) using Cotton-Kraihanzel force conafuntee}fc

:Hend is observed at 1983 cm'lr B2 bands are also observed cleee to

vf’fhe prediefed frequencies in the other two cases (see tablee3-a)."

Tlejthe ﬂo eee W cases M(CO), (MTHE) could be generated witheut
filneh eecondery photolyeie and u.v./visible spectra have been

ffrecorded (by u J. Boylan) However. in the Cr case under the eeme

“cigepaiation;conaitiona (30 min. at 77K with a WG 3os‘r11ter)

a'eecondary and tertiary photolysis was occurring to a eoneiderable

i.oxtont. Like Pe(CO) (MTHF), M(CO)(MTHF) compounds all pereieted :
,r9’ﬂﬁb¢“t 1h.[in eeeled cells with CO present at room temperature.
,:Hoiever; attempte to isolate Mo(CO) (MTHF) solid uere uneucceeetui

Copde

ere thie compound seems to disproportionate to Mo(CO)6 and uo

netel 1n concentreted solution even at 1958K. Fe(CO)4(THF) probebly :

vaDOHO a einilar inetability in the absence of CO aince Cotton

ffand Troup’o round that epectra of Peg(CO)ngHF mixtures were

J extremeiy conpliceted if CO atmoepheree ‘were not ueed»._-”~ jf 
Further photolyeie uith both unfiltered and WG 305 filtered
Iight.led to production of at leaet two more epeciee. The firet
fOt‘theee.inoet likely M(CO) (MTHP)Q. ehowed four i.r. bands withj
an: inteneity pattern eimilar to that expected for a cie‘”" "

dieubetituted hexecarbonyl uith the B,

1 and A (medinm frequency)

bande overlepping. Unfortunately theee bende eleo overlap with




7‘b a corrolatiou diagram (fig. 3~ 8) The next formed opecieo hao

‘-two bnnds tho oh.rpor at higher rrequency. typical of a Cs

tricarbonyl and is most likely M(CO) (MT“F)S lnalogoug to the e

;ﬁu(c0) (diglyno) complexes propoaod as intermodiate. An thermal

lubntitutiono of hoxaearbonylo in diglyme at around 1500.722 M}

122

Ho(CO)a(diglymo) is an isolable complex , but Mo(CO) (MTHF)8

nao quickly roconvorted to uo(CO) (MTHF) and Mo(CO)6 on allowing‘
tho 31aoo to warm up. However, &(CO) (MTHF)3 compounds in tho§” 
»fgi.;g uoro,all very photostable and noither photorevoroal nor "

r.féner photolyaia producto were obsorvod. ‘The rrequencios oé tho

b.nd- of u(00)4(u1-up)2 and u(c0) (mrup)s are givon in tahlo 3-7-?;~;7

‘éFig. 3-8 is a correlation diagram ror the oyatom Mo(CO)6 n O

(ITHP) . As 1n the Fe(CO)5 (MTBF) diagram itxdoes not show tho{ir-.

‘ noar linear correlation Eound by Bigornes2 for No(CO)G_'nLn whorof

fatniora phosphino or phosphite, but a oimilar type ofrpattorn'to
corrolation diagrams for hard base substituted derivativoa e.g

Io(CO)G (PhCN) 13340 interesting Peature of this diagr.m ) tho

¥y
J

alnoot linoar correlation of the low trequoucy A1 mode of L

fuo(CO) (MTHP) with the B, mode of uo(CO) (u'rup)2 and the B nodo

2

jof !o(CO) (MTHF)s. This may well be fortuitous, but theae modes

3011 1nvolvo otretching of CO groups trans to MTHF

~{In hydrocarbon glaas 1M in MTHF there is also considerablo.f;fﬂﬂ-

*ortocto on tho opectrum provioualy doscribod it was aloo pooslblo

‘to}iooloto nnch bighor concentrationo or Mo(CO)6 (up to'vaIO l)




' Pigure 3-8:

éla@s»_ at 77K,




O

’Vjuhon HTHF‘ﬁiomoreaent prosumably becauae (MTHP)Mo(CO)6 i- foruod fﬁ

%;botore Mo(CO)6 cryotalliaation takeo placo. Photolysio at 77K 1?3”‘

f{uith unfiltored light or a Co /Ni tilter led to P’°d“ction Ot =

| '11 Ho(CO)G n("THF) (0-1.9.3)‘°Pccios withfbnnda which,woro“iiﬁo”o;

T;oharpor but 1n aimilar positione to thoae oboerved in pure MTHF.

‘;'and four now bands at 2095(w). 1961(9), 1913(m), and 1859(u)
 ;1hoso banda all disappear if the aample 13 allowed to stand in

_??thogi;r.'apectrometer beam and‘at the same timo a shoulder,at“

f

,o51875fom;1 on a band due to the low frequency Al

band of Mo(CO)s(MTHP]

and al) bands of Mo(CO) (MTHF)2 gains

%@‘ovorlapping uith the B, 1

dv"

Iofintonoity and reaolves. Thoao effocte are due to photolyaio in ;l’v

lotho apoctrometeo beam and can be stopped by placing a KRS 5
(TI;BrI) tiltor. whicp abaorbs most of the visxble iight in. the 3f{ ‘
boamvbetﬁoon tho source and the sample. KRS 5. houever. rotloct;
iahootoészlofvthe’inoident'i.r,. and 8o apectra obtoined‘osiog f ”'
Etoio filtor were of very poor quality (similar to thosevoeoordoo ff;
o uoin; a gormaoium filter in an effort to seeFe(CO); p 39 ): Ao.f?-“

this photolysie takes place 111 tho banda due to Mo(CO)6 (MTHF)

grow olightly, so presumably tho speciee reaponsible for tho new

" ba de aro being converted to MTHF comploxea and undergoing

fotorevoraal to Mo(CO)G. and photolysia or the MTHF complexea

is ’1‘°Nt3kin8 placa alowly 1n the beam. o
.threo banda at 2095 1961 and 1913 cm =1 rorm a‘oaftérqifﬁi

thros bands of Mo(CO)5 in 4 1 mch ip (2093(u '

similar. to tho

n 1922(m) cm 1

,;Thiq togethcr uith the photoro



oost 000%

00te

008T 000  00%Z 08T 000  00%Z

.m)

-V+.m

J93TTFI S£€E€ OM UOTIBTPEBJIJT
‘UTW ¢§ Jayjlaey e aazje (9)

el

\—

Wb+, S

wesq Jaajawoaldads
*J°F UT ‘uTw gT
ad933e a1dwes awes (q)

— T 7 T 7 1
.OHQ
. Ammazvmnoovoz-.m

sV+ S
(suexte)Z(0D)ox=g

00
WP S

3931%3 TN/, .00

UOt3eIpRIJIT
‘utw gg J831je (e)

d44 3 JHLIN UT WY dF:ydw T:p UT POIBTPEJIJIY 0AOUVOE 16-¢ oandgg



C02+/N12+ solution filter shows a very weak band at 2085 em™1
which also disappears on photolysis in the spectrometer beam and
is probably the highest frequency band of Mo(CO)4....MTHF (or
Mo(CO)4(alkane)2(MTHF) ).

Irradiation of a sample of Mo(CO)G in an MTHF/4:1 mch:ip
glass which had first been photolysed with Co2+/N12+ filtered
light and then in the spectrometer beam (see fig. 3-9(a)) with
WG 335 filtefed light led to an incréase in the bands due to
Mo(CO)G(MTHF) and Mo(CO)s(alkane)(MTHF) and the band at 1875 cm'l
which appeared as a weak shoulder during photolysis in the

spectrometer beam (fig., 3-9(c)), while the band at 1917 cm‘1 due

to Mo(CO)g(MTHF)3 becomes more clearly separated from the 1937 cm'l
band of Mo(CO)s(MTHF). However, no decrease in Mo(CO)s(MTHF)

bands could be detected — only the band at 2088 cm"1 could
provide a reliable guide to the concentration of Mo(CO)s(MTHF)

in these spectra since the E band at 1937 em™1 1§ 80 intense that

small changes in concentration will not affect it much and the low

frequency A, band overlaps with two bands of cis~Mo(CO)4(MTHF)2.

1
Direct photoreversal of Mo(C0)5(MTHF) to Mo(CO), (MTHF) is unlikely,

and there does not seem to be enough 'Mo(CO)4' present to account
for the increase in Mo(CO)G(MTHF) and Mo(CO)s(alkane)(MTHF).
MO(CO)4(MTHE)(a1kane), however, could well bf present, having
been produced by photolysis of Mo(CO)S(MTHF) or replacement of
MTHF in Mo(C0)4(a1kane)2 in the spectrometer beam, By

alkane by

i ill be discussed in a later
analogy with Mo(C0)4(BR3), which wil
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chapter, Mo (CO), (MTHF) (alkane) is expected to be predominantly

cis with four i.r. bands, one around 2020 cm"'1

and three in the
‘range 1930 to 1870 em~l, It is therefore possible that this species
may be present and that all its bands are masked by Mo(CO)s(MTHF)

and Mo(CO)4(MTHF). except perhaps a band around 1920 ¢:m"1

(see
‘fig.‘3-9(a) and (b)). A photoreversal process involving loss of
MTHF from Mo(CO), (MTHF)(alkane) could lead to regeneration of
Mo(CO)s(alkane) and hencé Mo(CO)G. |
The band at 1875 cm~1 is around the frequency expected for

trans Mo(C0)4(MTHF)2 which could possibly be formed by long
wavelength photolysis of Mo(CO)s(MTHF) if the CO trans to MTHF
is preferentially lost, or by photorearrangement of cis-l\&o(CO)4
(MTHF)2 involving Mo-C or Mo-O bond breaking and remaking.

| The photolysis of Mo(CO). in MTHF/hydrocarbon mixtures is
extremely complicated, but it would seem from the above evidence
that alkane competes with MTHF for CO deficient fragments at
every stage and that at least one photoreversal step involving
loss of MTHF is involved. The reactions described above are
summarised in the following scheme:

Mo (CO). - .MTHF

=
'MTHF...MO(CO)S(alkane)-—____ﬁ__;

Z

MTHF.,,Mo(caijZIkane)z;:féMo(CO)4(MTHF)(alkane) ——>Mo(CO)4(MTHF)9q

Mo (CO) g (MTHF)

> MTHF
MTHF.,.Mo(CO)s(alkane)s~‘ Mo (CO) 5 (MTHF) 4

Many more experiments including photolysis in hydrocarbon/MTHF

mixtures of varying compositions and photolysis of Mo(CO)S(MTHF)
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in the absence of CO and excess MTHF are necessary before the
system can be fully understood. Photolysis of pure Mo(CO)s(MTHF)
will be very difficult since the compound disproportionates
easily to Mo(CO),,Mo,CO, and MTHF at 0°C. Since substitution of
up to three carbonyls with MTHF was observed, there must be
association of more than one MTHF molecule with at least some of
the Mo(CO)6 molecules in the glass. However, it seems that one
MTHF is coordinated more closely thaﬁ the others. The band of
MTHF between 1700 and 1750 cm™* splits in hydrocarbon glass, but
remains unchanged during photolysis, which probably indicates
that MTHF forms aggregates in the glass. The above results contrasfi
with the Fe(CO)5 case where Fe(CO)4(a1kane) was only observed in
glasses containing much less (~10—1M) MTHF, and so are consistent
‘with the view that M(CO)5 fragments (M=Cr,Mo,W) are more reactive
than Fe(CO)490 since Mo(CO)5 reacts with alkane even in the
presence of a large excess of MTHF, They also support the idea | L
that photoreversal is in fact an electronic process since
’photoreversal steps involve loss of alkane or possibly MTHF as’

well as recombination with CO.

Photolysis in the Presence of Other Potential Ligands

Hexacarbonyls were photolysed in hydrocarbon glass at 77K

and in solution at 195K amd room temperature in the presence of

a number of potential ligands, both basic and non-basic. These

reactions were all carried out in situ in sealed i.r. cells, and

i losely as the reaction
only in a few cases were they studied as ¢ y
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with MTHF,

(A) Basic Ligands

The selection of ligands used here include acetone,

‘acetaldehyde, cyclohexanone, n-pentanol, THF, NEt PBt3, PPhs,

3{
P(i—Csﬂ7)3. P(C6H11)3’ and P(OMe)s.althOUsﬁrthe phosphines and
P(OMe)3 have some 1 acceptor properties as well as behaving as

e donors. The ligands will be Purther divided into sub-sections;
(i) Ketones: The most thoroughly studied reaction of a ketonic
ligand was that of Mo(CO)6 with acetone, in which irradiations of
Mo(CO)6 in the presence of an excess of acetone (concentrations
‘unknown) were carried out at 77K, 195K, and room temperature.

Cooling Mo(CO)slacetone solutions in 4:1 mch:ip to 77K resulted

in slight activation of the Mo(CO)g E_ mode (3023 em™ 1), but no

change in the 13¢o band except the shift from 1958 to 1953 cm°1,°

which is apparent even in pure hydrocarbon. Photolysis was at a
similar rate (at least with pyrex filtered light) to that

observed in pure hydrocarbon and the principal product was
: : -1
MO(CO)S(alkane), although a weak fairly broad band at 1937 cm

was observed in the early stages of photolysis, This band did

not grow much during photolysis and was obscured by Mo(CO)4 in

the later stages. All these observations are consistent with a

o
few of the Mo(co)6 molecules being coordinateq to acetone before

photolysis and the new band being Mo(CO)S(acetone). During warm

‘ -1 d 150K and
up a very broad band around 2010 cm appeared aroun

had disappeared again by 195K, but three bands at 2080, 1940, and
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1

1902 cm™ ~ which appeared at about the same temperature peraisted’

until around 225K, but had disappeared by room temperature when
almost all the hexacarbonyl had been regenerated. The three more
persistent bands are very similar to the bands of (I) observed
in the absence of acetone and are probably due to Mo(CO)s(HQO)
or possibly Mo(CO)s(acetone) and the broad band at 2010 cm’l is
probably due to solid hexacarbonyl. Irradiation of a similar
solution at 195K with pyrex filtered light led to the formation

of three bands similar to (I) together with three new bands at

1

2015, 1873, and 1827 cm ~, On fast warm up to room temperature

{in <5 min.) most of the hexacarbonyl was régenerated, but a
band at about 1940 cm"1 persisted for about 30 min. Irradiation
in hydrocarbon solution at room temperature showed no change in

the Mo(CO)6 band, but irradiation in pure acetone produced bands

-1
at 2080(vw), 2065(w), 1942(sh), 1923(s), and 1854(m) cm ~, A

111
literature report of W(CO)S(acetone) in acetone solution ,

-1 -1
describes bands at 2067 (w), 1920(s). and 1847 (m) cm =, 1847 cm

seems an extremely low frequency for a band of a monosubstituted

hexacarbonyl and this band is possibly due to cis-W(CO) (acetone),

' -1
the other bands of which could contribute to the 1920 cm

.

band and be masked by the hexacarbonyl band since bands in pure

acetone are very broad. 1920 cm'1 is also very low for the E band

‘ i i site of the
of W(CO)s(acetone) and this band is possibly a compo

and the two medium
low frequency A, band of W(CO)g(acetone)

ibly the E_ band
frequency bands of cis-W(CO) (acetone), and possibly u
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of trans-H(CO)4(acetone)2. Spectra of acetone complexes in
acetone solution are thus rather confused and unhelpful in
assigning spectra in acetone/hydrocarbon mixtures. Mo(CO)s(acetoné)
has proBably a CO stretching spectrum similar to Mo(CO)s(ﬁQO)
with broadening of the bands due to mixing with the acetone
C=0 stretch at 1720 cm-l. Incidentally no change in'this band was’
observed during irradiation, possibly because a large excess of
acetone was used. The band which persists for about 30 min. at
room temperature at 1940 cm"1 is probably the E band of
Mo(CO)s(acetone). An explanation for the spectra observed on
irradiation at 195K is that both Mo(CO)s(acetwne) and Mo(CO)S(HQO)
;re produced and the Mo(CO)s(acetone) which is the majbr product ;
photolyses farther to give cis-Mo(CO)4(acetone)2 and
MO(CO)s(acetone)3 which are re'ponsigle for the bands at 2015,
1873, Qnd 1823 cm'l, the other bands being masked by Mo(CO).(Hy0)
: or Mo(CO)s(acetone). Mo(CO)S(HQO) does not normally form at 195K,
on irradiation with pyrex filtered light, but acetone has a
,gtrong absorption in the near u.v. at 276vnm which means that
with the concentrations of acetone used acetone was acting as an
internal filter cutting out most radiation A<320 nm, and

MO(CO)S(HQO)‘is stable to irradiation at wavelengths longer than

this,

It has been shown in room temperature flash photolysis studies

| donor ligands
that Cr(CO)5 in cyclohexane reacts faster with T g

than with pure a'donor312§ Acetone could well function as a T



-83~
donor by 'sideways' bonding, but such w complexes would be
expected to rearrange to less crowded o bonded structures; so it
is probably the case that Mo(CO)s(acetone) forms in preference
to Mo(CO)S(H2O). However, since the spectra of the two species
are probably very similar it is impossible to say tﬁat both are
not formed, Visible spectra were not examined. Similar results at
195K were obtained for the Mo(CO)G/acetaldehyde and N(CO)S/

cyclohexanone systems,

(ii) n-Pentanol: Irradiation of W(CO)6 in the presence of excess
n-pentanol in isopentane at room temperature with pyrex filtered
light produced three new bands at 2075(vw),1930(m), and 1903 (w)
which are probably the bands of W(CO)S(pentanol). On prolonged

~irradiation (>3h) in a sealed cell a steady state concentration

of this species was attained.
(1ii) Ethers: Mo(CO)6 was irradiated at 195K in the presence of
0.1M THF and in the presence of excess 1,2-dimethoxyethane’(glymo).'

'in 4:1 mch:ip using WG 335 filtered light. In the THF case,

-2
where the starting concentration of Mo(CO)6 was around 10 "M,

. v .
the product had three i.r. bands at 2075, 1940, and 1909 cm .

These are more similar in position and form to Mo(CO)s(HQO) than -

Mo(CO)s(MTHF). On freezing to 77K the bands show the expected

_ : -1 ‘
broadening for Mo(CO)s(HQO) bands, but the 1909 cm band.ahifta4

| to around 1870 cm'l (about 20 cm"1 lower than the corresponding

i | ‘ Mo(CO), band
band of “°(C°)5("9°’ in the absence of THF). The Mo(CO),

13130 shifts from 1983 to 1980 cm'1 and becomes broader on fréezing.f'
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On warm up to room temperature almost all the Mo(CO)6 is
regenerated. These observations are all consistent with the
formation of Mo(CO)s(H2O) on photolysis rather than Mo(CO)S(THF).
The spectrum of Mo(CO)6 before photolysis shows no sign of THF

...Mo(CO)6 association, and presumably Mo(CO)6 on photolysis at

195K forms Mo(CO)s(alkane) which is then converted to Mo(CO)S(HQO)

by thermal reaction, On freezing to 77K, the Mo(CO)s(HQO)
associates with THF, causing the shift in the low frequency A1
band and Mo(CO)s...THF associates are also formed,

In the glyme case,after photolysis,only two bands at 1932
and 1891 cm"1 were obaerved. On cooling to 77K these bands
showed the expected broadening and the lower frequency band
shifted to 1870 cm~ Y. Irradiation with unfiltered light led to
complete disappearance of all carbonyl bands except trapped CO
at 2136 cm_l. This again is consistent with the formation of
Mo(CO)s(HQO) initially and subsequent association of this with
glymo. The extremely fast photolysis at 77K is probably due

initially to the replacement of two CO groups by glyme.

(iv) Triethylamine: Irradiation of Cr(CO)6 and excess NBt3 in
4:1 mch:ip at 195K using WG 335 filtered light produced a single,

-1 .
broad, irregularly shaped band at 1931 cm which on prolonged

-1
photolysis developed a shoulder at 1910 cm ~. Very little can be

deduced from this, but as the band did not grow as the Cr(CO)6

. decreased possibly an insoluble product was being formed e.g.

(Cr(CO)S(OH))(HNBts)’ However, attempts to repeat this reaction
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on a preparative scale and isolate the product resulted only
in the isolation of impure Cr(CO)s(NEts).

(v) Small Phosphines: Triethyiphosphine and triphenylphosphine

are included in this category because they react quite differently
from the bulkier phosphines described in section (vi). Irradiation
of Cr(CO)6 with WG 335 filtered light in the presence of
triphenylphosphine at 195K results in the formation of an

insoluble product, probably Cr(CO)S(fPhs). However, Mo(CO)6
irradiated under the same conditions produces mainly Mo(CO)s(PPhs)
which remains in solution together with some trans-Mo(C0)4(PPh3)§
which precipitates. Irradiation of Cr(CO)6 in the presence of

excess PBt3 under similar conditions resulted in the formation ,
of a mixture of Cr(CO)s(PEta) and the cis and trans disubstituted P
compounds.

(vi) Hindered Phosphines: Triisopropylphosphine (Tip) and

tricyclohexylphosphine (Tcp) behave differently from those
described in section (v), presumably because of their larger
size. Experiments were conducted irradiating Cr(CO)6 and Mo(CO)s

‘in hydrocarbon and CH2C12 in the presence of Tip and Tcp at 77K,

195K. and room temperature. In cases where a large excess of

phosphine was used the main products, except in the 77K reactions,

‘were M(Co)s-n(PRs)n (n=1,2) compounds, but in cases where

vconcentrations of phosphine were of the same order of magnitude

as the starting concentrations of hexacarbonyl a species with

ormed. Typical frequencies were

three bands similar to (I) wis f
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Ce(CO)5/Tip: 2070(vw), 1932(s), and 1892(m):at room temperature
in 4:1‘mmh:ip; Cr(CO) /Tep: 2075(vw), 1929(a), and 1891(m) at
room temperature in‘n-heptane; Although these bands are fairly
close to bands of M(CO)S(PRS) and M(CO)4(983)2 (e.g. Mo(cﬁjsﬁrip)
in 4:1 mch:ip — A, 2065(m), A,+B 1930(ve); trama—Mo(CO}i(Tipig
— E, 1873 cm-li. they can be distinguished from these bands
and im some spectra both the phosphine substituted species and
the new bands can be observed, Thare'are two likely possibilities
for the identity of the new species (II): (i) a modified form of
M@@@wgﬁﬂg@} and (ii) a phosphine oxide complex with the phosphin§
oxide bonded to the metal through oxygen., Both phoaphines are
air sensitive, but Tip is expected to oxidise faster since it
iz a liquid. Species (II) formed even when Tip redistilled in
vacuo and hydrocarbon solvent which had been rigorously degassoed
by Pour freeze-pump-~-thaw cycles were used and the solution was
prepared and transferred to a sealed cell in a glove box with a
dry M@ atmosphere, and so the possibility of a phosphine oxide
complex is unlikely. The main difference between (II) and (I)
is the pelative stability of (II) at rooﬁ temperature, although
attempts to comcentrate solutions which presumably contained (II)
resulted inm the production of M(CO), and its mono and
digubstituted phosphine derivatives when CO was pumped off from
the solwtion., Attempts to observe the M oam.r. spectrum of (II).
were ales uasuccessful, @ﬁ@&ﬁ&ﬁy'htcause it could only be

sration (~107°M)
gensrated im very low concestration (~ ’
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It is not surprising that the preseace of a basic phosphihe
should stabilise M(CO)S(HQO) since association of the phosphine
with H20 will make thermal displacement of the 320.0r in this
case the HQO...PR3 unit, which is the most likely first step
in an S: type mechanism for regeneration of M(CO)é. more difficult
and it will hinder pgssible hydrogen bonding of the coordinated
water to free CO which could well be the first step in an Sa2
type substitution process.

The reaction of Cr(CO)6 in the presence of Tip was the most
thoroughly studied of the above reactions and will be discussed
in detail, Species (II) could be produced in this caae.either |
during warm up of glass containing Cr(CO-)5 and Tip or by
irradiation of solutions containing Cr.(CO)6 and Tip at room
temperature or 195K. At 77K the spectrum of Cr(CO) showed some
interaction with Tip -~-- activation of the Bg mode and
broadening of the 13CO band together with the incipient sp;itting |
of the T, band which shifted to 1980 from 1983 cm ' at room
temperature. However, these effects were not as pronounced as
in the MTHF case. Irradiation at 77K with-a WG 305 filter
.produced Cr(CO)g with an i.r. spectrum identical to that observgd‘fi

in the absence of phosphine, although visible spectra were not

.g,mined Past warm up to 195K produced the bands of (II) toget?erf

with a weak band at 1910 cm—1 and a shoulder on the high frequency .

side of the 1932 cm~l band which could be due to free Cr(CO)g(H,0).

On warm up to room temperature these bands disappeared leaving
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only (II). Refreezing to 77K resulted in the bands of (II)
collapsing to a broad hump in the 1950-1910 em 1 region,
Even at 195K the Cr(CO)6 spectrum shows interaction with
phosphine --- activation of the Bg mode and the appearance of

a shoulder on the low frequency side of the T band and slight

iu
broadening of the 1300 band. This probably indicates that the
same type of interaction as occurs at 77K is occurring, but that
not all the Cr(CO)6 molecules are in?olved. This was observed
with concentrations of Cr(C0), 1072M and Tip 5x10™2M. Irradiation
with WG 335 filtered light produced (II) which persisted until
room temperature and then was gradually reconverted to Cr(CO)6
thermally over a period of 2h., Irradiation at room temperature

in n-heptane produced mainly Cr(CO)S(Tip) and trans-Cr(CO)4(Tip)2.
The Bu band of the trans disubstituted compound produced in

-1
this way is split into two components at 1880 and 1870 cm .

However, irradiation of Mo(CO)6 and Tcp at room temperature
usually produced a species (Il). The bands of the spectrum of
Cr(CO)s(Tip) in methylene chloride were very broad and it was

impossible to tell whether (I1) was produced in that solvent or

not,

was irradiated at room temperature

(vii) Phosphites: Cr(CO)g

i
and at 195K in the presence of P(OPr”).. However, both Cr(CO)g

5 tion at
and Mo(C0)6 in the presence of P(OMe)3 came out of solu )

195K and only irradiation at room temperature was possible.‘

| The result of this irradiation of Mo(CO)s and P(0M0)3 in 4:1

/

s
s
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mch:ip with unfiltered light was the production of mainly
Mo(CO)S(PQOMo)a) together with a small amount of trans-Mo(CO),
(P(OMe)y),. Irradiation of Cr(CO), with P(ow‘i)5 at both room
temperature and 195K produced a similar mixture of mono and
disubstituted hexacarbonyl with very little if any Cr(CO)s(HQO).

The experiments described in sections (1)~(vii) above were
carried out incidentally to the main work involved in this study
and by no means constitute a systematic examination of hexacarbonyl -
phosolysis reactions in the presence of Lewis base ligands. f
However, a few points of general interest are apparent from the
above results, Consistent with Kelly's finding3125 acetone reacts
faster than water which in turn reacts faster than THF with
Mo(CO)5 in hydrocarbon at 195K, yet photolysis of Mo(CO)6 in Y.
the presence of MTHF at 77K led to predominantly Mo(CO)S_n(MTﬂF)u;
80 to produce a hexacarbonyl derivative by a low temperature
photochemical reaction it would probably be better to irrqdiate
in a glass at 77K for a simple o donor, but better to irradiate
in solution at 195K for a ligand with a w system {(e.g. a ketone).
However, other factors may also operate Qs in the case of Tip
and the use of glass media on a preparative scale is

and Tep,

difficult requiring long irradiation times and very fast warm up

to obtain metastable products. It should also be noted that CO g

was not allowed to escape in any of the above reactions, but CO

the
reacted more slowly with M(CO) (alkane) than all the other

ligands described.
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(B) Non-basic Ligands

Apart from alkane which is always present, these include

HQ; CSz, COQ. 88. cyclooctene, and norbornadiene (NBD). The first

three members of the above list are not common ligands 4in
carbonyl complexes and are all relatively weakly bonded. S8

forms a more stable complex and probably functions as a normal

¢ donor ligand althoughlit is not normally considered basic. .

(1) Hydrogen: Photolysis in glasses made from 4:1 mch:ip aolutionsl

purged with H2 was originally carried out to try to determine
whether (I) was due to a complex of one of the atmospheric gases,
However, the effect of H2 on the reaction soon became apparent,

The solubility of H2 at py =latm., in n-hexane or n-heptane at
2

25°C is around 4.5x107°M 5? i.e. around half the normal starting

concentration of hexacarbonyl, and presumably its solubility in
4:1 mch:ip is similar. Since solutions were degassed by freeze-
pump-thaw cycles and then exposed to about latm. of H, at room
temperature, the conceﬁtration of H2 in the glass is probably
close to the above value.

Freezing of H2 saturated solut:ons of Cr(CO)6 or Mo(CO)6
showed the usual signs of pre-photolytic interaction: activation
of the E8 mode, which is split in this case, broadening of the
' Tlu band, and slight broadening of the 13CO bénd. Photolysis at
79K with WG 305 filtered light was slightly faster than photolysis

in the absence of Hg. but the products were similar. For example

in the Mo(CO), case the primary product showed bands at 2095(w),
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'1961(vs), and 1923(s) similar to Mo(CO)5 in the absence of Hz.
Some Mo(CO)4 was also observed. A weak band at 2000 cm—l was
observed and is possibly due to a polymeric speaies similar to
that responsible for the 1997 cm~ L band in pure 4:1 mch:ip. -
However, the intensity of this band did seem to depend oﬁ the
concentration of primary product, unlike the polymer bands

mentioned earlier, but it is important to note that the 2000.cm'1

band was always very weak and was close to a spectrometer grating

change, and so the apparent relation of its intensity to Mo(CO)s.

may be fortuitous., It is not due to an M-H stretch since it was

1

also observed in D2 saturated glass (at 1998 cm ). The'B2 mode

of Mo(CO)5 is predicted at 2010 cm'l from Cotton-Kraihanzel force B

constants, but the corresponding A' mode of eq. Mo(CO)4(1300) is
observed at 1994.,9 cm-l. and so it is possible that this is
responsible for the 2000 em™! band.

Irradiation with WG 335 filtered light of a sample with
both primary and secondary products present showed photoreversal

with Mo(CO)4 disappearing and Mo(CO)6 being regenerated, but

very little change in the Mo(CO)5 spectrum over 15 min. in coatrast

to the situation in the absence of H, where both unsaturated
species,in similar relative concentrations, reversed to give
Mo (CO) . Irradiation of Mo(CO), in an H, saturated glass with WG
| 335 filtered light led to slow production of the same primary

product as WG 305 irradiation. In some cases, where possibly

-1
"wet H. had been used, a shoulder at 1945 cm on the high

2
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frequency side of the 1937 cm~t

band of Mo(CO)4 and a weak band
at 1902 cm~1 were observed during photolysis with WG 305 and
photoreversal with GG 420 filtered light, Attempts to reproduce
these bands using dry H2 were unsuccessful and so possibly these
are the two lowest frequency bands of Mo(CO)s(HQO). On glass
softening the normal spectrum of Mo(CO)s(HQO) (see fig., 3-10)
together with a very broad band under the Mo(CO)6 Tiu band,
probably dué to solid hexacarbonyl, is produced very quickly
around 95K when some CO 1s still trapped in the glass. As warm
up continues the spectrum gradually changes until at 195K it is
similar to the Mo(CO)s(HQO) spectrum normally observed at that
temperature with some signs of splitting of the E band (1946,
1941 cm'l). Even when dry H, was used, Mo (CO). (H,0) and solid
hexacarbonyl formed very quickly on glass softening,

All these observations are consistent with Mo(CO)5 being
present in H2 saturated glass as Mo(CO)S...H2 rather than
Mo(CO)s...alkane. This would explain the very fast formation
of Mo(CO)s(HQO) and solid hexacarbonyl on glass softening 1f

H, were displaced from Mo(CO)s(HQ) much faster than alkane from

2
Mo(co)s(alkane). and this is quite likely on steric grounds.

The formation of Mo(CO)S(HZO) in the glass could be explained
if water associates with Mo(CO)....H, associates on freezing,
Using wet solid Mo(CO)6 for starting material does not result
in association or production of Mo(CO)s(H20) in the glass. The

identity af the 2000 gm'l band is still a myatary, though it ie



Figure 3-10: Mo(CO)g after irradiation in H, saturated 4:1 mch:ip

“at 77K.
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Figure 3-11: Mo(CO)S(CSQ) in 4:1 mch:ip at 77K.
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Figure 3-10: MO(CO)6 after irradiation in H2 saturated 4:1 mch:iﬁv
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possibly due to Mo(CO)4(;3CO)(H2).
/

(11) Carbon Disulphide: Interest in photolysi; of hexicarbouylo

in the ppesence of CS, was aroused because of the differences

between the preparation of CpMn(CO)Q(CS), which can be prepared

126
.

 frem CpMn(CO)z(olefin) in CSn golution 4fi the presence of PPh8

and M(CO);(CS), which is prepared from M,(CO)35 and c1,cs.1??

In the case of CpMn(CO)g(CS) the reaction is thought to proceed
through CpMn(CO), and CpMa(CO),(CS,) intermediatest?® but attempta
to prepare M(CO)S(CS) £rom M(CO)SL and ng (Lwolefin, THF) have

? Photolysis of hexacarbonyls in hydrocarbon'v

been unsuccessfu113
glass in the presence of 082 was carried out to see if any
M(CO)S(CSQ) complexes were formed. CS, has a moderately intense
absorption in the near u.v. at 318 nm and so acts to some extent
as an internal fPilter. However, the region of the spectrum
between 250 and 300 nm which includes the lowest energy charge
transfer band of M(CO)6 is fairly clear.

Freezing solutions of Mo(CO)6 and W(CO)6 in 4:1 mch:ip
around 0.75M in CS2 showed the usual signs of‘aaaociation of
ligand and hexacarbonyl. Irradiation at 77K with unfiltered light
led to the production of CO and a new species with at least four
i.r. bands (Mo: 2085(w), 2000(w), 1963(vs), and 1927(m); W:
2084 (w), 2073(vw), 1991 (w). 1951(vs), and‘1927(m)). The frequencies
of the two strongest bands in each case are v;ry close to those
observed for M(CO)5 in hydrocarbon glass, but the form of the

spectra is slightly different (fig. 3-11), The highest frequency
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band is more intense relative to the strongest band than the
corresponding band of M(CO)5 and a small shoulder which appears
on the high frequency side of this band (2090 em™t in the W
case) is probably due to some M(CO)5 which is not interacting
with CS,. The 2073 and 1991 em™! bands in the W case and the
2000 em™! band in the Mo case seem to be related to the other

bands and are probably bands of 13

CO substituted species (cf.
Mo(CO)g in CH,: 1994.9: W(CO), in CH,: 2083.5,1986.4 cm ! for
bands due to equatorially substituted M(CO)4(13C0)37); The
lowest frequency band is broader than the corresponding band in
the absence of CSQ. The most likely formulation for the new
species is M(CO) (CS,) with a similar structure to M(CO)  (alkane).
There is probably a stereospecific interaction of 082 with the
M(CO)5 vacant site since the relativé intensities of the bands
(especially the two A, bands) are different from those in
M(CO)S(alkane). In MTHF doped hydrocarbon, where MTHF is prbbably
interacting with Mo(CO)S(alkane) it is the A{i) band frequency

rather than the band intensities which is affected by the

presence of MTHF, The high frequency A, band of M(CO)gL can gain

' . (1)
intensity by the Aiz) mode mixing with the A1 mode or by the

_ 112
four equatorial CO groups deviating from planarity —.

These two
effects Qre of course linked since the amount of mixing depends

on electron drift during vibrations and the nature of the metal

to CO bonding (especially the w bonding) will depend on the

”~
distpribution of CO groups about the metal, i.e. the C-M-C angles,
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Since in the spectra observed the bands of M(CO)S(CSQ) are
-probably masking bands of M(CO)S(alkane), no attempt to measure
»ralative intensities accurately or calculate bond angles was
made. If © is the angle between axial and equatorial CO groups,
any deviation of © from 90° would be expected to produce iu
increase in intensity of the high frequency A1 band; so either‘
a large or small ligand L could be expected to cause a change in -

the relative intensities of the A, bands. However, values of ©

1
close to 90° have been calculated for Cr(CO)s(Ar) and Cr(CO)s(Ne);; 
where the ligand is very small and the high frequency A1 band

112

is very weak indeedgo. and for Mo(CO)S(P(OR)s) where the

ligand is much larger and the high frequency A1 bands are at
least as intense relative to the E band as that observed here.
Thero are probably other effects taking place e.g. direct
donation of electrons from ligand to cis CO groups96 which
éffect the relative intensities of bands, but M(CO)S(olefin)
complexes (e.g. W(CO)S(cycloocteno)) tend to have intemse high
frequency Al bands and a sideways bonded olefin is a relatively
large 1igand. The increased intensity otbthe high frequency A1
band probably meaﬁs that CS, is coordinated to the metal through

gsite,  but this increase in intensity does not

' . 126
show whether CS, is sideways bonded, as in CpMn(CO),(CS,)" ",

its 'vacant'

ob bonded through sulphur. Phosphine sulphide complexes have

bands in similar positions e.g. Cr(CO)g(SPPh;) 2063(m), 1947(')'v

and 1912(m)129 and so CS, could well be S bonded.
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Visible spectra were not recorded, but the glass

containing W(CO)S(CSQ) had a yellow colour rather than the
green colour characteristic of W(CO)S(alkane). No secondary
photolysis products were observed after 30 min, unfiltered
irradiation, by which time extensive secondary and tertiary
photolysis would have been observed in the absence of CS2
Photoreversal was not observed and irradiation of Mo(CO)6+CS2
with WG 305 filtered light, which is effectively irradiating
the Mo(CO)6 with light X>330 nm since CS2 absorbs most of the
light between 305 and 330 nm, led to the production of Mo(CO)s(CSQ?
; though less quickly. It is possible that photolysis in the
last case proceeded through absorption of light by the CS2 part
of a Mo(CO)G...C82 associate and transfer of energy to Mo(CO)G,
i.e. CS, acting as a photosensitiser., Secondary photolysis
probably proceeds through the lowest energy charge transfer
transition of M(CO)5 which in 4:1 mch:ip has maxima at 237 nm
in W(CO)5 and 245 nm in Mo(CO)g, but CS, absorbs moat of the
radiation below 240 nm and so it is not surprising that
secondary photolysis does not take place. Irradiation of Mo(CO)6

+CS, with 254 nm mouochromatzc light (i.e. irradiating in the

clear region of the CS, spectrum only) produced Mo(co)s(csz).

On warm up the bands of M(CO)S(CSQ) grédunlly decrease as

i he
rease, and by 175K the spectrum is ¢
bands of M(CO)s(HQO) inc

i . No other bands
same as that observed in the absence of CS2

were observed and there gseems to be a direct ligand exchange:
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M(CO)g(CS,)+H,0 — M(CO)S(H20)+CSQ. There is a possibility
that this exchange at 150K could be used to prepare M(CO)SL
compounds where L is other than H20. An experiment was tried
using Mo(CO)G. CSQ, and an excess of Tcp in 4:1 mch:ip, but the
product observed was Mo(CO)s(HQO)...Tcp, presumably because
Tcp reacts too slowly to prevent Mo(CO)s(HQO) forming. In the
thermal preparation of CpMn(CO)z(CS) 12? PPh3 removes S from
coordinated 082 in CpMn(CO)Q(CSQ). ﬁouever, the more easily
oxidisable Tcp does not function in this way here and this is
yet another example of hew the very different conditions used
in this work make relation of the results to room temﬁerature

preparative chemistry very difficult,

(iii) Carbon Dioxide: Since carbon disulphide was found to

react with M(CO), experimeats were carried out to see if CO,

would form complexes under the same conditions. However, spectéaxjd
of Mo(CO)6 and Cr(CO)g in co, saturated 4:1 mch:ip showed very
little sign of association on cooling and photolysis at 77K
produced the same products as observed in the absence of coa.

On warm up only solid hexacarbonyl and M(CO)S(HQO) could be “;; f%
identified and by room temperature starting material was almost"4 

completely regenerated. It should be noted, however, that the

tainly be very low.
concentration of CO, in the glass would certainly y

ined some evidence for reaction of -
(1v) Sulphur: M.J. Boylan obtaine e

in hydrocarbon45 and so in this

elemental sulphur with W(CO)g

d in the presence of S_,.
Wwork Mo(CO)6 and Cr(CO)6 were photolysed in P ‘ 8
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Like CSQ' 88 in hydrocarbon absorbs in the near u.v., but since’
a saturated solution of S8 in hydrocarbon is only about 10-3M
at room temperature, the percentage of light absorbed by the
) sulphur is small compared to the percentage absorbed by M(CO)G.
" and so photoreactions of 58 or filtering by 88 are unlikely
under the conditions used.

As with other n dohors association of M(CO)6 and Sa waé
observed on cooling, Photolysis at 77K with NG 305 filtered
- light gave M(CO)5 and some M(CO)4 identical to that-producod
in the absence of 88. On warm up a very broad spectrum with
'humps' at 1970,:1950, and 1880 cm"1 was obtained arodnd 103K,
but by around 230K this spectrum had resolved into bands due
to M(CO), and M(CO) (H)0) and three new bands at 2085(m), 1966(s),
and 1952 (m) cm’l; These bands, which are most likely due to
Mo(CO)s(SB),grew as the bands of M(CO)S(HQO) diminished.
‘reaching a maximum around 240K, Between 240K and room temperature
the ihtensity of the new bands gradually decreased, but
regeneration of M(CO)6 was by no means complete and specks of
brown solid were observed in the sample.cell at room temperature.
This is in contraét to W(CO) (Sg) which persisted for some time
at room temperature4§

This type of complexation may well havg & use as a mild

i he reaction for
method of activating Sg, but scaling up the

preparative purposes will certainly be difficult because of

i
bon, - ; 7”.J
the low solubility of both M(CO)6 and 88 in hydrocar » .
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Irradiation at 195K with WG 335 filtered light results in
formation of M(CO)S(H2O). Because of the difficulty in scaling
up the reaction the brown solid mentioned above was not
identified and no chemical tests to establish the form of the
sulphur in the complex were carried out.

Assuming the compound responsible for the new bands is
in fact M(CO)S(SS)' thevfrequencies observed are higher thanr

those expected from comparison with other S donor complexes,

130 6

ps? 131

9 . The band positions

9
e.g. R;PS, HR, SBt and (CH,),S

and the sharpness of the two lowest frequency bands are similar
132
to M(CO)S(acotylene) spectra , and it could well be that 88

is bonding to the metal utilising i orbitals like an olefin or

acetylene.

(v) Olefins: Cr(CO)6 was photolysed'at 77K in the presence of
norbornadiene (NBD) and W(CO)6 was photolysed under similar
conditioné in the presence of cyclooctene. In both cases theée
were signs of considerable interaction of hexacarboanyl and

olefin before photolysis. In the W(CO)g/cyclooctene case a

large excess of cyclooctene was used and the products on

irradiating at 77K were W(CO)g, W(CO)5(08H14), and cis-W(CO)4

(C_H, ) On warm up to 195K the main species remaining was
8°14°2°

w(C0)5(08H14) which showed thre

to the A(Q),A(l) and E modes

and 1942 (vs). These are assigned 1 1

respectively, and the reversal of the usual ordering in the

frequencies of the A1

e i.r. bands at 2090(m), 1957(s),

(1) and E modes is typical of M(CO)_(olefin)
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132
- Two bands at 2035 and 1890 cm~lwhich persist at

complexes
195K are assigned to ¢18-W(CO),(CgH, ,),, the other two bands
of which are probably masked by the bands of the monosubstituted
compound. The trans disubstituted compound may also be present
since it will almost certainly have one i.r. band around 1950 cm"1
133 which would also be masked. A band at 1910 cm~ 1 present
at 195K is probably due to W(CO)S(HQO). Warm up to room
temperature resulted in some regene;ation of hexacarbonyl, but
W(CO)5(08H14) still persisted,
Ct-(CO)6 was photolysed in the presence of norbornadiene
to try to identify some of the compounds formed in the photolyai§
of the hydrogenation catalyst Cr(CO)4(NBD) which will be
discussed more extensively in the next chapter. When a solution
of Cr(CO)g (107M) and NBD (0.25M) in 4:1 mch:ip was frozen to
77K, the usual signs of association were observed, Photolysis
with WG 305 filtered light led to production of Cr(CO)5 mostly,
but a band at 1905 and a shoulder on the Cr(CO)5 Al band at
1940 cm™1 which are probably due to Cr(CO),(NBD), and a broad f‘f

feature around 3040 cm—1 were also observed., Warm up to 93K

followed by refreezing produced a spectrum with a weak band

1

1 a broad irregularly shaped band at 1950 cm

around 2075 cm ~ and

(fig., 3-12) together with the Cr(CO)6 and Cr(CO)4(NBD) bands,

| tion of Cr(CO), at this stage.
There was very little regenera 6 o i

Photolysis of this refrozen glass with WG 335 filtered light ”g‘

,led to production of cp(CO)4(NBD)' On warm up to room temperature ' . |



ene in 4:1 mch:ip at 77K.

i
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most of the Cr(CO)6 was regenerated. The broad band around 1950
cm'l is probably due to Cr(CO)S(NBD) and possibly a small
amount of Cr(CO).(H,0)..Prequencies of 1955 and 1935 cm~ ! have
been quoted for the two strongest bands of Cr(CO)5(NBD) in

1
3? In the spectrum produced on

hexane at room temperature
irradiation of Cr(CO)s(NBD) containing glass (fig. 3-12(c))
there is a shoulder at 2041 cm"1 on the high frequency side of

the 2037 cm'1

» high frequency Al, band of Cr(CO)4(NBD) which is
not present in the spectrum of pure Cr(CO)4(NBD) inkglass. From
its position this band could be due to a small amount of
unsaturated Cr(CO)4(NBD) i.e. a sixteen electron species wifh
NBD bonding through only one olefinic moiety and a vacant site,

or possibly a coordinated alkane cis to the olefin. On warm up

to 98K and refreezing this shoulder disappears. The relevance ‘”

of these results to the photolysis of Cr(CO),(NBD) and its use

as a hydrogenation catalyat133 will be discussed in the next

chapter.,

Conclusion

As in the Pe(CO)s case, photolysis of hexacarbonyls in

pure hydrocarbon glass does not give much information about
the real nature of the fragments produced when considered in

isolation. but a comparison of the results with those obtained

in a variety of gas matrices shows that the reactions in

hydrocarbon are basically the same as those in other "inert!

matrices. The term ‘inert' matrix used here refers to tye types
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of weakly interacting matrixgo which have been previously
considered inert, e.g. Ar, Xe, CH4, hydrocarbon glass.
Photolysia in the strongly interacting MTHF glass shows the
expected stepwise replacement of CO by MTHF,

The photolysis reactions in the presence of potential
ligands described above do not give a comprehensive view of

the field by any means and there is still room for several

- systematic studies of hexacarbonyl photolysis in the presence

of specific classes of ligands. However, several general foafuroaﬁ?

have emerged from the reactions described above. For example

the importance of M(CO)....alkane association in reactions im

the glass and of M(CO)S(HQO) in low temperature solution reactionqg

has not been previously recognised. Pre-photolytic association

has been shown to be important in all cases, and where no such

association takes place, as in the cases of CO2 and H20 no
complex is formed (M(CO)S(HZO) is nearly always formed, buf»v
_-attempts to increase the yield by adding H20 have been
unsuccessful). The rate of displacement of alkane from
M(CO)S(alkane) to form M(CO)gL is dependent on the naturg of

L (in solution at least) and a series can be constructed:

~/ o~ > . Th i
01ef1n~CS§-acetone>PPh3 PBtg>H20>THF>Tip Tecp Sé>CO is is

125
fairly consistent with Kelly's results

solution reactions. However, reactions occurring immediately

tors such as the degree
on glass softening depend on other factor 8

of association in the glass before photolysis and the relative

for room temperature

e e e g e



rates of substitution and polymerisation of fragments, though
the polymerisation of fragments associated with potential
ligands seems slow compared to M(CO)SL or M(CO)S(HQO) formation
in most cases since the polymeric species observed in pure
hydrocarbon were usually not observed on glass softening in

the presence of added donors,

&
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Introduction

This chapter follows naturally from chapter three, the
last section of which dealt with the Pormation op non~formation
of substituted hexacarbonyls in glasses or from fragments
generated in glasses. The main class of compounds investigafed
was the monosubstituted phosphinocarbonyls since a considerable
amount of work on the u;v./viaible'and i.r. spectra and the
preparation of these compounds had aiready been done in this
department21’14? and for the most part they are air stable and
present no handling problems. Other systems investigated were
trans-disubstituted phosphinocarbonyls and norbornadiene-
chromium tetracarbonyl, the last being of interest because of

its use as a hydrogenation catalyst which produces an unusual

Amount of 1,2 addition of H2 in norbornadiene and conjugated

dienes™ |
"in hydrocarbon failed because of their insolubility.

Like Fe(CO)5 monosubstituted and cis disubstituted

hexacarbonyls contain two distinct sets of CO groups and so there

is a possibility of two types of primary product being formed
if the basic structure is retained after photolysis. There is

also a possibility of dissociation of ligand rather than CO

although this is unlikely in a glass for reasons discussed in

Ch.1. There are no quantitativ

for substituted hexacarbonyls, and there is no general agreement

as to the nature of the electronic transitions most likely to-

7
35-147 see Chapter 5.

% por references 1

133 Attempts to examine cis disubstituted phosphinocarbonylh

e energy level diagrams available
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'ye responsible for the photolysis. but the results described in
this chapter show that some of the apparent disparities in
previous theory can be rationalised.

Spectra of ngO)sggs in Hydrocarbon Glass (R=alkyl, H, alkoxide)

As with all other systems investigated, solutions of
M(CO)S(PR3) compounds show considerable changes in the CO
stretching i.r, spectrum on freezihg to 77K. In many cases these.
effects are more pronounced here because of the relatively large
‘size of the molecules. However, the type of effect observed does
not seem to depend on molecular size, Trialkyl phosphines were
perhaps the bulkiest ligands used and tricyclohexyl, triisopropyi.
and tri-n-butyl were selected as representative examples. The
Mo complexes will be discussed in detail only since Cr and W
complexes had been previously shown to behave similar1y4§ The

room temperature spectra of Mo(CO)S(PRs) compounds (R=alkyl)

: -1
all show two main bands: a very sharp A1 band at around 2070 em

' -1
and a much more intense, broader band around 1935 cm due to
a composite of the E and low frequency A1 bands (see fig. 4-1

and table 4-1). There are also minor features: a weak shoulder

13
on the low frequency side of the A, band due to CO substituted

8Pecie814g a weak band around 1980 cm_1 due to the i.r. forbidden

1
responding A' mode of the equatorially Sco

Bé mode, the cor

subsfituted species, and in some cases a hexacarbonyl impurity,

and a weak band around 1910 cm'l due to modes involving mainly

13COvstretchiHG-



Figure 4-1: MO(CO)S(Tcp) in 4:1 mch:ip,
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Table 4-1: Frequencies of LMo(CO)5 bands in 4:1 mch:ip,

L A B; B A 1 A B E

1 2 1 2
Tc 2065 1976 1935 2067 1978 1933
p .
Tip 2067 —~--= 1940 2067 1980 1936
P(n-C H ) 2067 =——== 1945 2070 1985 1940
479’3
P(p-CgH,CH,) 3068 1995 1949 2070 1988 1949 1940
PH. 2081 1986 1958 2083 1990 1961
3 -
| | 1945 |
p(op,.i,3 3076 2000 1945 1963 2080 2000 oo~ 1955

._poom temperature —! ‘— 77K

-1
frequencies in cm .
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On cooling to 77K the high frequency A, band becomes

1
sharper and the low frequency shoulder more clearly resolved,

but its frequency does not change much. The band around 1980 cm;'1
sharpens and sometimes resolves into two components, and the

| ﬁand around 1935 cm ' becomes broader and shifts to loweé
frequency, while the low frequency 1300 stretching band becomes
less well resolved, probably because of its proximity to the

E/A1 band. In the Mo(CO)s(Tcp) case the apparent broadening is
‘similar to that observed for the E' band of Fe(CO)5 and the T1u
bands of hexacarbonyls, i.e. there is incipient splitting of the
E band, and the band is asymmetric with a tail on the low
frequency side (fig. 4-1), solthat the A1 band may resolve
slightly at low temperature. In the P(n-C,Hy), and Tip cases,
however, the broadening, which was most pronounced in the Tip
case, seems to be of the type which would be expected to occur

in a solution spectrum when the temperature was increased, i.e,

a normal 1,?. band shape is retained, but there is more intensity
in the wings of the band. The reason for this is not at allycleah;_

MO(CO)S(PH3) bands show similar changes to those observed

in Mo(CO)S(Tcp), the main differences being due to the much 199§  ,5

intense high frequency Al and much more intense B2 modes of

'Mo(CO)s(Pus)‘ Mo(CO)s(Pﬂs)' however, was uni?ue in that the’

 starting solution showed thermal decomposition even during

‘ffeezing in the dark, so that some CO was always observed in

the glass even before photolysis. A P-H stretching band could

i M PH ),
be observed at 2335 cm~1 in the 77K spectrum of o(CO)s( 3) o
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but this band was very much weaker than most of the CO stretches
and was not observed at room temperature, even at concentrations
of 10'1M. It should be noted that it was possible to use
concentrations of up to about 2x10" 1M for most of the phosphine
substituted molybdenum hexacarbonyls and obtain spectra in
glasses before and after photolysis similar to those observed in
“more dilute glasses, buf the data quoted in this chapter is
nearly all for concentrations of around 10'2M: 8o direét
comparison with other systems is possible, Mo(CO)s(P(p-CGH4CH3)3,
is less soluble, but behaves similarly to Mo(CO)s(Tcp) on
cooling, except that the low frequency A1 band shows as a distincf
‘shoulder in the 77K spectrum in that case. Incidentally
Mo(CO)s(PPhs) is too insoluble to isolate in hydrocarbon glaée.“

Mo(c0)5(p(opri)3) and W(CO)S(P(OPri)s) were the only two
phoéphite substituted complexes investigated in this work,
although very similar spectra were obtained by M.J. Boylan for
‘CrkCO)S(P(OPri)s) and P(OBt)# substituted compound34§ P(OMe)3
substituted compounds were also investigated by him, but their
spéétra at 77K are very broad and not reédily interpreted.v
Mo(CO)S(P(OPri)3) énd its W analog show five bands in the roem
temperature spectra: a high frequency A1 band around 2080 cm-l.
a B2 band around 2000 cm-l, a low frequency él band around 1950>

-1
-1 overlapping with a more intense E band around 1938 cm .

lém
and a 13CO band around 1915 cm"1 (see table 4-1 and fig. 4-2).
On cooling all the bands sharpen slightly, except the E band.

which broadens in the W case and splits into two components,



Figure 4-2: Mo(CO)s(P(OPri)s) in 4:1 mch:ip.
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one considerably sharper and less intense than the other, in the
Mo case. A shoulder due to 1300 substituted species is also
observed on the low frequency side of the high frequency Al
band. The uneven splitting of the E mode is unusual for a metal
carbonyl derivative isolated in a glass:; the effects observed
in Fe(CO)5 and CpMn(CO)3 suggest that the E modes are tending to
split into two equally intense components. The 1lower frequency,
less intense component ié very sharp (no half width can be
measured as it overlaps the band due to the other component)
while the more intense component appears broader near its peak
than the combined band before cooling. At first it was thought
that the low frequency band was mainly due to the A{l) mode and
the room temperature spectrum had been misassigned previouslyzl.
Approximate force constant calculatiéns were carried oﬁt

assuming orderings of frequencies (i) Af>Bz>Ai>B and (ii) Ai>32>

157
E>A1 and making the single assumption kt'kc+kc.' The results

are shown in table 4-2,

Table 4-2:

1

(1) A1 2080 B, 2009 E 1945, 1932 A1 1955 (cm ™)

- = =y. '-0.44 d A
K1-15.11 K2 16.13 kt 0.85 kc 0.41 kc (md/A)

-1
(ii) Al 2080 B2 2000 B 1955,1945 A1 1932 (em )

- . =0. =0.39 k _'=0.40 (md/A
K, =14.83 K,=16.14 k. =0.79 k_ . (md/A)

Both methods give reasonable values for parameters, but in case

(1i) K the stretching force constant for the CO group trans to
1!

the phosphite is exceptionally low for a compound with a T

131
accepting substituent ,
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Correlation diagrams for M(CO)G_n(P(OMe)s)n systems123 also
predict the ordering of frequencies as in (i), and so (i) is
probably the correct ordering of frequencies for Mo(CO)S(P(OPri)3)‘
» For E bands the mean frequencies (i} 1938.5 and (ii) 1950 em™1
were used in the calculations,

Bigorne et al. have described the splitting of E modes in f
various M(CO)n_l(P(OR)3) compounds,.including Mo(CO)s(P(OMe)s),i
and suggested that there is a specific interaction between one
P-O0 bond and an equatorial CO group159 However, the éplitting
they observed invMo(CO)s(P(OMe)s) in hydrocarbon solution at
room temperature was around 3 em ! as opposed to the 12 em™t
observed here, and the band was split into two components of
equal intensity. The effect observed here can be explained if a
much stronger interaction between oné CO and a P-O bond than
that proposed by Bigorne is taking place so that the symmefry
of the molecule is lowered from C4v to Cs. 4 structure such as
that shown in fig. 4-3 would give rise to two stretching modes
of the equatorial CO groups which would give bands of
approximately the same frequency as the E band observed in

solution spectra, but with two different intensities. The
structure shownvis of course not the only possibility and
investigations of the §M-C-O and P-O stretching regions of the
i.r. spectrum would help to clarify this. The failure to

, i .
observe a similar effect in N(CO)S(P(OPr )3) in glass is

consistent with the above explanation since a larger central
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metal would increase the CO phosphite separation.

Figgre 4-3: O
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Photolysis of Mo(CO)_(PR.) in Hydrocarben Glass

In all cases where R=alkyl, B, aryl, or ﬂPri photolysis inm
hydrocarbon glass was found to yield a mixture of products, the
composition of which depended on the wavelength of the irradiating
light, and CO. The u.v,/visible spectra of most of the compounds
had previously been investigated im hydrocarbon glass at 77K
and a number of bands in the near u.v. had been assigned to
either d--d or metal to CO charge transfer tvansiti@nsﬂ? Both
these types of transition can lead to photolysis, but the charge
transfer is likely to be the more important at lowm temperature
at least. However, since there is always considerable overlap
of bands, it is probably impossible to specifically excite one
transition and study the photolysis due to that transition.

Also the processes observed in the glass will depend on the
physical properties of the glass. However, it was possible to
vary the composition of the product mixtures by wvarying the
_wavelength of the irradiating light. No plets of relative

quantum efficiency of production of a particular species against
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wavelength could be made since lamp performance was by no means
reproducible and very few of the i.r. bands observed did not
overlap with bands of either starting material or other products,
Products were identified by their relative rates of production
and photoreversal, and in some cases could be interconverted
with low energy light., No u.v./visible spectra of products were
obtained,

The most easily interpreted spectra were obtained for
Mo(CO)s(Tcp) and this system will be discussed in detail first;
Irradiation at 77K in 4:1 mch:ip glass with light of wavelength

360 nm produced initially five new i.r. bands (see table 4-3

for frequencies) four of which appear to be due to one species,
although the relative intensities were impossible to measure
because of band overlaps. CO was obsérved in the glass, but there
was no sign of Mo(CO)5 bands. The unique band at 1883 em™ ! was
due to a much more photosensitive species than the other four
and gradually disdappeared in the visible light of the spectrometer
beam. It could also be destroyed by irradiation with low energy
(GG 420 filtered) light or high energy (unfiltered or 254 nm
monochromatic) light. The species with four bands, (I), is most
likely cis-Mo(CO)4(Tcp)(a1kane) since the band pattern is

similar to that normally observed for a cis disubstituted

hexacarbony176’9§ The second species, (II), is assigned as

trans-Mo(CO)4(Tcp)(alkane). although the second band expected

- for this species, which is expected to be very weak, was never

observed. A C3 Mo(CO)4(Tcp) species would have three i.r. bands
v



Table 4-3: Frequencies of LM(CO)4(a1kane) bands,

——a—

L
’Tcp
Tip
P(n-C4H9)3
P(p-CGH4CH3)3
PH3

i
P(OPr )3

2027.5

2030

2030

2039

2044

2041

‘cis
1916
1920
1926
1928
1938

1944

1907

1912

1914

1921

1930

1924

1864

1867

1870

1870

1890

1876

trans

1883
1887
1891
1905‘
1915

1910
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in an approximate ratio of 1:1:8 56 and so it is unlikely that
the one band observed is due to such a species,

Both species were observed under all irradiation conditions
used. However, the largest concentration of (II) relative to
(I) was obtained on irradiation with 301 nm monochromatic light,
In that case the ratio of (II):(I) remained fairly constant
throughout the irradiation, but on irradiation with WG 305
filtered light larger amounts of (Ii were produced in the early
stages of irradiation and so there must be photoinitiated
cbnversion of (I) to (IXI), It is difficult to tell whether low
energy GG 420 light promotes the reverse process sincevthe
disappearance of (II) under these conditions is always
accompanied by photoreversal and so it may be that (II)
photorevgrses faster than (I).

On glass softening (I) disappears at around 103K with some
regeneration of starting material while (II) persists, possibly
in increased concentration, until at least 113K, Since another
species formed in warm up (probably Mo(CO)4(Tcp)(H20) ). has its
strongest band at the same frequency as (ITI), it is difficult
to tell if there ié actually interconversion of (I) to(II) at
this stage.

Irradiation in the glass for long periods with unfiltered
or 254 nm monochromatic light produced a secondary photolysis

product with three bands at 1955, 1847, and 18214 cm ~ (see fig,

4-4) which is most likely to be fac—Mo(CO)s(Tcp)(alkane)a,‘(III),

from the band positions and relative intensities. However,
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prolonged irradiation (>4h) with 301 nm monochromatic light
does not produce much of this species ani subsequent irradiation
with 254 nm monochromatic light causes a reduction in the
intensity of the starting material and (II) bands and an increase
in the (I) concentration only in the early stages. Later, as the
(I) concentration builds up, (III) is produced. It seenms,
therefore, that (III) is produced from (I) only and that when
(II) disappears on irradiation withl254 nm monochromatic light
it is converted to (I). This seems reasonable since loss of CO
from trans-Mo(CO)4(Tcp)(alkane) would yeild the mer tricarbonyl,

There therefore seems to be a genuine photochemical

isomerisation between (I) and (II), the formation of (I) being
favoured by high energy light, A scheme has been proposed for
W(CO)s(pyridine) by Wrightonll8 in which, for photolysis via
d--d transitions at least, low energy light will cause
labilisation of the C4v axis i.e. preferential loss of CO trans
to the ligand in the glass, while higher energy light will
cause labilisation of equatorial CO groups. This view is
_,supported by the increased quantum efficiency for substitution
of a second pyridine in M(CO)S(pyridine) when 366 rather than
436 nm irradiation is used15% since when the C4v axis is
labilised in solution there is more chance of losing ligand

than CO. This view is also consistent with the results for

Co(III) compounds48'49 mentioned in chapter 1. However, in this

case there is bound to be photolysis via charge transfer

transitions and it has been suggested that the lowest energy
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charge transfer should be from the metal to the Ffour equatorial
Cco groupsgf and radiationless decay of such charge transfer
excited states could lead to the preferential formation of high
energy d--d excited states and hence (I),

Thus it seems that a possible mechanism here is that the
main species produced by charge transfer photolysis is (I) and
that (II) is mainly produced from (;) via an absorption around
300 nm, although some (II) may be produced directly from starting
material, possibly via a d--d transition, The (II) can then be
reconverted to (I) via a high energy transition around 250 nm
(i.e. the reverse of its production) or photoreverse to starting
material via a low energy d--d transition, This mechanism would
also explain the persistence of (II) after glass softening as

its ground state will be more thermodynamically stable than (I)
(see fig., 4-5).

Figure 4-5:

A T common excited

Mo (CO)_(Tcp) C.T.
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state (IXI)+CO ground
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¥

MO(CO)S(Tcp) ground state
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Results of photolysis in the other LM(CO)5 systems studied
and in those studied by M.J. Boylan were qualitatively similar,
Primary photolysis‘produced two species: cis and trans
LM(CO)4(a1kane), the trans being the more photosensitive, In
the case of the other trialkyl phosphines (Tip and P(n--C4H9)3 )
and tri-p-tolylphosphine the effects observed were almost exactlyE;.
similar, In these cases, however, tpe strongest band of
cis-LM(CO)4(a1kane) showed a slight increase in intensity when
a product mixture was irradiated with GG 420 filtered light,
but the highest and lowest frequency bands either did not change
or decreased. This probably occurred because the E band of starting
material was increasing due to photoreversal and the two medium
frequency bands of cis-LM(CO)4(alkane) overlap with the wings
of this band. However, the formation.of yet another species
during low energy irradiation cannot be ruled out,

In the case where L-PH3 the situation is more complicated
since thermal decomposition of the starting material occurs
even during freezing of the starting solution; so there is
always CO and possibly free'PH3 present in the glass. In addition
the product bands overlap extensively and so spectra are very

difficult to analyse. However, some interesting features were

apparent. Photolysis with WG 305 filtered light always produced

a band around 2090 em~Y which is at higher frequency than the

-1
high frequency Al.band of Mo(CO)s(Pﬂs) at 2085 cm and so is

unlikely to be due to any Mo(CO)d(PHS)L compound, It is, however,
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around the right frequency for the high frequency A1 band of
Mo(CO)5 in hydrocarbon and the other bands of Mo(CO)5 would be

masked by the Mo(CO)s(PH3) E and low frequency A, band at 1958

-1 ‘
cm ~ and bands due to other photolysis products in the 1920 cm~1

region, It seems, therefore, that PH3 may be lost from Mo(CO)s(Pﬂs)
in the glass. There is also a possibility that P-H bonds are
.broken in the photolysis since PH3 gbsopbs in the near u.v.ls?,
Among the other photolysis products, which give at least three
bands in the 1950-1910 cm™ 1 region and a band at 1892 cm‘l, there
is one band at 1915 cm.1 which persists on warm up to 103K and
disappears fastest on irradiation with low energy light and is
probably due to trans»Mo(CO)4(PH3)(alkane). The cis compound is
probably also present., In this case warm up to room temperature
results in the production of a mixtufe of starting material,
Mo(CO)G, and cis-Mo(CO)4(PH3)2. whereas in the other cases
examined warm up resulted in regeneration of nearly all the
starting material. ‘
In the triisopropylphosphite cases again the results are
qualitatively similar to those for Mo(CO)s(Tcp) with both cis
‘and trans primary products being formed. Here too the trans
product disappears faster on irradiation with low energy light,
ﬁut there is no significant change in the cis:trans ratio on

irpradiation with high energy light, This not entirely unexpected

since the cis and trans compounds will be very similar

electronically since P(OPri)3 is much more like CO in its o
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donor and w acceptor properties than a trialkyl phosphine,
However, it is rather surprising that the trans should still
photorgverse much faster than the cis form since the selective
labilisation of one axis by the lowest energy d--d transition
is thought to depend on there being a significant difference in
ligand field strength between ligands on that axis and ligands
in the rest of the molecule48'11§ Tpe reason for the faster
disappearance of trans in this case is not clear unless there is
photoisomerisation between the two forms which is promoted by
low energy light., Such a process may also occur for (I) and (II)
in the Tcp case, but the evidence available does not show that
it definitely does., Orientated Cr(CO)5 has been generated in a
matrix by polarised photolysis and the orientation can be
changed by low energy lightlof This ﬁreaumably oqcurs by a
process analogous to the photoisomerisation described here,

Warm up experiments were carried out on M(CO)S(P(OPri)s)
M=Mo,W, and Ma(CO)s(Tcp). All three cases showed the same
sequence of events: the cis-M(CO)4(PR3)(§1kane) compound
disappeared together with some CO between 100 and 115K while

some starting material was regenerated, then the trans photolysis

product diéappeared around 113K, and the three bands due to a

new species which had begun to form around 100K became the main

features of the spectrum apart from the starting material bands.

-1 .
These new bands at 2038, 1910, and 1855 cm in the
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Mo (CO)(P(OPe) ) case, 2025, 1902, and 1845 em™! in the
W(CO)S(P(OPri)B) case, and 2010, 1890, and 1835 em L in the
Mo(CO)S(Tcp) case are all fairly broad. On warm up to 195K they
all sharpen and in the Mo(CO)S(P(OPri)s) case a shoulder appears
on the high frequency side of the 1910 em~ 1 banmd at 1925 cm'l,
and a band is observed at 1865 cm L, Similar spectra can be
obtained by irradiating with WG 335 filtered light at 195K in
4:1 mch:ip or n-heptane, except that in the H(CO)S(P(OPri}s)
case the lowest frequency band is sharper and appears at 1860 cm-1
then. Similarly in the Mo(CO)s(Tcp) case the lowest frequency
band was observed at 1855 cm™ 1 when the solution in 4:1 mch:ip
was irradiated at 195K and the band at 1890 cm'l was split into
two approximately equal components at 1900 and 1890 cm'l, but on

1

freezing to 77K the lowest frequency band shifted to 1835 cm .,

This shift was reversible, Since this behaviour is wvery similar

to the behaviour of M(CO)S(HQO), it seems likely that the

species involved here is cis-LM(CO)4(H20). Warm up to room

temperature resulted in the regeneration of starting material.
Room temperature photochemical reactions of M(CO)S(Pks)

compounds in hydrocarbon solution in pyrex apparatus have been

Sstudied by Darensbourgl4? but the results seem to indicate that

the final products do not depend on the primary photolysis

: - A -Ph.
processes, For example in photoreactions of M(CO)S(Pgs) R

with amines the final products are always cis disubstituted

ts of reactions with PPh, and
M(CO)4(PR5)(NR3), put the produc s
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1300 -
are trans. It is probably the case in the amine reactions

that when an amine substitutes in a site trans to PR the

3
proeduct then photoiyses to lose either amine or phosphine, so
that the concentration of the more photostable cis compound
builds up as the reaction goes on. The ready formation of
LM(CO)4(H2O) in low temperature snlution means that it will be
difficult to use cooliné as a method of controlling
photoreactions of M(CO)S(PRs) compounds.

Unfortunately all the M(CO)SL compounds where L=hard base
available were unsuitable for photolysis in hydrocarbon glass,
Mo(CO)s(Nﬂs) and Mo(CO)s(pyridine) were too insoluble, while
Mo(CO)s(Nﬂs) compounds were difficult to free‘from traces of

free amine since they decomposed on silica and alumina columns

or during vacuum sublimation. The room temperature photoreactions

. . 118,153
such compounds have been studied more extensively and

there seems to be a definite preference for 1oss of ligand rather
than CO with relatively low energy light (A> 366 pm). Probably

the closest system in this work to such systems is Mo(CO)6/MTHF
in hydrocarbon where there may well be photolysis of Mo(CO)s(MTHF)

to give Mo(CO)5 and MTHF in the glass.

i ,
Photolysis of Mo(CO)ngcgl and W(CO)S(P(OPr )sl in MTHF Glass

As expected most of the bands in the spectra of both

compounds are much broader in MTHF than in hydrocarbon solution

and changes occur on cooling to 77K, The high frequency A1 bands

in both cases, however, remain very sharp and do not shift at
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all on cooling. In the Mo(CO)S(Tcp) case on cooling the B2

mode becomes mode becomes quite distinct at 1978 cm-i. the E

band broadens slightly but does not shift from 1935 cm-l, and

the low frequency Al mode appears as a shoulder at 1918 cm—l.

i
In the W(CO)S(P(OPr )3) case again the B, band becomes more

2

clearly resolved although it is considerably shifted from 2000
em~! in hydrocarbon to 1982 cm~ 1. The E band at 1937 em~ 1 does
not shift or show any major changes in shape, but the low p

frequency Al mode, which is resolved even at room temperature

in hydrocarbon, only appears at 77K as a shoulder at 1945 cm-1

(a separation of 8 cm"'1 between Al and E modes, cf. a separation
of 13 cm_1 in hydrocarbon), These effects seem to be consistent P

with coordination of MTHF on the side of the molecule trans to

the ligand, i
In the w(CO)S(P(OPri)3) case photolysis gives four new
-1 .
bands at 2021(m), 1900(m), 1885(vs). and 1842(s) cm ~. Using

W& 305 filtered light complete photolysis of starting material

was achieved after 77 min. However, the concentration of the

. i
species responsible for these bands, probably cis-W(CO),(P(OPr )3}
(MTHF), did not increase after 30 min irradiation: so there

must be complete decomposition taking place. As expected warm

'up to room temperature did not lead to regeneration of much

starting material, but gave a spectrum with some cis-W(CO),

i two other broad bands. }l
(P(OPrl)s)(MTHF) present and at least two |

o observe trans—W(CO)JE“OPri)S)(MTHF) can be %

. !

The failure t
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explained in two ways (assuming that it is not present masked
by the bands of the cis compound). If the main route to trans-
W(COJ4(P(OPpi)B) ig8 via the c¢is form, capture of the cis form
by MTHF would prevent photoisomerisation, or trans—W(CO)A(P(OPri)s)
(MTHF) could be much more photosensitive than its cis analog
 and 80 decompose much Pfaster.

In the Mo(CO)S(Tcp) case seven new bands were observed on
irradiation with WG 305 filtered light. More experiments would
be required to identify all the bands, but it appears that
cia—M@(C0)4(Tcp)(MTHF) {bands at 2015(m), 1895, 1885{vs), and
1845(s) ) and fac—Mo(CO)s(Tcp)(MTHF)g (bands at 1920(s), 1790(s).
and 1775(s)). are present. Warm up to room temperature leads to
almost complete regeneration of starting material.

Mo(CO)S(Tcp) was also photolysed im 4:1 mch®ip containing
1% THF (i.e. about 0.07M in THF), Spectra before photolysis
resemble those when THF was not present except that the E band
showed a small splitting (1938, 1935 em™1) at 77K, Irradiation
with WG 305 filtered light gave a mixture with cis-Mo(CO),{Tecp)

(alkane) and cis-Mo(CO)4(TCP)(THF) as the main constituents,

Photolysis of trans-LQM(CQl4 Compounds LL‘P(OEtlg- Tip, or PBt3)

Evidence for the loss of phosphine ligand from trans- W(C0)4‘

(Tip), during photolysis in solution at room temperature had
2 .

4 +
been obtained in this department and so it was

previously

decided to investigate this and similar species (trans-Mo(CO)d

‘ } i lasses, Again
(P(OBt)3)2 and trgns-Cr(CO)4(PBt3)2 } in glas B

photolysis via d--d transitions should lead to phosphine loss
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as a favoured process, but the favoured products of charge
transfer photolysis are unknown. Another factor which should
inhibit CO loss is the high electron density on a metal in a
fragment such as-(PRs)QM(CO)3 which is bound to render it 1less
stable than the corresponding M(CO)S.

Trans-M(CO)4(PR3)2 compounds show two or three i.r. bands,
one very intense due to the i.r. al}owed Eu mode and two much

weaker at higher frequency due to A and B28 modes which are

1g

formally i.r. forbidden in D symmetry. However, the molecules

4h
almost certainly undergo distortions similar to those described

by Bigorne for trans~Fe(CO)4I2154 ;s 8o the actual symmetry is

at most D2d’ The A1g mode in D4h correlates with the A1 mode

of D.. which is also i.r. inactive and it is only in cases where

2d
there is interaction between the ligand and specific CO groups

. 2
(i.e. where R=0OEt etc.) that the 'Alg' mode becomes i.r. active 1.

In the three cases investigated cooling of hydrocarbon solutions
to 77K causes sharpening of all bands, including Eu' In the
trans—Mo(CO)4(P(OEt)3)2 case there is also an increase in

intensity of both the high frequency bands relative to the Eu

‘ -1
band. In all three cases the 13CO band around 1845 cm becomas

better resolved on cooling and in the trans-lJ(CO)4(Tip)2 case

a shoulder appears at 1915 em~Y on the low frequency side of

the B (82 ) band which is probably also due to a band of
2 g

w(c0)3(1300) (Tip)ye
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As expected photolysis with unfiltered light is very slow,

the rate decreasing in the order Mo(CO)4(P(OEt) >Cr(CO)4(PBt3)2

3)a
>w(CO)4(Tip)2 i.e. the rate of photolysis is slower as the
phosphine becomes more basic, although the metal is also
changing. CO loss is the only observable photolytic reaction.
The products show three i.r. bands which form a pattern typical

' 83 76 |
of a T-shaped, sz, L2M(CO)3 or mer-—L2L'M(CO)3 compound and

are probably (PR3)2M(CO)3(a1kane)n compounds (see table 4-4),

Table 4-4:
trans—Cr(CO)4(PEt3)2 trans-Mo(CO)4(P(0Et)3)2 trans-N(CO)A(Tip)2
Al (Alg) .
1970 1912
B, (B2g) 1932 ’
1915
E (E,) 1875 1910 1855
Cr(CO) 5 (PEty), Mo (CO) , (P(OEt) ), W(CO)(Tip),
A ———— 2000 1950 .
1
B 1841 1890 1836
1
A 1820 1842 1815
1

Tpans—W(CO)4(TiP)2 was also photolysed in MTHF glass at 77K

and MTHF solution at room temperature. Spectra of the starting

material in MTHF glass were not much different from the

corresponding spectra in hydrocarbon, but photolysis was very

slow indeed, and after 3h irradiation with unfiltered light ‘

only one new band at 1828 cm'1 could be observed. However,

irradiation at room temperature with unfiltered light caused

- ip) (MTHF), but
the production of W(CO)g (fip) and cis-W(CO),(Tip)( ), bu
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after about 7 min a steady state was established (in a sealed
cell) and further irradiation did not alter the composition of

the mixture,

»Norbornadienetetracarbonylchromium

Interest im the photolysis mechanism of this compound arose
because it is thought to be involved in the hydrogenation
reaction of norbornadiene in hexane.at room temperature where
irradiated Cr(CO)6 is used as a catalyst13§ One of the
mechanisms suggested for this reaction, which is interesting

because it gives more than the expected amount of 1,2 addition

of H, to norbornadiene (NBD), involves a species in which NBD

2
and H2 are bonded to chromium simultanéously. possibly
Cr(CO)s(NBD)(HQ). Cr(CO)6 also catalyses a dimerisation reaction
of NBD and Cr(CO)4(NBD) has been idéntified as an intermediate
in that case155 and Cr(CO)4(diene) has been suggested as an

intermediate in the Cr(CO)6 photocatalysed hydrogenation of
1,3-diene915§

As with other substituted hexacarbonyls there are two
possible decomposition routes, loss of CO or loss of ligand.
In this case the second route is very unlikely in the glass
as it would require simultaneous or consecutive detachment of
both olefinic moieties from the metal and this is not likely
to occur if no other two electron donors are free to move in

to replace the olefin. Norbornadiene, however, absorbs in the

near u.v. and so some of the light is bound to be absorbed by

the ligand. This seems to have very little effect in the glass,
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although the photoassisted dimerisation of morbornadiene im
the presence of Cr(ﬁ@ﬁ@ probably imvelves such a process or
a Cr to NBD charge transfer.
The i.r. spectrum of CPQCODQ(MED) at room temperature
conrsists of four sharp bands at 2038(m), 1955(m), 19%41(s)}, and

1 hand shifts to 1951 em ! and

1910{s}. Omn ceoling the 1955 cm
the 1910 cm“l band to 1902 cm“lw bmt the form of the spectrum
changes little, except that when concenmntrations of over 5x1@‘3m
are used broadening appears mear the base of the two lowest
Frequency bands and the intemsity of the other two bands is
reduced. This is probably due to Crmamydqmwnm comimg out of
solution, as, when concentrations of around EQ-EM are used,
extensive crystallisation takes place. The two bands which shift
on coclimg, the low freguencv A1 am@“the B@ are mainly due to
motions of CO groups trans to the norbornadiene ligand.
Photolysis with unfiltered light is slower than photolysis
of unsubstituted Cv&ﬁﬂjﬁ, but not as slow as photolysis of
E@Mm@@ﬁﬁa. Free CO and five new i.r. bands are observed. On
subsequent irradiation with WG 335 filtered light, three of

the new bands at 1971, 1885, and 1873 em™ ! decrease in intensity

1 inerease in intemsity.

while the other two at 1995 and 1918 cm
There is also some regeneration of Er(Cﬂ)4(NBD} and another
band at 2078 cm-l appears. After about 30 min irradiation with

WG 335 filtered light a steady state is reached, The three bands

at 1971, 1885, and 1873 cm“l form a patterm which could well be
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due to (NBD)Cr(CO)S(alkane) where an alkane molecule has
substituted for one of the CO groups on the OC-Cr-CO axis, i.e,.
Eac—Cr(CO)s(NBD)(alkane), and the two bands 1995 and 1918 cm"l
could be due to the corresponding mer isomer, but many more
experiments on this and related systems would be required to
establish this. The origin of the 2078 cm"1 band, which is very
weak, is unknown., Warm ﬁp to room temperature resulted in

- regeneration of about half the starting material and
production of some Cr(CO)G.

Photolysis experiments on Cr(CO)4(NBD) and Cr(CO)G in the
presence of NBD in H2 gsaturated glass are currently in progress
at Université Libre, Brussels and results of these experiments
should relate to the above information. In particular,
Cr(CO)s(NBD)(Hg) should be formed in the photolysis of Cr(CO)4
(NBD) and Cr(CO)4(NBD)(H2) may be formed in the photolysis of
Cr(CO)6 in the presence of NBD, and subsequent warm up reactions‘
‘on these glasses may help to answer questioﬁs about the

mechanism of the hydrogenation reactions.

Conclusion

Again this chapter can in no way be considered a systematic
study of the photochemistry of substituted hexacarbonyls, but

the information obtained shows the type of process which can

occur in glasses , which are often different from the

pbedominant processes in solution photochemistry. In fact the

physical properties of the glass medium dominate the reactions
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described in this chapter. The structures inferred from spectra
are necessarily speculative since no data from gas matrix studies
on substituted hexacarbonyls is available yet, but in almost every
case the spectra fit the structures expected if octahedral
coordination about the metal is maintained in the CO deficient
species,

The last section is an example of how photolysis in a
glass followed by monitoring of =spectral changes on warm up
may be used as a model for a photocatalysis system. Unfortunately
Cr(CO)S/NBD/H2 does not suit the method very well because of
the low solubilities of Cr(C0)4(NBD) and H2. It is important to
remember that pre-photolytic association in the glass may change
the primary reaction considerably from the reaction which

occurs at room temperature,



CHAPTER 5

CYCLOPENTADIENYL MANGANESE TRICARBONYL AND RELATED COMPOUNDS
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Introduction

CpMn(CO)3 and its methylcyclopentadienyl analog (MeCpMn(CO)s)
are stable compounds which have been known since the early 1960's.

They commonly undergo two types of reaction: substitution of

3
CO groups 135 and Friedel-Crafts type, or possibly radical,

additions to the cyclopentadiene rin213§ They have also the

possibility of coordination of two one electron donor ligands

137

in place of CO and form relatively stable dinitrogen

substituted compoundslsg

Thermolysis of these compounds has been of interest because
of their potential as catalysts —-- MeCpMn(CO)3 was tested as
an anti-knock agent for petrolls? The photochemical reactions,
however, tend to be relatively straight forward, leading to
stepwise substitution of C013§ Like hexacarbonyls all the CO
groups in the starting material are identical and so there is
no possibility of more than one primary photolysis fragment
being formed. The u.v./visible spectrum is dominated by a very
intense u.v. absorption thought to be due to a cyclopentadiene
ring transitionll? but there is at least one weaker band at

longer wavelength which is probably a metal to CO charge transfer

or d=--d transition. The vibrational spectra of these compounds

. 140-142
have also been studied extensively .

In this work CpMn(CO), and MeCpMn (CO), were photolysed in
hydrocarbon and MTHF glasses at 77K. A few experiments in
t.
glasses with MTHF, CSQ’ and 002 present were also carried ou

The photolysis of CpMn(CO)Q(CS) in hydrocarbon glass was also




examined,

‘Photolysis in Hydroca¥bon Glass

s

Like group VI.hexacarbonyls CpMn(CO)3 and MeCpMn(CO)s are
relatively insoluble in 4:1 mch:ip and low concentrations
(~56%107°M) had to be used to avoid crystallisation on cooling.
Higher concentrations could be isolated in mch:nujol mixtures
(3:1 mch:nujol forms a glass around.160K). However, purification
of nujol to remove aromatics to the extent required for this
Qork was very difficult and so only a few experiments in 3:1
mch:nujol were carried out. The results in this medium are very
gimilar to those obtained in 4:1 mch:ip.

Cooling to 77K in either 4:1 mch:ip or 3:1 mch:nujol shows
changes in the i.r. spectra as expected. The very sharp A1
band (2032 in‘CpMn(CO)5 ) becomes shérper and shifts slightly
to 2026 cm'l while the E band (1946 em™ ! at room temperature)

—1 -

becomes broader and shifts to 1938 cm ~. A weak band at 2020 cm
X -1

shows very little change in intensity, but another at 1913 cm

shifts to 1905 cm"1 and becomes slightly broader. A shoulder

also develop

‘ 13
These could be due to the three bands of CpMn(CO),(""CO) and

the broadening of the lowest frequency band, which will be

mainly due to 13C0 motion can be explained if ring rotation

relative to CO groups is stopped in the glass so that there

13
are three different stereoisomers Qf CpMn(CO), (77CO), two of

13 i i
which are enantiomers, and so the CO group will be in two

chemically different environments, (see fig. 5-1). This stopping

-1
s on the low frequency side of the E band at 1924 cm |




Figure 5-1: Possible rotamers of CpMn(CO)Q(]‘sCO]‘.

13 13

13=13co
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of ring rotation means that the effective symmetry of CpMn(CO)8
molecules in the glass is Cs and so the E mode will be split
into an A' and an A" component, This is consistent with the
broadening observed. As expected these effects are mor;
pronounced in MeCpMn(CO)S where more stereoisomers are possible,
and in that case the A1 band also shows some broadening on
cooling.

Photolysis at 77K showed the usual stepwise loss of CO
when light of ﬁavelength <305 nm was used and photoreversal was
observed on irradiation with lower energy (WG 335 filtered)light,
Photolysis was relatively slow compared to the hexacarbonyls
and complete photolysis of starting material was never achieved,
The primary product showed two i.r. bands (see table 5-1) and
is assigned as CpMn(CO)Q, although c&mparison with results in
other matrices would be required to show whether it should be
formulated as CpMn(CO)Q(alkane). Bocause of the persistence of
the starting material no visible spectra could be obtained.

Since both CpMn(CO)# and CpMn(CO)Q contain only one type
of CO group, C-M-C bond angle calculations from band intensities

are fairly simple95 and the results are shown in table 5-1, The

values obtained for CpMn(CO)3 (94—960) are close to the values
o . 141 .
of 91,91, and 94 found in the crystal” . Relative band

intensities were measured in the same way as for Mo(CO)4 by

measuring peak height on a logarithmic scale and multiplying

by FWHM, Although no corrections for intensity in’ the wings of

the bands were made and the dipole moment derivative



Table 5-1: CO stretching frequencies of CpMn(CO)

and primary photolysis proitucts in hydrocarbon glass at 77K.

Compound

CpMn(CO)5
MeCpMn(CO)3
CpMn(CO)2

MeCﬁMn(CO)2

K, ki units

CO stretching frequency K
symmetric antisymmetric
2026 1938 15.64
2022 1936 15.59
1955 1886 14,90
1950 1881 14.82
md/A CO stretching force constant

3.

interaction constant

MeCpMn(CO)s.

0.470

0.460

0.535

0.530

~\
C-Mn-C

94
98
100

110

,_1&9 A T T :u;;;‘;

T
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was assumed to be the same under all vibrations, the values for
CpMn(CO)8 are close enough to the crystal structure values to
suggest that the ihcrease in angle between CpMn(CO)s and
CpMn(CO)2 of 4-6° may be significant,

It is impossible to tell from two i.r., bands whether
CpMn(CO)2 has a structure with the cyclopentadiene ring
perpendicular to the OC-Mn-CO plane. This might be expected if
the species observed is truly CpMn(CO)2 since CpCo(CO)2 is
thought to have this type of structure14? However, a CpMn(CO)2
(alkane) species would probably have a structure similar to
CpMn(CO)2L compounds in which the ring is not perpendicular
to the 0C-Mn-CO plane].‘58 A similar bond angle calculafion on
CpCo(CO)2 in mch solution at room temperature gave a C-63~C
angle of 84° (temperature was found fo make little difference
to the relative intensities in CpMn(CO)3 ) and so CpMn(CO)2
in hydrocarbon may well have a CpMn(CO)gL type structure,

Prolonged photolysis (>80 min with unfiltered radiation)

-1 .
produced a further band at 1857 cm in the CpMn(CO)3 case and

1856 cm~ L in MeCpMn(CO)a. Although it is conceivable that
CpMn(CO)(lsco) could have a band at this frequency. in the
MeCpMn(CO)s case’at least, the observed band is much stronger
than 2% of the A" (or Bl) band of MeCpMn(CO)Q, and so is
probably due to MeCpMn (CO).

Prolonged irradiation also produces two weak bands at

1967.5 and 1910 cm™! in the MeCpMn(CO), case and 1970 and 1917

LN Ll Lo

<A

o

P

RN
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-1
cm in the CpMn(CO}3 case, These may well be due to impurities
in the glass since they were observed in 3:1 mch:nujol and nujol
is extremely difficult to purify to remove traces of aromatics
and clefinics. CpMn(CO)g{olefin} compounds have bands around

-1 145 : . .

1975 and 1920-1910 cm . MeCpMniCﬂha irradiated at room
temperature in Apiezon L or N grease, which both contain some

u.v. absorbing impurities ~- probably aromatics, shows bands :

’
at 1960 and 1898 cm_l in addition to the bands at 1944 and 1877 ;
cm™~ assigned to a MeCpMn(CO), type species, possibly
MeCpMn(CO)Q(grease molecule}. On prolonged photolysis in greases g
{>30 min, unfiltered light) shoulders develop on the low

/

frequency side of both'MeCpMn(CO)% bands at 1933 and 187O‘cm"1. L

These last results are in contrast to those obtained for
MO(CO)6 irradiated in Apiezon greasevwhere the main product, on
irradiation with WG 335 filtered light, appeared to bhe Mo(CO)S(HSO)b
. A possible experiment, which was not carrie! out,would be ‘
photolysis of Mo(CO)6 in rigorously dried (over Na at high
temperature, say) Apiezon grease. 'Solutions' of Mo(CO)6 in
grease webe prepared by mixing a solution of Mo(CO)6 in ip
with the grease and pumping on the resulting sludge for several
days to obtain a fairly hard grease. The results in the Mo(CO)6 :

}
case were irreproducible because of varying grease hardness or {
varying water content. In the MeCpMn(CO)3 case the liquid was {
simply dissolved in molten grease at about 50°C.

i bsence
Warm up experiments on samples of CpMn(CO)2 in the a c ]
\
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of impurity complexes in 3:1 mch:nujol showed disappearance of
CpMn(CO)2 and regeneration of starting material around 170K.
The glass forming mixture used had the consistency of a soft
grease (e.g. Kel-F) at 195K, These results cannot be directly
compared with the results of warm up experiments in the
hexacarbonyl and Fe(CO)5 cases, but it seems that CpMn(CO)2 in
hydrocarbon is considerably less reactive than M(CO)5 or Fe(CO)4

in hydrocarbon and that it does not coordinate water or form

polymers easily. It is also interesting to note that Cpmn(CO)g(No)f

which can be isolated at room temperature138 was not observed

during glass warm up experiments.

Photolysis in Methyltetrahydrofuran Glass

As with the other systems invesfigated cooling to 77K

caused considerable changes in the CpMn(CO)s/MTHF i.r. spectrum,

1

In the CO stretching region the Al band shifts from 2021 cm~

at room temperature to 2011 cm-l and the E mode shifts from

1932 to 1915 cm'1 (see fig, 5-2)., These shifts occur gradually
on cooling and are reversible on warm up. The width of the A1
band does not change much, but the L band shows a similar type
of incipient splitting to that observed for the E' band of
Fe(CO)g. A weak band also appears at 1885 em™! which maoy be due
to CpMn(CO)2(1300) since a corresponding band is observed at

1

1905 cm~ Y in hydrocarbon glass. The shifts of 10 and 17 cm”

and E modes respectively show that there must be

in the A1

considerable interaction between MTHF and CpMn(CO)s on cooling,

S N

v




CpMn(CO)3 in MTHF room temperature and 77K.
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and the frequencies of 2021 and 1932 cm"1 in the room temperature
spectrum indicate that there is interaction with MTHF even at
that temperature (cf. 2032 and 1942 cm"1 in hydrocarbon),
In the $M.C-0 region the spectrum of CpMn(CO)3 in MTHF at
room temperature shows a band at 665 cm~1 with a shoulder on

1

1 and another band at 636 cm .

the high frequency side at 671 cm™
Both are fairly broad and about one fifth as intense as the E
142

CO stretching band and are assigned to A1 and E §M~C-0 motions™

The origin of the (71 cm~1 shoulder is not clear, but the 665 cm_1

band is assigned to an Al mode as 1t is close to a polarised
-1 140 .

Raman band at 670 cm . On cooling the two bands gradually

sharpen, but around 170K major changes begin to take place and

by 108K the 672 — component of the higher frequency band

becomes the more intense, while the low frequency band splits

-1 .

into two components at 643 and 638 cm (fig. 5-2).

The effects observed in both regions of the spectrum are
consistent with coordination of MTHF either to the metal or teo
a CO group. The lowering of both CO stretching frequencies,
which is much more dramatié than the corresponding effect in
Fe(co)s or M(CO)6 in MTHF, suggests that coordination is
probably to the metal. Compounds with four other ligands and
cyclopentadiene bonded to manganese (as Mn(II) ) are well known
13§ and references therein), and coordination of a

(see ref.

basic ether to Mn would be expected to increase the electron

density on the Mn and so cause a lowering of both CO stretching
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frequencies. A CpMn(CO)s(MTHF) compound will have a maximum
symmetry of CS and three i.r. active CO stretches, two of which
correlate to the E mode of CpMn(CO)8 and are probably similar

in frequency to it, In the §M-C-O region the E mode at 636 cm"1

1

will also be split into A' and A" components (643, 638 cm ).

1

The A, mode at 665 cm © will correlate directly with an A' mode

(668 cm_l) and the inactive A, mode. correlates with an A" mode

2
which is probably responsible for the band at 672 cm Y The
shoulder at 671 cm"1 in the room temperature spectrum may well
be due to the A2 mode being weakly activated by coordination of
MTHF or it may be due to the corresponding A" mode of
CpMn(CO)2(13CO). Adams and Squire140 observed a band around 670
cm-1 in i.r. spectra of solid CpMn(CO)3 and in spectra in CS2
and 626k4 solution, but did not comment on its origin,
MeCpMn(CO)3 in MTHF showed similar changes in the spectrum, in
the CO stretching region at least,

Photolysis of CpMn(CO)S(MTHF) would be expected to give
CpMn(CO)g(MTHF) and CO as primary products, However, irradiation
at 77K with unfiltered or QG 305 filtered light produced four

new bands, the frequencies of which are listed in table 5-2.

The same four bands were produced in apparently the same
relative intensities over a range of concentration of starting

material from 5x10"3M to O0.1M. A similar set of bands were

also observed for MeCpMn(CO)3 in MTHF after photolysis. The

relative intensities of the bands are impossible to measure in




Table 5-2: Frequencies of CpMn(CO)3 and MeCpMn(CO)3 and primary

photolysis products in MTHF and 4:1 mch:ip+5% THF.

Compound MTHF 4:1 mch:ip+5% THF
293K 77K 293K 77K
CpMn(CO)3 A1 2021 2011 2032 2021
E 1932 1915 1948 1922
CpMn(CO),L  A' 1925 igig ——- igig
S
MeCpMn(CO)3 A1 2020 2015
E 1939 1927
MeCpMn (CO), L A' -—-- 1057
A" 1850 iggg
*# band masked by E band of parent.

e
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pure MTHF because of overlap of the new bands and overlap of
the bands around 1930 cm-1 with the E band of the parent
tricarbonyl.

Photolysis was very slow compared to M(CO)G/MTHF and Fe(CO)5
/MTHF systems and irradiation times of around 3h still did not
produce complete photolysis of starting material. Photoreversal
was not observed. The low rate of photolysis may be due to u.v.
absorption by the very intense cyclopentadienyl ring transitions
which do not lead to CO 1loss.

Experiments in mixcd 4:1 mch:ip/THF and 4:1 mch:ip/MTHF
glasses showed similar effects in the CO stretching region on
cooling, but the shifts observed are less than those observed
in pure MTHF (see table 5-2), Again photolysis with unfiltered
or WG 305 filtered light produces Poﬁr new bands in similar
relative intensities to those observed in pure MTHF, Surprisingly
photolysis was faster than in pure MTHF and complete photolysis
could be achieved after about 90 min irradiation with unfiltered

-1
light. In the THF case a further band at 1768 cm due to a

secondary photolysis product was observed.

Two band patterns of the type expected for CpMn(CO)gL
compounds are observed on photolysis of CpMn(CO), or MeCpMn (CO) 4 E

in THF., MTHF, or hydrocarbon solutions of these at room temperaturJ
H] ’ |

| =

or 195K, and, on glass softening, the four bands observed in
» ’

!
the glass collapse to similar two band patterns. These %j
|

observations can be explained if the species generated by
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primary photolysis is in fact CpMn(CO)Q(MTHF), but rotation
about the Mn-O bond is restricted in the glass. Restricted
rotation about theiMn—S bond in CpMn(CO)g(THT) (THT=
tetrahydrothiophene) has been observed by Butler in solution
spectra and the barrier to rotation has been estimated at around
- 0.8 Kcal/mole 14? However, it seems that in this case rotation
about the Mn-O bond is virtually free at 100K and that it is
~only hindered at 77K by the rigidity of the glass medium,.

As can be seen from the spectra (fig. 5-3) there is one
preferred rotamer and another minor form. The preferred form
is probably isomer (B) (see fig. 5-3) which is less sterically
hindered. 1In CpMn(CO)Q(thioether) complexes Butler assigned
the lower frequency, more intense set of bands to an isomer
similar to (B) on the basis of the résults of experiments with

180 substituted molecu1e814§ The fact that the high energy

- C
conformer is not converted to the more stable form on prolonged
photolysis or irradiation with low energy light is consistent
with Burdett's view that local lattice softening does not take
27 i id bl
place during photoreversal , There is, however, a considerable
difference in the frequency splittings between isomers

1

observed here (between 20 and 30 cm ~) ani those observed by

-1
Butler for CpMn(CO)Q(thioether) (between 7 and 10 cm ~) and so

it is possible that the two types of isomerism are not

analogous.

The difference in behaviour of CpMn(CO)./THF in 4:1 mch:ip




Figure 5-3: Rotamers of CpMn(CO)g(MTHF) and spectrum of CpMn(CO)3

in 4:1 mch:ip+5% MTHF after 60 min unfiltered i radiation
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from the other systems supports the view that the isomerism is
rotational, In that case the bands of the less favoured isomer,
especially the higher frequency band, are much broader than the
corresponding bands in MeCpMn(CO)s/THF and the MTHF systems,
probably because they are composites of several bands belonging
to a range of rotamers, i.e. rotation is less hindered in that
case, but there is still a preferred form, In 4:1 mch:ip
containing 5% THF (i.e., around 0.4M in THF) there is evidence
for association of a second THF with CpMn(CO)S(THF) since, even
after 3O min irradiation at 77K, CpMn(CO)(THF)2 (band at 1768 cm'lf
is observed, and the high frequency bands of the two isomers
observed at 77K (1942, 1916 cm_l) are much lower than the
corresponding band observed at room femperature. In CpMn(CO)s/
MTHF in 4:1 mch:ip at 195K the corresponding band was observed
at 1925 cm—l, probably indicating coordination of a second MTHF
to CpMn(CO)z(MTHF). However, further substitution of CO was not
observed in this case, presumably because formation of CpMn(CO)
(MTHF)2 would be difficult for steric reasons.

Another possible reasdn for the appearance of two extra
bands on photolysis in the glass is that there is interaction
of CpMn(CO)g(MTHF) etc., with ejected CO and that the new bagds
are due to CpMn(CO)g(MTHF)...CO. This is unlikely, powever,

since the two bands in question disappear around 90K when there

is still a band due to uncoordinated CO visible, and the bands

eappear on cooling to 77K. It is not clear whether the changes
rea

in spectra occurring on warming from 77 to 90K are truly
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reversible since the bands due to the less favoured isomer
of CpMn(CO)Q(MTHF) etc. are very weak. To determine whether the
changes are completely reversible spectra would have to be run
on a spectrometer with better resolution and facilities for
ordinate expansion so that meaningful relative intensities
could be estimated., (This work was carried out on a PE 457,)

Photolysis in the Presence of Other Potential Ligands

CpMn(CO)3 was photolysed in hydrocarbon glass in the
'presence of CS2 and COQ.

(A) Carbon Disulphide: As was mentioned earlier CpMn(CO)Q(CSQ)

is thought to be an intermediate in the formation of CpMn(CO)Q(CS);
from CpMn(CO)g(olefin) in 082 solutidnlg? where the reaction is
thought to be initiated by loss of olefin to give CpMn(CO)2.
Thus it is likely that if the specieé generated by photolysis
in hydrocarbon is in fact CpMn(CO)2 a similar CpMn(CO)g(CSQ) »
compound would be formed by photolysis in the presence of CSQ.
CpMn(CO)3 was photolysed in 4:1 mch:ip containing 10% 082 %
(by volume) (i.e. approx 1M in CS,; approx 1072M in CpMn (CO) ).
On cooling to 77K the bands in the spectrum showed the expected
broadening due to pre-photolytic interaction, although the
frequencies observed, 2027 (Al) and 1938 (E), were similar to
those observed in the absence of CSQ. An expanded spectrum ?,
showed that both bands were asymmetric after cooling, indicating
that there must be more than one species present, Photolysis

with unfiltered light for 60 min followed by PhOtOlysis’with

WG 305 filtered light for 60 min showed production of a small
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amount of CO together with a reduction in intensity of the
tricarbonyl bands and a slight shift of the E band to 1935 cm~1
A very weak band was also observed at 2045 cm'l and there was
a slight reduction in intensity of the CSQ overtone band observed
at 2179 cm_l. Incidentally, this band at room temperature is
considerably broader with a shoulder on the low frequency side,
probably because the 082 is rotating in solution causing the
S5-C~S stretching band and its overtones to have P-R branch
structures, In the glass, however, rotation is not possible,
During warm up a shoulder developed on the low frequency side
of the CpMn(CO)3 band at 2021 cm_1 and at least two broad bands
appeared in the 1930-190" em™1 region. These changes occurred
gradually between 100 and 165K. Abové this temperature all
bands except those of the parent triéarbonyl gradually
disappeared, but by no means all of the CpMn(CO)3 in solution
was regenerated on warm up to room temperature,

CpMn(CO)2(C52) was possibly generated in this experiment,
but there was no positive evidence for its existence, The 2045
cm_lyband is at a high Ereduency for a CO stretch in a neutral
CpMn(CO)3 derivative and could well be due to coordinated CS,.
The warm up experiments were probably confused by CpMn(CO)8
coming out of solution., However, there was also no evidence for

the formation of CpMn(CO)2 (or CpMn(CO)Q(alkane) ) in this

system,

(B) Carbon Dioxide: CpMn(CO); was photolysed in the presence of
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both wet and dry COQ. The results were different in each case
and the 'wet' system will be discussed first., A degassed
solution of CpMn(CO)3 (about 10-3M, in 4:1 mch:ip) was added
to card-ice and a sample of the resulting CO2 saturated solution
was removed at about 0°C and transferred to a sealed VLT-2 cell,
At room temperature the spectrum showed a CO2 stretching band
at 2340 em~ ! and the normal CpMn(CO) . spectrum. On cooling to

77K the CO, band sharpened slightly and shifted to 2342 em™1

and a 13co2 band at 2282 cm ' became visible, while the A, band

of CpMn(CO), shifted to 2025 em™! and became slightly broader
and the E band shifted to 1922 cm ' and became broad and flat
topped. Irradiation with unfiltered light caused production of
CO, a shift of the top of the 'E' band to 1915 cm-l, and the
appearance of a new band at 1835 cm-i. Warm up experiments showed
a tremendous increase in the intensity of the 1835 cm—1 band
around 123K, but by 165K it had almost disappeared. A band at
1722 cm_1 was also observed around this temperature, although it
may have been present at lower temperatures. Around 165K the
CpMn(CO)3 bands were considerably broader than at 77K and on
farther warm up showed a gradual sharpening until by about 250K
they were as sharp as at room temperature, However, there was
-1
a shoulder on the low frequency side of the E band at 1935 cm
and the 1835 cm"1 band (which had shifted to 1817 cm_1 by room

temperature) and the 1722 cm-1 band persisted at room temperature,

and there was by no means complete regeneration of CpMn(CO).,
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The 1835 and 1722 cm-1 bands also sharpened considerably on

warm up.

From the effect of cooling on the CpMn(CO)3 bands there
is obviously association of either CO2 or water or both on
coolipg, and it appears that loss of CO from CpMn(CO)3 is a
photoreaction taking place in the glass, CO2 does not absorb
in the near u.v.; so photoreactions of CO2 with solvent are
unlikely. 1835 cm"1 is around the frequency expected for a C=0
absorption in carbonic acid. This, however, could not be
observed in the i.r. spectrum of COQ in aqueous solution at
room temperature14? 1722 cm-1 on the other hand is a frequency
typical of a ketonic C=0 absorption. There many possibilities
for the reactions which may be taking place, e.g. C02 could be
reacting with HQO to give carbonic aéid at a CpMn(CO)2 centre,
or COQ could be substituting into the cyclopentadiene ring,
Both these processes would be consistent with a First step of
coordination of 002 to CpMn(CO)2 through 002 oxygen, thus
making the C02 more acidic at carbon.

The reactions observed using CO2 from a cylinder dried by
passing through a P205 column and handling solutions away from
air were different, The room temperaturg spectrum of the
starting solution was similar, but on cooling to 77K the CO2
band split into two components at 2355 and 2342 cm—1 and although

the E band of CpMn(CO), was broadened it had a considerably

different shape from the corresponding spectrum in the wet CO2
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case. Irradiation for 75 min with unfiltered light produced
bands similar to those of CpMn(CO)2 produced in hydrocarbon in
the absence of CO, (1955 and 1886 em 1) and two new bands in
the CO, region at 2362 and 2290 cm 1, As in the case of wet co,
the system is not yet understood and many more experiments are
necessary. However, any system in which CO2 is modified
photochemically, through coordination to a photolysis fragment
or otherwise, is potentially interesting,

Cyclopentadienyl Manganesedicarbonylthiocarbonyl

A sample of CpMn(CO)g(CS) (provided by I.S. Butler) was
photolysed in 4:1 mch:ip. It was thought that this compound
would show stepwise loss of CO to give CpMn(CO)(CS) and CpMn(CS)
since CS is a better = acceptor and élso heavier than CO., A
solution of 1.1x10'2M CpMn(CO)Q(CS) showed two i.r. bands at
2010 and 1962 cm™) which shifted to 2008 and 1955 cm™* on
freezing to 77K, On irradiation with unfiltered light one new
band at 1940 cm"l, presumably due to CpMn(CO)(CS),and CO were
produced, Fast warm up to +30°¢C (over about 10 min) did not
show complete regeneration.of starting material, and showed a
weak band at 1995 cm'1 which is the frequency of the CO stretéh

26

1
in CpMn(CO)(C5)," .

Conclusion

As in the other systems investigated the predominant_

photochemical reaction of CpMn(CO)3 in glasses is CO loss. It
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might be expected that there would be less relation between
this behaviour and the behaviour in room temperature solution
photochemistry than there is in other, all carbonyl, systems
because of the possibility of reactions of the cyclopentadiene
ring since ring transitions are important in the u.v. spectrum.
However, the room temperature work in greases shows that the
same processes can take place at room temperature, and the
results of preparative chemistry (e.g. ref. 135 and references
therein) show that they almost certaiqu do. Irradiation in

the presence of MTHF, CSQ, and C()2 showed that similar
association of carbonyl and potential ligand to that observed
in hexacarbonyls and Fe(CO)5 can take place, and the magnitude
of the shifts in the MTHF case shows’that the strength of the
association is probably greater in this case, There is still
room, however, for a systematic study of the photolysis reactions

of Cp.’i’in(CO)3 in the presence of potential ligands, and the

reaction in the presence of COQ. wet and dry, should be

investigated further.
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Introduction

The glass photolysis experiment obviously needs specialist
apparatus different from anything commonly used in preparative
chemistry or room temperature spectroscopy. A basic technique
had been evolved by M.J. Boylan in this department using
modifications of commercial apparatus and this technique was
further developed in the course of this work. Details of various
aspects are described in sections B to E of this chapter.

Experiments were always conducted on a very small scale
(as litt1e<as 5x10-7 moles of starting material being used)
and the concentrations of solutions used to form glasses (~1O-2M)
was of the same order as the concentration of impurities in
commercial ‘pure' (e.g. Analar grade‘) solvents, and also of the
same order as the solubilities of N2 and O2 in hydrocarbon
solvents at atmospheric pressur859 Fortunately, not all the
impurities in the solvents affected the reactions, For example
the methylcyclohexane used contained up to 1% n-heptane (from
g.l.c. results), but addition of more heptane did not seem to
affect photolysis results, énd although nitrogen must have been
present in almost all the glasses used no N2 complexes were
detected, However, some impurities had to be removed, e.g.

toluene from methylcyclohexane. Often impurities had no effect

on reactions in the glass because the chances of an imburity

molecule and a molecule under examination being trapped in the

same site in the glass are very small unless there is some
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interaction between them in the solution before freezing, but
impurities became apparent when they interfered with reactions
during warm up. An example of this was observed when traces of
water, which are almost impossible to remove from stainless
steel apparatus, reacted with group VI pentacarbonyl fragments
after glass softening, Details of purification proceedures are
given in section A,

The following sections A to E outline the general
experimental proceedure used in this work. Where specific
techniques/were employed to overcome problems of a particular
experiment, they are described in detail in the chapters where

the results of the experiments are discussed,

A) Preparations and Purification of Reagenzi

i) Hexacarbonyls: Hexacarbonyls of cgromium, molybdenum, and
tungSten were obtained commercially and were normally used
without further purification. On some occasions these materials
were vacuum sublimed before use, but this was found to have no
effect on their spectra or the photolysis results,

ii) Pentacarbonyl iron: Solﬁtions of Fe(CO)5 were made up by
distilling commercial Fe(CO)5 into the chosen solvent on a
vacuum line, Concentrations were estimated by i.r. and the
solutions were stored in a refrigerator at 0°C until use.

iii) Cyclopentadienyl manganese tricarbonyl: CpMn(CO)s was

purified by vacuﬁm sublimation before use: commercial MeCpMn(CO)3

was used without farther purification.
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iv) Monosubstituted hexacarbonyls: A number of standard methods

21,51,5? nd

are available for the preparation of these
preparation was normally carried out on a O.1g scale by the
indirect method of treating the pentacarbonylchloride anion
with the chosen ligand and aluminium trichloride in methylene
chloride solutionsg This method was found to be the most
convenient on the small scale used,. but direct thermal methods21
were found to give better yields on a larger (2g) scale.
Pentacarbonylchloride anions were prepared as their
tetraethylammonium salts from the hexacarbonyls by the method

of Abel et 31.53 The indirect photochemical method using a THF

complex as intermediate51 was not found to be particularly
successful, producing a crude producf which was contaminated
with large amounts of starting hexacarbonyl, the removal of
which was very time consuming. Purification of the product was
usually achieved by chromatography on an alumina column (30 cm
x2 cm) using 40-60 pet.-ether as eluant, except in the case of
tribalophosphine complexes where vacuum sublimation was used.
The purity of the productsﬂwas checked by i.r. and the complexes
were usually photolysed immediately after purification. Complexes
which were stored were kept in a refrigerator at OOC. or under
dry nitrogen in the case of halophosphine ligands.

' v) Disubstituted hexacarbonyls: These were prepared by thermal

. 21 o . .
reactions according to the methods of Milne | Purification again

Qas by chromatography on alumina using pet.-ether as eluant,
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vi) 2-methyltetrahydrofuran (MTHF): MTHF and THF were distilled
off CaH2 under dry nitrogen and stored under nitrogen until use
or distilled off potassium with benzophenone present as a
moisture indicator, The latter method was not used for MTHF
which would be used as glass forming solvent because of the
danger of contamination of the distillate with benzophenone,
vii) Hydrocarbon solvents: Methylcyclohexane and isopentane
were stirred over conc. sulphuric acid for several days to
remove aromatics, and were then washed with water, sodium
carbonate solution, and water again and dried over MgSO4 before
being passed through a silica gel column to remove traces of
olefinics and stored over MgSOA. Purity was checked using u.v,
spectroscopy. When particularly dry éolvent was required, it
was distilled off fresh Na wire on a vacuum line,
viii) Carbon disulphide: Copper dust was used to remove
inorganic sulphides, and then CS(2 was distilled under nitrogen,
ix) Phosphine ligands: Liquid phosphines were redistilled under
vacuum before use. Commercial P(p-C6H4CH3)3 was used without
further purification, Tricyclohexylphosphine was recrystallised
from a pentane-toluene mixture under a nitrogen atmosphere and
stored under dry nitrogen. Bromo and chlorophosphines were
found to react with or dissolve every greas" available (silicone,
Apiezon L,N, 101, and Kel-F) and so Kel-F wax was used. However,

this still reacts slowly with these compounds,
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B) Low Temperature Cell Construction

Most reactions were carried out by photolysis of a glass
in situ in an i,r; cell. The apparatus most commonly used was
a Beckmann-RIIC VLT-2 variable temperature i,r. cell with a
few modifications. This consists of a sealed solution cell on

the end of a hollow metal stalk which is encased in a metal

jacket which can be evacuated (fig. A-1). Cooling is achieved
by pouring refrigerant into the metal stalk. Thermocouples
were made from chromel and alumel wire and calibrated with ice,
solid C02. and liquid N2, and the temperature was monitored
using these in conjunction with a Beckmann TEM-1C temperature
controller, Liquid nitrogen was the normal refrigerant used

and it was found that the thermocoapie (in direct contact with
the metal part of the sample cell) Qould register a temperature
of 77K within 10 min of cooling beginning, The electric cell
heaters supplied with the VLT-2 were found to be completely

inadequate (at least around 77K) and were removed. A reproducible,

though not a linear rate of warm up could be obtained simply by

emptying the liquid nitrogén out of the stalk, This gave an

. =1 .
initial rate of warming of about 5 deg min ~, but this gradually

slowed until room temperature was reached after about 65 min,

Very fast warm up (~3 min) could be achieved by a flow of hot

water through the stalk, The main disadvantage of the VLT-2

was the tendency to develop leaks in the seals between the

j r
stalk and the jacket and between the jacket and the oute

o of the inner cell windows during long

windows causing mistin
4 . E




Figure A-1: Diagram of VLT-2 jacket and cell holder,

outer

A

1

to vac.

pump

Araldite seal for thermocouple

I/

i

—

window

and

seals”
"L

e’

LT

N

metal jacket

stalk for refrigerant

cell holder

|

aluminium radiation shield



=150~

photolysis runs. To try to overcome this problem and to allow
inner windows made of hygroscopic materials to be used special
cells with glass outer jackets and stalks were constructed
(see fig. A-2). These were designed for use with KBr inner
windows and so cooled very slowly (>60 min to reach 77K), but
could hold a vacuum of ':’»)(10_4 torr, while the commercial VLT-2
jackets could be evacuated to ~1O—2vtorr at best,

Samples were injected into the cells as solutions at room
temperature and the cells were then sealed, placed in the
jacket which was evacuated, and then cooled so that the solvent
formed a glass, The Beckmann FH-01 cells used consist of a

stainless steel body encasing lead or teflon gaskets and spacers

and two i.r. transmitting windows., A typical arrangement of

gaskets and spacer is shown in fig. A-3. Either lead or teflon

spacers and gaskets could be used to give a reasonably vacuum
tight cell, Teflon was usually used for the front gasket and
spacer which come in contact with the sample solution and several
lead gaskets were used behind the windows as these distorted
on overtightening before any damage to the windows occurred,
The nature of the window material will be discussed in section
D of this chapter,

Spacers were normally 0.1 mm in thickness, although on

0.5, and 1.0 mm spacers were used., A 0.1 mm

. 3
spacer gave a total cell volume of approximately 0.01 cm,

occasion 0.25,

but

to allow for wastage in cell filling at least 0.05 cm” of



Figure A-2: Diagram of glass cell holder and jacket.
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-151-~

solution had to be used (normally about 0.5 cm3 was used as the
syringe and cell were flushed with sample solution before use),
This means that using a 1072w solution as little as 5x10~’ moles
of starting material are required to carry out a photolysis
experiment and the actual amount of material photolysed is less

-7
than 10 moles.

C) Photolysis Conditions

The source of u.v. light in all photolysis experiments
was a Hanovia medium pressure mercury discharge lamp which
emits 25.18 watts over a wavelength range of 240 to 1367 nm with
the main output in the near u.v. (38% of the output betweecn
280 and 370 nm). The amount of light reaching the sample was
not reproducible because oFf absorptidn and scattering by impurities
in the cooling water, principally Fe203 particles, but the
performance of the lamp was monitored regularly by photolysis
of standard samples of Mo(CO)6 in 4:1 mch:ip -- complete
primary photolysis could normally be achieved in about 35 min
using light A>305 am. No attempt to measure the intensity of
the lamp accurately was madé. The quartz parts of the lamp were
cleaned as necessary first with dilute nitric acid to remove

Fe, O then with water and Decon 90. Discharge tubes were
273"

replaced after about 600h burning. Samples were placed about

10 cm from the lamp in an aluminium box with a shutter between

the lamp and sample to allow timed runs to be mgde.
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Two types of light filters were used: (i) upper energy
cut off filters in the form of glass squares (14 in x 14 in)
were obtained from Chance-Pilkington Ltd. or H.V. Skan Ltd.
and characteristics of these filters are shown in fig. A-4
(ii) interference filters transmitting approximately
monochromatic light were obtained from H.V. Skan Ltd. or Barr
and Stroud Ltd. Characteristics of some of the Jlatter are also
shown in fig. A-4, It should be noted that since monochromatic
filters transmit only 20-25% of the incident light at their
maximum transmission frequency, photolysis using these filters
is very slow, In the preceeding chapters filters are referred to
only by their trade names (see fig. A-4), In all cases filters
in use were fitted to the outer windéw of the VLT-2 between the
lamp and sample., The other outer window was blocked to give
reproducible conditions of reflection inside the VLT-2 jacket,
The window materials used: calcium fluoride, synthetic sapphire,

and potassium bromide all transmit almost 100% of u.v, and

visible light.

D)'Infrared Spectra

I.r., spectra were normally recorded on Perkin-Elmer 457 or

1 1

above 2000 cm” ~ and +1 cm~

577 spectrometers, accurate to +2 cm

-1
below 2000 cm—l. For specially accurate spectra (#0.5 cm ) a

Perkin Elmef 295 was used, and for spectra where bands occurred

on or very close to 3000 cm“l a PE 257 on Range 1, i.e, with
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no grating change at 2000 cm™* but a consequent loss éf
resolution below that frequency, was used. Spectra were
calibrated using CO gas or the atmospheric water vapour bands
at 1942.6 and 1918 cm-l. The wavenumber marker on the 577
spectrometer was used as calibration on spectra where the x5
scale expansion was employed, but the accuracy of this marker
was regularly checked against the 1942,6 and 1918 cm"1 water
vapour bands,

One of the major problems in this work was the choice of
a suitable material for the inner windows of the low temperature
cells. The required material must transmit i.r. (preferably

1

over the whole range 4000-250 cm "), stand repeated cooling to

77K, be reasonably hard to permit thé building of leak tight
cells and not to distort as the metal of the cell_body around
it contracts, and transmit u.v.,/visible light. Table A-1 is a
comparison of the relevant properties of commercially available
i.r. transmitting materials., None of the materials is ideal,
Synthetic sapphire (a form of alumina) was chosen as the best
available material, althouéh it had the serious disadvantage

of absorbing below 1900 cm—l. Spectra were still obtainable

down to about 1700 cm-1 (see fig. A-5). Sapphire was found to

be almost immune to thermal shock, hut would occasionally crack

on receiving a mechanical shock. Windows manufactured 1in

different batches were found to vary slightly in thickness and



Fipgure A-5: Infrared spectrum of sapphire (1 mm path length)

in the 2000-1200 em~t region,
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Table A-1: Properties of i.r. window materials,

Material Useful Lipht absorbing Susceptible Rigid?

range (yes/no) to thermal

(cm-1)

shock?

NaCl 4000-600 no yes yes
KBr 4000-400 no yes no
CsBr 4000-250 no no no
CslI 4000-150 no no no
CaF2 4000-1000 no ' yes yes
AgCl 4000-550 yes no no
KRS-5 4000-250 yes no no
Sapphire 4000-1800 no no yes
(A1203)

Entries in the 'Light absorbing' column refer to absorption of
u.v. or visible light, and entries in the frigid' column refer

to whether the material distorts during use in an FH-01 cell

at 77K or not.
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this is reflected in some of the spectra where the base line |
deviates below 1900 cm-1 because slightly thicker windows were
used in either the sample or reference cell,

Another practical difficulty was cell matching. Although
it is easy to match cells at room temperature. the changes
which occur on cooling can easily cause mismatch, If any gas
bubbles are included in the cell during filling these will not
necessarily float to the top as normally happens in solution
cells, but may well be included in the glass in the centre of
the cell and hence 1lie in the path of the i.r. beam., This is
particularly important where a cell containing a glass
containing photolytic fragments and CO is allowed to warm up
beyond glass softening temperature and is then refrozen. A mass
of tiny bubbles will then often appear in the cell and the actual
amount of solution in the i.r. beam will be considerably less
than the amount of solvent in the reference cell. Another
reason for mismatching of cells on cooling is the difference in
degree of contraction between sample and reference cells, but
this seems to be of 1ittle’importance when 0.1 mm spacers and

sapphire windows are used. However, in an experiment using

KBr windows, the windows distorted so much during cooling that

"the spacer size had to be increased to 0.25 mm before meaningful
spectra could be obtained.

Since synthetic sapphire windows were used only the CO
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stretching region of the spectrum was normally observed, but |
even in gas matrix isolation studie325 where other regions of
the spectrum were examined most useful information was obtained
from the CO stretching region, As CO stretches are very strongly
i.r, active, observation of them alone allowed work with much
more dilute solutions than would have otherwise have been
possible and so a much better chance of isolation in the glass.

It is important to note that the glass forming media themselves
absorb in the CO stretching region. Methylcyclohexane has a
number o” vibrations associated with deformations of the
cyclohexane ring which produce a number of weak sharp bands in
the 2200-2000 em~ 1 region, and overtones of C-O stretches in
MTHF also produce bands in this regioﬁ. To overcome this a
reference cell containing pure glass at the same temperature
as the sample cell was always placed in the reference beam of
the spectrometer, This allowed the observation of several weak
bands not previously seen by workers using reference cells at
room temperature, Althoupgh there is bound to be some loss of
resolution inherent in this.technique of using two cells in

sample and reference beams, the spectra obtained are certainly

better than those obtained by workers using glass formed by

depnsiting sodution on a single, cooled CsBr window and not

54 , .
i ' 2 solution 1is
attenuating the reference beam  , and the re

comparable with somey though by no means all, gas matrix isolation
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workss.

A further advantage of sapphire as a window material is
its high thermal conductivity relative to alkali halides. This
allowed very fast cooling of samples and meant that, although
sapphire absorbs most of the i.r. radiation in the spectrometer
beam below 1700 em™ 1, there was very little heating of the
windows while low temperature spectra were being recorded. No
temperature increase was recorded by a thermocouple in direct
contact with the windows over a period of 10 min in the
spectrometer beam with a cell at 77K.

In one experiment a germanium filter about 2 mm in thickness
(made by Glasgow University Electrical Engineering Department)
Qas attached to an outer window of the sample cell to remove
the visible part of the i.r., spectrometer beam. This filter
transmitted about 50% of the i.r. radiation over the range
examined and the attenuation of the reference beam required to
compensate for its inclusion caused a considerable loss of
resolution in the spectra. A similar result was observed in an
experiment using a KRS-5 filter,

The pbeviously mentioned tendency for the VLT-2 vacuum

jackets to develop leaks which allowed condensation of water

on the inner windows was, rather surprisingly, not found to be

a serious disadvantage in recording i.r. spectra. Water has no

-1 .
strong absorptions in the 2200-1700 cm region and the amount

of scattering from a thin water film seems to be minimal.
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However, condensation of water on the outer,Acalcium fluoride,
windows had a much greater effect on the i.r. transmission,
presumably by causing increased scattering,

E) Ultra-Violet and Visible Spectra

These spectra were recorded using a Pye-Unicam SP 700
spectrometer modified to hold a VLT-2 unit in the sample beam,
Air was used as reference throughout., The same cells were used
for both i.r. and u.v, spectroscopy as CaF2 and synthetic
sapphire are both transparent in the region examined (185- -
700 54 i). The condensation of water on the inner windows was
found to be a much more serious disadvantage in recording u.v
spectra and so for detailed u.v. studies it would be advisable
fo use some purpose built low temperafure apparatus rather than
a VLT-2, Another practical difficulty was the choice of
suitable concentrations. Because of the great difference in
extinction coefficients between charge transfer and d--d
transitions, two samples of different concentration had to be
used to obtain the complete spectrum of each species, and the
concentrations required toAbring the strongest charge transfer
bands on scale at 0.1 mm path length (~1O_4M) were so low that

meaningful i.r. spectra of these solutions or glasses could

not be obtained,

Since charge transfer and d--d bands occur in the same

region of metal carbonyl spectra and in many cases the spectra

imi ra, in
of photolysis products were similar to the parent spect
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many spectra individual bands were impossible to pick out and
so very little meaningful information cculd be obtained from

u.v. spectra,
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