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SOME TRANSITI}ON METAL CARBONYL COMPLEXES

By

Dawn Agnes Johansson

. ABSTRACT

¢

-

INFRARED INTENSITIES OF THE CO STRETCHING MODES OF

The work in this thesis constitutes an additional study of the

L4
infrared intensities of the carbonyl stretching absorptions of transid
tion metal carbonyl complexes. CQ-intensity data are reported for the

following complexes: Cr(‘(x))6. (Cyr:lohapt.atr:!.ena)M(m)3 and (Bicyclohepta-

diene)M(c0), (i = Cx, Mo, W), f_g._g.j-ﬂo(m)B[P(CéHS)B_xmx]) (x = 1-3),

cis-tin(00),LBr (L = P(CgHg)qr A8(Cglc)s, Sb(C6H5)3_|. n-mzsu,‘zm(oo)3

(R = H, c113). and n-csﬂjnn(oo)zﬁ.

"

investigation of the 0- and T-bonding abilities of the various ligands

The integrated intensity results are used as a basis for a further

in these complexes., The first measurement of the infrared intensity

of a thioccarbonyl stretching mode in a metal thiocarbonyl complex,

ﬂ-CSHSMn(CD)ZCS. is also reported.

. " b
Master of Sclence Degree

rch, 1974

Q

3

Department of Chemistry
\n}mu University
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INFRARED INTENSITIES OF THE CO STRETCHING MODES OF
f SOME rmsmc{n ETAL CARSONYL COMPLEXES '
By y
_ Dawn Agnes Sohansmn

-

RESUME . Co ~

- Le contenu de cette. thise est une étude addition:elle des Antensités
d'absorption par élongation, en apogtroscopio infrarougd, dés groupes
carbonyles des complaxes carbonylés ~des nét:ux de transition. Les
valeurs des 1ntena'1tés, 0 ont été déteminéeQ pour les complexes
sulvants: Cr( (X))é, (Cyc:lom»pt.a,tmono)M(m)3 et (Bicyclo?xophdioni)i
M(c0j, (¥ = Cr, Lo, W), rac-ro(m)aLP(%cixjj (x = 1-3),
cis-Mn(OO)uLBr lL = P(CGH )3. As(CH )3. su(t;6n )3J n-RC ||“nn(co)3
(R ':xN:n ), et T-CgHMn(00),CS. ¥
sulta‘t,s obtenus par intégration des lntem}us servent de

'} 1

1'étude des posaibilités qu'ont les 1laisons 0 et T de former

différents ligands chez ces complexes. la premidre mesure de 1'1ntomit6,

thi carbonyle du complexe métallique thlocurbonylé. n-C nsnn(corzcs. .

2

Masatier of Science Dogroo{" , Dq;uruont of Chemistry
ch, 1974 : McGill University .
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Chapter 1. > ¥y

F

INTENSITY OF AN INFRARED ABSORPTION BAND

General

' -

Every distinct infrared absorption band is characterized by the
frequency at which maximum absorption occurs and by the integrated
absorption 1nteﬁsity. Roth band cﬁaracterlstics are related in a
fundamental way to the electronic propertles of the molecule and conse-
quently provide very useful information concerning molecular'properties.1
However, although absorption frequeﬁkies of molecules have been studied
extensively, absorption intensitles have recelved comparatively little
attention. This apparent lack of 1nte;est in abso;ption intensaity
studies is due largely to the difficultiés and tediousness of the exper-r
imental procedures and to ths theoretical prgblema encountered in the
interpretation of results. Howeve;. now that high resolution infrared
spQEtrophotometers with linear absorbance facilities have become
generally available, the practical difficulties, at least, have been
minimized. bonsequently. as predicted by Brown1 in 1958 in his review

of infrared intensities, much more work has been carried out in recent

L]
»

years.

According to the classical model, a molecule consists of a set of

by

point masses connected to one another by a set of elastic forces. The
systen is considered to undergo vibrational motion in accordance ui%:
the laws of -echanics;2'3 the 3N-6 vibrational degrees of freedom (3N-%

for a linear molecule) of an N-atom molecule are termed the normal wodes.
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?“:‘. If the vlbrational notion associated with a normal vibration produces 54
& porlodic shift in charge distribution and thias -hlft Tosults in a | W
change in molecular dipole moment, the vibration is said to be infrared-
active. Since any vibrational motlon of the molecule can be resolved
as a superposition of the normal vibfitions. the frequency at which the
absorption occurs is the normal vibration frequency, and the intensity
»

of the absorption is the intensity corresponding to the normal

vibration, 1

Expressions for Band Intensity

v
The true integrated absorption intensity of an infrared absorption

th

band, A, -corresponding to the i~ fundamental vibrational transition,

is defined as

= Jpang® 1)V = 'ilfjbaml“('i'g)v‘{v ¢Y

where osv(i) is the adsorption coefficient of the band corresponding to

the f“‘ normal vibration at frequency v, Io‘; and Iv are the incident

and transmitted intensities of nonc;chromtic radiation of frequency v,

¢ is the concentration 3’1‘ solute 1n mOles liter ’1. tnd 1 18 the cell ]
path length in centimeters. Such a definition follova readily from the o

well-known exponential law of absorption,

I = Ig e %ol (2)
v v
: .- \
} The absorption intensity is related to the polar properties of a
‘ molecule through its direct proportionality to the square of the
\1
molecular dipole moment dorivyuvoz
v‘;~ 3
’ ' Nwe,d
% | frana®(110= 23 [(;g—l)of (3)




where N is the number of uochulos per unit volume of sample, ¢ is the

velamity of 13mhs and §, 36 She normel eo-ordinate for the 1" vivmsten,
The vector p is the nolecular,dipélo moment and (bu/?Qi)o 1s its rate ~
of change with respect to Q. The quantityl(aulaqi)o, the molecular
dipole moment derivative, is ovaluated at the molecular equilibrium \
configuration. This equation expresses the loaaurnd.iniohaitles in
terms of the normal co-ordinates of a molecule, In order to interpret
the intensities in terms of bond properties, one must reduce the dipole
moment derivatives, (au/anl)o. to quantities which are characteristic
of individual bonds, The difficulties encountered in such an operxation
are best appreciated by considering the assumptions which are involved.
£quation (3) is derived on the assumption that the molecular dipole
moment can be expanded as a Taylor series in terms of nuclear displace-

ments from the equilibrium positions and that all but the first

derivatives can be neglectod; that 1s, ®

Wo=pg ot f (31/3Q, )oQ,- + higher terms (n051181510) R (&)

o

This 1 the assumpt%gv of electrical harnoniciéy. It is true only{to
a first approximation, since intensities of infrared combination amd
overtone bands ought to be zero in this approximation. Although this
1; certainly not the c#sa. it is a fairly reasonable assumption since

the intensities of combinations and overtones are usually far less )

-
. .
Al BT e a v a W o

Wi’ s -
Ko shewive

. than those of the fundamentals (unless a combination or overtone band

! gains intensity by resonance from a fundamental of the same symmetry).
; .

y At any rate, the error involved in the assumption of harmonicity is.
probably much less than the present experimental errors and those

. arising from the uncertainty in the normal co-ordinate . .“'5

°



A slmpler way of representing Q1 is to express it as a linsar *
combination of molecular aymmetry oco=ordinates, 8‘,,2 . a;

o -31,,ts; S
where the coefficients Li j are obtained from the molecular geometry,
the masses of the atoms and the potenu%l energy function of the
molecule. It is here that the real difficulty arises. Although atomic
masses are accurately known and Wntﬂes can often be inde-

' pendently determined or estimated fairly accurately, the force field
% (1.e., the force constants connecting all atoms in the molecule), in
terms of which ,the potential energy function is expressed, constitutes
the unknown in a vibrational problem. Unfortunately, force constants
are known with precision for very few molecules. Most molecules have
more force constants thz;n frequencies, and so their complete potential

energy function cannot be determined. The usual procedure is to either

assume that some of the force constants can be neglected while some

can be carried over from other mclecules, or to adopt a model force
field which decréases the number of distinct force constants by postu-
\ lating that some symmetry unrelated force oonstanta‘ have related values
(generally a simple proportion). Thus, the major source of uncertainty
in the interpretation of infrared absorption bands in terms of bond
properties is the form of the force fiold.u .
Once a reasonable force field has besn deduced, and hence the form
of the normal co-ordinates appmximfated. the next step is to visualize
what the resulting (au/BQ1 )o mean, Because Q isa normal co-ordinate
of ‘the moleculs, it 1s conceptually difficult to appreciate the ‘
‘ . \ sigt;‘it‘icance of the derivatives (Bu/bql)o and to utilige thea. If one
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could trans;&te the molecular properties intc the sum of a set of bond }g

. ‘fdi

properties, one could%r'dpig.th° derivatives (bp/aqi)o into those ‘ 'ﬁ

. =
¥ Tn

characteristic of I341v1dual bonds. In oxder to accomplish this, two B

'by stﬁdying tﬁo integrated absorption intensity of the norial mode.

- - wxryy ~ e oo 'Y = el M SRS R
T AR, FTOTLE 0 TTUG 0 SRR K e e 2T Mg F’r;'\"l’?ﬁi‘,‘fw 5‘@;&" P ac ;‘7%':{:,;\ S T
N - -3 ot “r b M
. o .

o -

. ! v'\’{: -
assumptions are necessarys 55 t 5

(1) The stretching of a bond by dr produces a change of
dipole moment along the bond of (3y/dr)dr;’

(2) Changes in one bond do not result in changes in another

i

bond,
This means essentlally that the total molecular dipole moment change

resulting from the simultaneous displacement of several bonds 1s assumed

™~

to be the vector sum of the moments produced by each individual bond. R

This assumption is quite reasonable for relatively simple molecu%gs and . %

for larger molecules possessing sufficient symmetry. ’ ,%
Now, since\gpe molecular symmetry 9o-ord1nates. Sj' may be expressed ‘

as linear combinations of internal bond’ co-ordinates, Rk.2

sj-gujkak (6)
one can obtaln [by utilizing equations (1), (4), (5), and (6)] the -
desired result: an expression relating the intensity of a normal mode
R . .

to' bond moment derivatives.

3 J ‘a
o G =[5 E vy G T

It follows from equation (?) that one should be able to gain useful

(7) -

1nforma£ion concerning the nature of the bonqldipole moment changes

upon alteiatlon of bond lengths during a normal stretching vibration




Determination of Band 1n§gnsltz

1 s
The expression for the true integrated absorption intensity, A,

as cited earlier, is

- -l._ IO
A J.bandavdv cl‘fbandln('f‘)vdv (8)

where I, and I are the incident and transmitted intensities of mono-
chromatic radiation of frequency v, Vis the adsorption coefficient
for frequency v, ¢ is the concentration of solute in moles liter.% and
1 is the cell path length in centimetels. .

Unfortunately, owing to the prasen\e of finite slit widths, tﬁe
radiation is not monoch;omatic and the quantity that is actually mea-
sured is the apparent integxited absorpti h intensity, B, glven by

1 T ,
B = ToanalN(F2 (9)
4

\ a

where T°v and Tv are the apparent 1ntensttie§ of the incident and
transmitted radiation when the spectrophotome{er is set at frequency v.

The trie integrated absorption intensity, A, can be determined

Y

essentially in two ways:

Q

Q}) by measuring the area under the experimental absorption
band and extrapolating the\B values so determined pas
a fu!btion of various parame\eral6.9 \

(2) by direct calculation from principal band characteristics,
such as the peak . height and the half—intqnsity band width,
assuming certain functions for the slit and for the shape .

of the absorption band.’r10-17
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,all that is desired, direct calculation methods are sufficient. However,

- Ca o pmry R TR PP ¥
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Direct calculation methods have thé advantage that they are'gepér-‘ v
ally extremely rapid compared to band-area extrapolations. \lowever, a
serious limitation of direct calculation methodg 11ds in the fact that ' E
they usually depend on measurements aflonly a few pointg on the exper; \ ;
1ment§1 band while band-area methods involve measuremgnts over the whole
of the experimental curve, Assumptioﬁs regarding the \slit function and
the shape of the absorption band are also fund;mental to direct calcu-

lation methods. Therefore, if a quick crude estimate of intensity is

for accurate work, band-area extrapo}ation procedures are usually the
methods of choice.u The extent of this discussion, therefore, will be
limited to a consideration of this techniqpe. l

The first two extrapolation procedures for the determination of
true integrated absorption intensities from experimental absorption
curves were described by Bourgin6 and by Wilson and Hells7 and were
applied to gases. The methods involve extrapolatioqs of measurements
of band areas made at a series of difﬁerant concentrations or path

-

lengths to zero concentration or path length and are equally applicabl
- . 1

in the case of liquids and solutlons,

Fs

A
A

&

.3
b]

3
-4

/

1. The Pourgin Extrapolation

Bourg1n6 plotted the absdrption curve as fractional absorption,
1-(T/T°)v,aga1nst frequency, v, in cn'lz the area, A', under the curve

~

is then given by

A = foanal1-() IV (20)
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Since it has been shown that this area is independent of the resolving - ,3
, power, we may write . ’ ;,\
" ' - 1 ' m - L . ",;
o . ‘ A= Samall - (VR (11)
. . ! %

»

i

- \
Substituting in the exponential law of absorption and expanding we get
.« v

Q

\ . 3
" / -..c-i. - baml[ av- :‘-V_CI*':!_(Cl)z" see hv (12)
. 27 3: . ‘
’ or
1A - J: a dv= A - (13) -
cl  “band v
cl—0

Hence, the tru& integrated absorption intensity may be obtained by plot-

ting &'/cl against cl and extrapolating to ¢l = 0. Since the area, A',

_
Lot

is independent of the resolving power used, the nature of the extrap-

olation is also independent of the resolving power and i% o‘rg);’q.pondont
. on the band shape.

2. The VWilson-¥ells Extrapolation ) ' %,

Wilson and Vells’ demonstrated that . *
- | lin (A-B) = 0 - (W)

cl—=0
or in other wonis

- lin B = A ' (15)

! cl=»0 )
{

A

Therefore, by extrapolating the apparent integrated a'hoorpnon inten- t-

sities taken at a number of concentrations or path lengths to sero

-t
~

. concentration or path length, the true integrated absoxption intensity

" —,m-’,f.&h*, -

is obtained. The method involves the assumption that (i) the incident
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is dependent on the true band shape and on the resolving power used.
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intensity is constant over the slit width and (11) the resolying power

.t o

is constant over the width of the band, The nature of the extrepolation

P

E PP

Ywte o

3. Ramsay's Methods o o i

Rame&ya modified both the Bourgin and the Wilson-¥Wells proce-

EN

dures bylintroducihg an assumption concerning the form of the ablotpuon"5

k] J

curves. lie assumed that the true shape of an absorption band could be |-

expressed as a Lorentg function . : )

]

loy . s . 6
1..(1 ), (V°Vo)2 o (16)

where v, 1s the frequency of the band centre, a and b are constants,

-~

and v-vg is the interval on either side of the band centre over which
the integratlion is performed. i!is assumption ;;gardins the slit funcgion
was the usual one viz., a triangular slit functfon.

Ramsay also employed correction factors for the "area under the
wings." Although, in principle, the integration of oq;ation (8) should
be carrled ou{ to an infinite distance on either side of the band max-
imum, in practice, .the Aren under the absorption curve is measured only
to finite limits on either side of the band centre. In the absence of

!

overlapping bands, the limite choseh are those at which the éxperimental g

"

error becomes of the same order of magnitude as the apparent intensity., -

-
R o
CRN w\\\ -
b4

Ramsay feltn by virtue ;} his calculations, th;t'tho‘rvlidu;l unneasured
area could be npprnciable; since although the absorption is small, the
remaining frequency range is large. For thlk roaoOn‘ho tgpllod “wing
corrections” to all his areas, both calculated and n’nnurbd. The wing

corrections are expreased as a percentage of the measursd band area and

{
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- Ramsay for this method depend mainly on a lorentzian band; however,

b3
!
¥
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are available for a series of values of the characteristic band quantity .

(veva ) /b,

a. Extension of the Bourgin Extrapolation N

s

If the shape of the true absorption curve is represented by

equation (16) then.Bourgin's expression, equation (12), becomes

.31 ,
- X g?%?i [1ng%2)vmax]3 +ares % | (17) o

Therefore, the true integrated intensity may SQ obtained by plotting

A'/cl against 1n(Io/1),  and extrapolating to 1n(Io/I), = 0.
max max

Alternatively, by defining a quantity, @, such that’
1 1 I I
g -1 /% t-frxpmde),  +Loxgdinde) F.. % (18)

equation (18) can be more conveniently expressed’as

<

r=ghs | ' {29)

By-tahulating values of @ for various values of ln(Io/I)v , it 1s
max

then possible to determine the true integrated absorption intensity
frem a single measurement of the Apparentxgntegratgd absorption

‘Intensity by means of equation (19).
]

L4 4
2
F

4
P

. The extrapolations and § values depend entirely on the assumption

of a Lorentzian function for the true band shape, but they are indepen~

dent of the slit function. Likgwiae,the wing corrections provided by

thei/also depend to a very slight extent on the slit function as well.
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b. Extension o:{ the Wilson-Wells Ext olation )

1

| ‘ :
Assuning a Lorentezlan form for the band shape, and a tri-

angular slit function, Ramsay calculated, for a fixed value of ;/Av;

(the ratio of the spectral slit width to the true half-intensity band
widtﬂ?\a&ggriea of trud band shapes for several values of the true - A
peak optical density. He then mes.sured the areas under the corresponding

apparent absorption curves and plotted the ratios
i

Uraran(To/TI] / [pradn(ta/Dv)

against the appareny peak “optical dena;tiga. ln(T°/T)vm‘ The plots

he obtained were very nearly linear and h;‘fl a slight negative alop‘“. 0.
.It follows that, by tabulating vaiuss of O for a range of a/Av;

between 0,1 'and 1,0, the true . integrated intensity of an absorption band

can be ohtained by plotiing the apparent -Integrated absorption intensity

measured at several different concentrations or path lengths againstt

the apparent peak optical density and determining the best straight

line with intercept A and slope AO. \aﬂuy felt this procedure of

determining the intorcept. A, was ufore yaci}cunte than the Hilao’n-!ells

eaxtrapolatfé\n based on the method of leait-squa.ros. since the latter

method is dependent on measurements of weak bands where experimental

errors are apt to be lai'ge.

«One q;d_‘gntage of the O tabulations is that it is also poasible \ Jé

. to determine &e true integrated absorption intenait} from a single ﬁ
measurement of the apparent integrated absorption intensity by means ‘ ;
of the relation ) ‘ é

!
B=A+A0 1"(T°/T)Vux

%}
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The © values, and hence the slopes of the extrapolations, depend o

on the aasumption ol a Lorentzian function fdr the true band shape and
on a tridﬁgular slit function. The wing correctiona provided by Ramsay

for this.method also depend on thess two assumptions.

c, Method for Partially Overlgpp;hg Band Systems ;

Although Ramsay'e methods are still valid for overlapping band
: .
systenms, ‘the slapes of the gxtrapolations can no longer be calculated,
Moreover, Ramsay felt that attempts to pt extrapolation lines by the
method of least-squares could result in considerable error unless a
large number of observations was carried out. .-

However, - in hie studies of isclated absorption bands, Ramsay

found that-the ‘true. integrated absorption intensity of a band differed

very 11tt1~e from the apparent quantity, even though the ‘pectril slit

- "" width of the spectrophotometer was of the same order as the widths of

the absorption bands, He showed that, for a slit width equal to one-
[4

half the true width of the absorption band, the true intensity exceeded

the ‘apparent intensity by only ~ 2-3%, Apparently the decrease in peak

) height produced by the finite slit width is roughly compensated by an

T \ ‘ increase in band width, As a general rule, Ramsay and collaagﬁesls ‘
found that the true 1ntegrat;d intensity of an iaglated absorption band /

' uaualiyvexceoded igo mean of the apparent intensity detornin;xions

L e \Gi.e.. B viluéa were usually determined at a number of concentrations)
by 2%. Since they felt that the uncertainty in the evaluation of the
extrapolation alope\fdr overlapping‘band systems ?as likely to exceed

B this consider;bly, they simply estimated the true intensity by adding

. 2% to the mean of the apparent intensity valuss. /

(34
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4, The Russell-Thompson Extrapolation
9

bt v .
.. SRR ¢

Ruasell a‘t;d Thompson” extrapolated the apparent integrated absorption e
intensities determined at a number of concentrations or path lengths to

zexro apparent peak optical density, - .

4

Lim B=A . (21)

T s
in(.2 -0
(T )Vnax

as outlined by Ramsay in his ;xtenslon of,the Wilson-Wells technique; ’
however, they evaluated the slope of the extrapolation by the netl';od of
least-sq'uares‘instead of fitting it to Ramsay's predetermined ¢ values P
(dependentj on tﬁt{e assunption of a Lorentzian function for the true band@
shape and on a triangular slitl function), and they omitted Ruuay's'uing
corrections (also depsndent on a Lorentzian function). So, as was the
case for the Wilson-Wells eéxtrapolation, the Ruapoll-’!‘houpson technique
18 independent of any assumption regarding the true band shape, but it
is quite sensitive to measurements Qt dil\).'\to concentrations. However,
if a falr number of concentrations are measured, the rosulting/errot
should not be too sarious,

\

. © Several studles of integrated intensities by the Russell-Thompson

9,20,21

technlque have shown that the extrapolation 1s essentially linear

and_that, if qerfo;mod for several series of measurements made at

«iifferent slit widths, it converges to a reasonably constant value for
the true integrated absorption intensity. " An interesting observation
is that the slope of the Russall-Thompson ;sxtnpoht,ion is larger than

that predicted by Rusay.9'20’21

~ 4 )
. -
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5. Comparison of Methods |

The Wilson-tells oxt;‘ipolation of B values presents certain advantages
over the Bourgin extrapolation of A' values; -
(1) the extrapolation of B as a function of cl is approximately
' linear, especlally if the band is wide enough, while that
of A'1s a shallow curve; |
(11) since A' is independent of the resolving power ard B is
not, the use of a spectrophotometer with”\g‘reater resolving
power will assist the extrapolation of B but not of A°*.
For these two reasons, the Wilson-Yells extrapolation of B values is more
precise than the Bourgin extrapolation of A*' values. However, an important
weakness common to both extrapolation procedures is that they are quite
sensitive to measurements at small ooncentra.titons or path lengths where
experimental errors i_n determining band areas are apt to be large. In

order to obtaln satisfactory extrapolations, msasurements at a considsrable

number of concentrations are necessary.

The most serlous limitation of the Ramsay procedures is their
dependence on a Lorentzian function for the true band shape. Although
absolute integrated intensitles obtained by Ramsay's methods are dep:ndont
on a Lorentzian function only to the éxtent of the wing correction and
the slope of the extrapolation, both of which are fairly small quantities,
the lorentzian dependence may result in gignificant error, since it ha;
been shown that the assumption of a Lorentzlan form for the true band
shape of an infrared absorption band is uncertain and often prociucos
unsatisfactory results. 10,19 Since the Wilson-Wells and Russell-Thompson

procedures m\gdependent of any assumption regarding the true band
[ :
7
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shape (1.0., thay do not utilirze wing correctiona in ovcluating\tho aXes éi

\ E
under sn absorption band, and.thsy analyse the slopes of the extrapolasiona %
by the method of least-squares instead of fitting the slopes to predeter-

mined values dependent on some assumption for the true band shape), it

is felt that the Wilson-Wells and Russell-Thompson extrapolations are
somexhat more rellable for evaluntink the true integrated intensity of
‘an infrared absorption band than the Ramsay procedures.

ﬁ}gp. ;Xen‘though the Wilson-Wells and Russell-Thompson techniques
are sensitive)to measurements at dilute concentrations, it is expected
that any error resulting from using the least-squares technique in
evaluating the extrapolation slope (especially if measurements at a

considerable number of concentrations are used in the intensity plot)

will be less than the error incurred in utilizing Rapsay's e and @ values \
which were determined assuming a Lorentmian function for the true band
shape, Likewise, since the procedures for determining Ramsay's wing

corrections are quite 1mprtciuo.19

particularly in the case of overlapping
bands, any error made iﬁ praeerJing the apparent intensity values in the
‘Wilson-Wells and Russell-Thompson procedures is probably less than that
incurred in the Ramgay methods by apnlying wing corrections,

liowever, -an important advantage of Ramsay's procedures over the

[ ]
Wilson-Yells and Russell-Thompson extrapolations is that it is possidble

@

by means of Ramsay's calculated § and e values to estimate the true

integrated, intensity from a single. measurement of the apparent integrated

L -
A X B Pt TP RD). P R T  P

absorption intensity. Therefore, when a quick estimate of the true

integrated intensity is required, Ramsay's methods are convenient

f . techniques.
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As far as a comparison of the Wilson-Wells and Russell-Thonpson o E

procedures is concerned, no advantage of one technique over the other 1

;. may be demonstrated because of their similarities: (1) the nature of . é
’ - ¢ |
: . the extrapolations [1.0.. apparent integrated intensity as a function g

2 ‘ of concentration (Wilson-Wells) or apparent peak optical density
(Ruaaoll-'rhoupaon)] as long as the intensity measurements are taken

Q ,
over a concentration range in which the Beer's-law plots are linear;

(2) freedom fron.any assumptions regarding the true band shape; (3)
analysis of extrapolation slopes by the method of least-squares; and
f ¢

(4) omission of wing corrections. So the two procedures were conuld;rbd

N to be equivalent.

a
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Chapter 2

BONDING IN METAL CARBONYLS

Molecular Orbital Description of the Bonding

Before considering the infrared intensities of the carbonyl stretch-
ing vibrations in metal carbonyl complexes, 1t is necessary to briefly
describe the bonding between a terminal carbonyl group and a transition
metal atom and to consider the sensitivity of the M-(~O bond towards
replacement of other carbonyl groups in the molecule by different
ligands. A molecular orbital description of the bonding between a ter-
minal 00 group and a transition-metal atom 1s presented in several
texts;zz'zu a s{yplified version of the bonding is sufficient for present
purposes.

In the carbon monoxide molecule, the bonding 1s represented by a
0 system, consisting of a filled O-bonding orbital and two O-nonbonding
lone palrs; and a 7 system, comprised of two mutually perpendicular
filled m-bonding orbitals and the corresponding unfilled n*-antibonding
orbitals (*igure 2-1), When co-ordinated to a metal atom, the less
electronegative aton ;f the 00 group, carbon, donates lone-pair electron
density to a o-oriented metal orbi%pl. However, since 1t is apparent
from the general chemistry of carbon monoxide that the donor propeftlos\ '

of carbon monoxide are very slight (i.e., CO forms a weak complex with

BH3 and no compounds with metals in which there are no d electrons for
back bonding), it is believed that additional n bonding makes a

significant contribution to the molecular stability. Jarious

T
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Figure 2-1. Molecular Orbital Description of the Bonding in Carbon
Monoxide.‘ ¢ ’
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experimental techniques (x-ray orystallography, infrared spectroscopy,

.
;

b~

P

*

i
‘*

eta,,) provide physical evidenos for the double bond chathater of the
H=C bond,
To summarive then, the assentiala of the bonding between a terminal ~§
(@ group and a tranaition-metal agém are!
(1) o donation from the unshared palr of eleotrons on ocarbon
to an unfilled 0 orbital on the metaly
(2) 1 back=donation of eléectrons from the dn orblétll on
the metal to the ampty prn*-antibdonding orbitala on the
0 group, Y
Thun, the two componanta of the metal-carbon bond complement one another
in the sensa that charge is shifted in opposite directiona in the two
bhond ayuatema. n bonding has the offect of 1nducing atill stronger O=bond
interaction bntQ;&n é and ¥ and vice versa,
A plctoral description of the honding is presented in Figure 2-2, .
'or pressnt purposes, the M-C-0 skeleton will be considetred linear
becauso, Xlthough small deviationn from linearity (rarely more than 5°)‘
often weccur, they are not sufficiently large éo of fect present bonding 2

”
nrgumontn.a'“S

Vibrational Stretching Diﬁtortion of the O Bord,

Stretching the bond of a co-ordinated 0O group will lead to a change
{n electron denaity within the M-C-0 bonding system. Caloulations using :
Slator atomic orbitala indicate that rnlatiéoly little change in 0= :
electron denaity occurs during a small vibration-of carbon monoxide, .
but that thare are quite large changes in the n-electron donuity.u'26

It would seem, thersfore, that m-bonding effects within.a bound vibrating

00 group probably predominate.

Ay
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The relative charge densities on the atoma in a co-ordinated 00
£Xoup appear to be 6'0-006*. Thus, a vibrational stretching distortion
most probably leads to a tranafer of eleotron density C--OO.25 If this g?

C=+0 electron Yranafer ocours and ia loocated in the T system, then, as

the 0O bond is atretched, the empty pn' orbltalg will be incrensingly
lowered in energy and will localize more and more on the ocarbon atom,
The expected result would be enhanced M—(C dn-eleatron ddﬁation.“ The
convarse of the ahbhove argument ia also useful, i,e., that M-C dn- o
electron donation should enhance C-4( pi-electron transfer.

i1t would appear then that the flow of elsctrons C~+0 in the T system

of the €0 group during a (0 vibrational stretching distortion should ,

serve as an indication of the availability of the metal dn-electron &

o

density. Tho dipole moment change created by this charge tranafer will

be reflacted . in the frequencies and in the intensities of the (O stretch-

| ing abasorptions of metal carbonyl complexes. Hence, the foregoing
- ' arguments m;§‘be unefully applied to a discussion of the effects or'
substitution of (O grours in metal carbonyl complexes by other ligands.
1f a 00 group in a metal carbonyl complex is replaced by a ligand "
of greater o-donor'bu£ poorer T-acceptor ability, the effective nuclear ‘
charge of the metal atom will decrease, providing a greater amount of
Ti-eledtron density for donation to the n* orbitals of the remaining CO

ligands. The resultant incresse in the C~0 T-electron transfer during

.
e B SIAT e s < -
R LR T N AP

a Q) bond stretching vibration and consequent weakening of the 0O bond

should result in decreased 00-frequencles and enhanced CO-intensities

o
X

relative to those of the parent complex.

, . Conversely, replacement of a CO group in a metal oarbvonyl complex

with a highly electronegative group, such as & halogen atom, will lead

Fs
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£0 an increased eof'fective nuclear charge on the metal aton. 'Mhis in
turn will lead to a door;nu in Megleoctron tranafer to the ;'ou&nlnc'

(0 groups during a 00 bond- stretching vibration ;ﬁd_honoo toa ttr'ntthi.
ening of the 00 bond. The expected result for such & substitution would

t

therefore be increased 0 frequancies and decreased 00 intensitles
relative to the parent oonpiox.u

The foregoifg discussion will be uaed as a basis t‘?r ‘A.fuktholr
investigation of the 0- and n-bc;nding abilities of various ligands in
subatituted metal carbonfls. glnoo replacement of a 0 group. by a ligand
of differing o%donor and n-acceptor ability will be reflected in a change

in C0-intensity relative to that of the parent complex.

-
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Chapter }

%
PREPARATION METHODS

Physical Measurements

Carbon and hydrogen microanalyses were performed by the Schwarskopf
%1croaga1ytical laboratory, Woodsido.'Ncw York, except for the analyais
of fad-triocarbonyltris(chlorodiphenylphosphine)molybdenum(0) which was
done by Mr. N. 1. Coville in the Departmert of Chemistry, McGill
University, on a model 185 {lewlett:Packard carbon-hydrogen-nitrogen ana-
lyver equipped with a Cahn ratio electrobaldnce, model G, and a
toneywell recorder. Phosphorus and halogen microanalyses were oarried
out by Schwargkopf,

Melting points were takonlin unsealed capillaries on a Gallenkamp
melting point npp@r&tun doaign number 889339 and are uncorrected. A
Zelus Opton Nri21133 Abbe refractometer was used for refractive index
mensurements. Values are reported for the D line of the spectrum of
sodium; tho temperature of determination was 20°,  Infrared spectra were

recorded in the metal carbonyl stretching region (2200-1800 cn'l) ona

model 337 Perkin Elmer double-beam grating spectrophotoreter.

Materials , , - . </,‘\\‘\.

Alfa Inorganics, feverly, Massachusetts, was the source of moat
starting materials: hexacarbonylohromium(0), hexacarbonylmolybdenun(0),
hexfcarbonyltungsten(0), decacarbonyldimanganese(0), n-cyclopentadienyl-

tricarbonylmanganese(I), N-methylcyclopentadienyltricarbonylmanganese(I),

)
tric'f\,lorophonphtno. dichlorophenylphosphine, and chlorodiphenylphosphine,

23
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Triphenylphosphine, triphenylarsine, triphenylstibine, cycloheptatriene
and Bleyclo[2.2.1 jheptadiene were obtalned from the Aldrich Chemical
Company, Milwaukee, Wisconain, m-Cyclopentadienyldicarbonylthiocarbonyl-

rz? of the

mangan;ae(l) vas generously provided by Mr, A. E. Fenste
Department of Chemistry, McGill University. )

A % C American Chemicalg,,V1lle St-Laurent, Quebec, supplied the
common solvents; n-hexane, benzeng. methylenechloride, chloroform and
carbon tetracﬂloride. The remaining reagents were purchased from various
companies: acetonitrile from Brickman and -Company, Montreal, Quapoc;
mesitylene from the J, T. Baker Chemical Company, Phillipaburg, New
Jersey; methylcyclohexane from Eastman Organic Chemicals, Rochester,

New York; and bromine and petrgleum ether (bp 30-60°) from Anachemia

Chemicals, Montreal, Quebec.

Hexacarbéhylchromlum(o)[Cr(C0)6]

The white, crystalline solid was purified by sublimation (50°/0.1
mm Hg), mp 150-153% 11£.222129 155_153°, 154-155°, 152-155°, 151-152°.

n-Cyclopentadienylmanganese(I) Complexes

1. n-Cyclopentadienyltricarbonylmanganese(I) [ﬂ-ESHSHn(OO)BJ

Purification of the yellow crystals was accomplishad by sublimation

28b, 30a

(50°/0.1 mn Hg), mp 73-77°3 1it. 76.8-77.1°, 77°,

!

2, mn-Methylcyclopentadienyltricarbonylmanganese(I) [(ﬂ~C}i3CSHu)Mn( co)J'j
7 28¢,300

The yellow liquid was used as received, nzoD 1,5862; 1it.

1.5868., Further purification was deemed unnecessary.
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. 3. mn=Cyclopentadienyldicarbonylthiocarbonylmanganese(I) [n-c555un(co)zcs]

The yellow, crystalline solid was sublimed (45°/0.1 mm Hg) before
use, mp 52-5#03 lit.27 52-530. «

Group VI Metal-Olefin Carbonyls

1. Tricarbonylecycloheptatrienechromium(0) [07H8(tr((b)3]

31

C7H80r(co)3 was prepared according to King's” method by refluxing
hexacarbonylchromium(0) (4.4 g, 20 mmol) and excess cycloheptatriene
(5 ml, 4.0 g, 44 mmof) in acetonitrile (50 ml). The resulting red crys-

tals were purified by sublimation (1000/0.1 mm Hg), mp 126-128° decs

11¢.284031-33 158 130° dec, 129-130°, after having first sublimed out

(70%/0.1 mm Hg) any unreacted hexacarbonylchromiun(0).

{
2. TetracarbonylbicycloLZ.2.1Jheptn-?,j-dienechromlum§0)

[__n_g_z_--n,?uacr(m)u_]

nor-( usnr(no)u was prepared by refluxing hexacarbonylchromjum(0)

7
(5.0 g, 23 mmol) and excess bicycloheptadiene (8 mi, 7.3 g, 79 mmol) in

methylcyclohexane (40 ml), as described vreviously in the }1ternturo.28°'3u

Purification of the yellow, crystalline product was accomplished by sub-
"
limation (80°/0.1 mm He), mp 91-93% 11t.28°'3u 92-930. after having first

sublimed out (60°/0.1 mm Hg) any unreacted hexacarbonylchromium(0).

3. Tricarbonylcycloheptatrienemolybdenum(Q) [C7H8MO(CD)5J

The reported orocedurezaf'32 for preparing C H8M0(00)3 by refluxing e

’
hexacarbonylmolybdenum(0) (26.4 g, 0.1 mol) and excess cycloheptatriene
N (50 ml, 40.3 g, O0.44 mol) in methylcyclohexane (200 ml) was employed.

. . The resulting red crystals wers dried (50°/0.1 ma fig) for 12 hr to
k3 _\ .

Q
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remove any unreacted hexacarbanylmolybdenum(0) or other volatile impu-

u
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rities, and were sublimed (100°/0.1 mm iig) befare use, mp 98-102°
11¢.280:32,35.36 155 5 101,5°, 100°, Anal. Calod for Cy oHg0y Mo

C, 44.13 H, 3.0; Mo, 35.3. Founds C, b4.by H, 3.1; Mo, 35.2.

4, Tetracarbonylbicyclo[2.2.1Jhopta~2.5-dienenolybdonul(0)

[ggg-quano(co)u]

28f

nor-C neno(co)“ was prepared according to the published methods H ‘

”
by refluxing hexacarbonylmolybdenum(0) (26.4 g, 0.2 mol) and excess
bicycloheptadiens (40 ml, 36.0 g, ‘0.4 mol) in methylcyclohexane (200 ml).
The resulting yellow crystals were purified by sublimation (100°/0.1 mm Hg),
mp 76-78°; 11t.28f,33.3b 27-78%, 76-77°, after having first sublimed out

(600/0.1 mm Hg) any unreacted hexacarbonylmolybdenum(0).

5. fac-Tricarbonyltris(acetonitrile)tungsten(0) [(CHBCN)BH(OO)jj

The published method?’*?® for preparing (CHyON)4H(C0), by refluxing
hexacarbonyltungsten(0) (7.0 g, 20 mmol) in actonitrilo~(50 nl) was used.
Purification of the yellow, crystalline product was not atteapted; the

k]

crude form was adequan for subsequent reaction with the-elefins. .

6. Tricarbonylcycloheptatrienetungsten(0) LC7H8H(GO)3]

C?HBH(OO)3 was ?ropared by refluxing fac-tricarbonyltris(acetonitrile)-
tungsten(0) (1.2 g, 3 mmol) and oxc;aa cycloheptatriene (2 m1, 1.6 g, 18
mmol) in n-hexane (50 ml) as described previously in the 11teratur..38!
The resulting red crystals were purified by sublimation (1bo°/o.1 na Hg),
ap 114-118°% 118, 3%% 115121 dec, 117-116°, IIOQQfaftcrih;vinc first
sublimed out (70°/0.1 mm Hg) any hoxncarbonyltunésion(o) present.

¥




7. Tétracarbogl}blclplg[z.2.1]hepta-2Ljrdionatungpion(O)

[nor-c,Hgi(c0),] °

The procoduro3a for preparing ggggcvuaw(co)u was the same as the
one used for the preparation of C7H8W(OO)3 except that bicycloheptadiene
was substituted for the cycloheptatriene, Purification of the yellow,

crystailine product was accomplished as outlined above for the

cycloheptatriene amqlogue, mp 88—91°; 11t.38'39 90-92°é("

4

Folybdenum-Phoaphine Carbonyls

1.  Tricarbonylmesitylenemolybdenun(0) [[1, 3 5-(cH 2305433M°(C°)3]

The published method h2,43 for preparing, [1 3,5-(CH )306H3]Mo(00)3
by refluxlng hexacarbonylmolybdenum(0) (4.0 g, 0.015 mol) in _excess
mesitylene (20 ml, 17 g, 0.14 mol) was used. The infrared spectrum of
the yellou? crystalline product was identical to that reported pféyl-
ously""3 for LI.*.5-(CH3)306H3JM0(C0)3. No attempt was made to purify
the producé: the crude'fo;é was adequate for subsequent reaction with

the phosphines.

2. fac-Tricarbonyltris(trichlorophoaphine )molybdenum(0)

[_%E-x-so(oo)J(pzn})3 ]

ggg-Ho(OO)j(Pﬂl3 3 ¥as prepared by heating tricarbonyleyclo-

-

heptatrienenolybdenu;(o) (1.2 g, 0.002 mol) and excess trichlorophosphine

(ZO’QI, 0.23 mol), as described previously in the 11terature.uu The

resulting yellow crystals were purified by recrystallization from petro-

loun ether (bp 30-60°), mp 82-85° dec; ue, ¥ 85° dec. Anal. Caled for

!
CyP405ClgMos G, 6.1; 1, 53.9s P, 15.7. Found: C, 6.15 C1, 53.3s P, 15.6.
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3. fac-Tricarbonyltris(dichlorophenylphosphine)molybdenun(0)

(fac-Mo( 00),[P(cgHs)c1, 1]

The procedure for preparing {gg—Mo(CD)3[P(C6H5)C12]3 was analogous

tq’that of Poilblanc and Fﬁigorgneu5 for preparing ggg-Mo(C0)3P(C6H5)3.

L Tricarbonylmesitylenemolybdenum(0) (0.3 g, 1 mmol) and excess dichloro-
phenylphosphine (1.0 ml, 1.3 g 7 mmol) were dissolved in benzene and

allowed to stand for 3 hr under nitrogen. The solution was then evapo-

rated to dryness and thé-residue extracted with petroleum ether (bp 30- )
60°) (& x 50 mld,.as outlined by Abel, Bennett and Hilkinson.“u
Filtering,mzoncentrating (50 m1) and cooling (-78°) the extract deposited
yellow crystals. After filtration, washing with pétroleum ether (40 x
25 ml) and drying (25°/0.1 mm Hg), the crystals were identified as
ggg-Mo(GO)B[:P(Céus)clz.I3 by a comparativé infrared spectrum,uu mp

115-117° decs 11t.** 106-110° dec.

L, fgngricarbonyltris(chlorodiphenylphosphine)molybdenué%g;-*\"‘*\<:

YT [gg_g-no(co)j[P(a6H5)201'] ]

The preparation of _{g_g—Mo(OO)BEP(CéHS)ZCIJ3 was analogous to Poilblanc
and Bigorgne-s‘*S 'oneparati'on of fac-Mo( m)3P(C6H5)3. A solution of
tricarbonylmestitylenemélybdenum(O)'(0.3 g, 1 mmol) and excess chloro-
diphenylphosphine (1:0 ml, 1,2 g, 5 mmol) in benzene was allowed to stand
for 3 hr under nitrogen, during which time yellow crystals deposited.
Filtration, washing with benzene (4 x 20 ml) and drying (250/0.1 nm,Hg)“u
ylelded the desired product, mp 15541570 dec) lit.uu 148° dec.A Anal,

Caled for 639}!30?303(‘.13!40: ‘C, 55.7¢ H, 3.6. | Fourd: €, 55.63 H, 3.4, .
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Manganese-Mixell-Ligand Carbonyls, o, .

1, Bromopentacarbonylmanganese(I) [Hn(cqziﬁr] '

Mn(CO)SBr was prepared by reacting bromine (1.3 ml, 3.7 g 23 mol)

B

with decacarbonyldimanganese(0) (6.9 g, 18 mol) in carbon tetrachloride .

28g, 46

(100 ml), as described previously in the literature. The resulting

yellow-orange crystals were ldentified by a comparative infrared

4
spectrun 208 4r4 ere purified by sublimation (60°/0.1 mm Hg).
‘ -
2.  cis-Bromotetracarbonyl(triphenylphosphine)manganese(I) |
cis—t‘n(m)h[P(%Hj){lBr] ' ] , L

glg-Mn(CO)u[P(Céﬂ T8r was prepared according to Angelici and

5)3
Basolo's method '’ by reacting bromopentacarbonylmanganese(I) (0.54 g,
2 mmol) and triphenylphosphine (0.53 g, 2 mméI) in chloroform (25 nl)
at EOO: The orange-yellow product was recrystallized from n-hexane by
dlssolution at room temperature and recrystallization at dry-ice tem-
perature, mp 1300. The infrared spectrum is identical to that reported

L . .
previously 'l for cls-tn(00), [P(Cghg) Tor. Anal. Caled for GyHy 5PO,Brin:

c, 51.9; H, 3.0. Found: C, 52.1y H, 3.0, ~
3.  cis-Bronotetracarbonyl(triphenylarsine)nanganese(I)
(cis-Mn(oo)u[As(%B)J]ar] »

The procedure for preparing and purifying &-Mn(m),[n((‘sﬂs )3331'

was similar to that used for the preparation of gig-Hn(CD)“[PTC6H5)3]Br.

Identification of the triphenylarsine product (mp 130-134°) was eonfirmed

b7

by a conpdrative infrared spectrum, Anal. Caled for C,,H, As0,Brin:

C, 47.83 H, 2.7. Found: C, 472.8; H, 3.0.

»
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4, g_i__g-Bronototracarbonyl(trip;\enylstibim)nngangu(I)
’, (o s=Mn( co)“ESb(csus)l}ar]

cis-Mn(00),[sb( C6H5)3]Br was also prepared and purified according -

to the method described above for the triphenylphosphine analogue, mp 131-
“’.. ' 131&°. A comparative infrared spect.r\miﬂ was used for identification
. . .purposes. Anal. Calcti for. czzl{lssbouBrMm C, Uhs.03 H, 2.5 Br._ 13.3.
Found: €, 44.3: H, 2.6; Br, 14,2, ‘

. ¢




W’. Chapter 4

INTENSITY MEASUREMENTS

Instrumentation

‘Infrared spectra were recorded on a Perkin-Elmer model 337 double-
beam grating spectrophotometer equipped with a 70-min lihear frequency

1. 1.é., a recording rate of 40 ol -m"‘). and a

scan (4000-1200 om™
variable slit program (10 settings ranging from narrower than normal for
high resolution scans to wide slit operation where high energy is re-

quired), The spectral slit vd.dthu8 in tt;e petal carbonyl (0 stretching

1 at 2200 c-"\-p 2.55 ca !

3 for the manganese thiocarbonyl CS stretching absorption,

region (2200-1800 cm'l) ranged from 3,21 cm
at 1800 cm
1264 cm-l, it was eq\:al to 2,14 cn-l (Appendix B).

A Texas Instruments Servo/Riter II1 recorder, and later a Sargent-
Welch model SRLG recorder, was installed to expand the frequency scale
(286 e inch'l) of the standard chart paper. As much frequency scale
expansion as possible was employed becauss df the narrowness of the metal

carbonyl peaks. 02 the Texas Instruments recorder, maximum expansion

corresponded to a cliart paper frequency scale of 5 ! 1nch'1; on the

-~

§argen£-welch instrument, it was equivalent to a chart paper frequency B
acaib of 8 cm-} 1nch-1. The carbon monoxide absorption at 2147,08 c-l "

and the polystyrene peak at 1601.4 cn"'jl were used for calibration ) 7;
purposaa.ug o

In order to ensure accurate measurements, proper attention to

double-beam balancing, zero transmission setting, etc., is essential.
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The employment of narrow slit widths is also important in the measurement

of the sharp metal carbonyl absorptions.

Optics

Matched, sealed, standard-type 1iquid cells (1 mm and 0.1 m path
length) with NaCl windows were used for all measurements. International
Crystal Laboratories (Irvington, New Jersey) calibrated the i mm cells
by comparison of the benzene absorption doublet peak at 3.89 miarons-
with that of a known 1 mm cell (previously calibrated against a 0.2 mm
cell, the path length of which had been obtained by means of interfexence
fringes between 8 and 13 microns). The 0.1 mm cells were calibrated prior
to cach set of intensity measurements by means of interference fringasso
between 4.8 and 5.2 microns; the path lengths were found to be the nominal
values (determined by ICL by the interfersnce fringe pattern method from
4,5 to 8 microns) I 2% (Appendix C).

L
Sample Preparation

-

In general, solutions were prepared from indivgaually weighed
samples; however, for the three manganese-mixed-ligand carbonyls, volu-
metric dilution techniques were employed giving results which fitted
Re8Y' s-Law plots for the individually prepared gamplas fairly well.

The solid material was welghed on a Meitler balance accurate to
¥ 0.1 mg, transferred carefully to a 50-ml Qolunetric flask and then
the solution was diluted accurately to the mark with solvent. Whenever
possible, n-hexane was used as solvent bocaﬁne‘of the optimum resolution

51

of the metal carbonyl absorption spectra in this solvent. However,
where low solubility of the complexes in n-hexane precluded its use,

rethylens chloride (molybdenum-phosphine carbonyls and metal-cycloheptatriense

:
.
%
&
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carbonyls) or carbon disulphide [m-cyclopentadienyldicarbonylthiocarbonyl-

[

manganese ( I)] was ’subs;c.ituted. Spectrograde g-hexane, methylene chloride

o
LA

i
i
>
¥
-
.(:‘
'(
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%

and carbon disulphide were obtained from Flsher Sclentific Company, Fair

Lawn, New Jersey and were used without further purification,

Racording Procedure pi

3

Spectra were recorded as soon ms possible after complete dissolution
of the sample, usually uithi’n 30 min. Decomposition of the samples was
minimized by using fresh solutions protected from light by aluminum foil,
Generally, decomposition was not extensive enough (usually less th\an 1%)
to affect the intenalty results.

Specira were recorded for at least four, usually five, different
concentrations of each sample providing a smooth distribution of bands
Within the 15 to 65% transmittance-range (1.e., 1.89 2 In(to/T), 2
0.427). This required sample concentrations ranging from 0,1 to 15.5 mM,
The relative error in the integrated intensities 1avexpected to be less
than 10% under these coaditi.ons.52 Four individual recordings were taken
at each concentration and the average values of llm('I'c,/'l‘)vmx and of the

area for each band at each concentration were used in the intensity

calculations,

-

Area Determination

The area under the absorbance curve

Soandlo810(To/T)av (&)

where T v and T, are the apparent intensities of the incident and trans-
mitted radiation when the spectrophotometer is set at frequency v, vas

. determined by two techniques, dopandiné on which recorder was in use

-
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o -
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(Appendix A). The Sargent-Welch inetrument presented the spectrum in

linear absorbance; this permitted direot evaluation of the integral in

(21) by cutting out the band profile and weighing it. Recordings were ‘ ;§
made on Sargent rogordar chart paper catalog No, S=72167 and a Sartorius- %&
Werke model AG balance accurate to ¥ O.d& mg was used for the weighings. \?

Th% paper was calibrated for each spectrum and was found to be quite
uniform,

On the Texas Instrumo;ta recordoQ. a linocar transmittance apootrum'
was obtained; here conversion of the experimental absorption band from
a linear trnnsmiétance to a linear absorbance curve necessarily preceded
evaluation of the integral in (21). Readings were taken uaually at 1n§{::;§
ments of about 1/7 the true half-inybnalty band width (Appendix B),
providing an equidistantly tabulated function of lozio(’!‘o/'l‘)v versus Vv,
Evaluation of the a;en und;r the absorbance curve was then accompliuh%d
by the application of Simpson’'s rule. This procoduré is quite roliabI;
for reasonably broad;bahda. However, for very narrow bands, where the
increments of the argument values were sometimes greater than 4 the half-)
1nten§1ty‘band width, the errors encountered were somewhat larser; making
the procedure less useful in these cases, A comparison of intensity
results for Cr(00)6 deternined by the weighing method 'and by Simpson's é
rule (Table 5-1) affords good evidence for the equivalence of the two ;
techniques, ' ﬁ

The integration was generally performed over an 1nterv;1 of abprox—
imately five times the true half-intensity band width (Appendix B) on E

max

%
+ 5Av; (1.e., the region from the <%
barnd centre to the point at which the absorption appeared complete), ;

The area under the solvent background curve was subtracted, but no

\
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correction for the area under the wings vas applied since the wing correc-.

tiona Pruvided LY nunya

sesmad o b4 overly large for the sharp OO
stretching bands of most substituted metal carbonyls. In order to convert
the areas to the naperian base (i.e., to obtain the ares under the optical
density curve, J‘b. ndln(‘l‘ol'l‘)vdv). the results were multiplied by 2,303,
Ovorlapp;:g bands were resolved by extrapolation procedures assuming

symmetric band shapes. Such an extrapolation for (:7“8510(&))3 is
' <
il1lustrated in Tigure 4-1,

"t
»
'

Treatment of Iata

Three methods were employed for the determination of the frue

inteprated absorption intensity

—f‘rba ndln( )dv (22)

where c is the com;ontnt.ion of solute in moles per liter, 1 ia the cell
path length in cm, and Io, and I, are the incident and transmitted inten-
sities of monochromatic radiation of frequency v. In the first method,

the ¥ilson-Wells oxtrapohtion.7 A is obtained by extrapolating measure-

f
ments of apparent 1ntemtod\abaorption intenaity

ST hand P22\ (23) :

R =

made at a number of conee‘ntmtiona to wero concentration, The plots for
n-cshsl'n((}))z(s are shown in Figure U-2,

The second method used to determine A is the R\;aull-Thonp.on
extnpohuon.q In this procedure, A is obtained by plottling Basa "efé
function of apparent puk optioal density, ln(To/T)vm,cm extrapolating
to 1“(T0/7)vm = 0. The extrapolations for n—CSHSNn((D)zm are
illustrated in Figure &3,

'b(l :
e e (.uf&i‘*w&v‘



- - BN I AR Y A
W [ . ..-N«Ww-:tﬂw

RV

3

S,

L)

v

Resolution of Overlapping Bands in Spectrum of
(l.lllel‘lo((x))3 by Extrapolation Procedures.
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In both extrapolation procedures, the data were analyged by the

.

method of least-squares using asprogran written for the IBM 360/65
computer (Appendix A). Since the number of cbservations was small
(usually five), a statistical treatment of data was considered neaning- -
53

less,”” and 80 all points were retained in the analyses and were assigned

equal welight, For the most part, negative slopes which gener%lly increased
in magnitude with increasing half-intensity-width were obtained by both £
extrapolation techniques (Appendix B).

The third method used to determine A is the method described by

Ramsay and colleaguass'18

for partially overlapping band systems. In
this method, A 1s determined simply by increasing the mean of the B values
by 2% (Appendix A). B values for at ieast foué (uéua{ly five) different
concentrations were used in the calculation of the mean.

A comparison of intensity results determined by the three methods
outlined above (Appendix C) shows that the values obtained by the two

extrapolation procedures agree very closely (usually to within 1})3 thia :

.affords good evidence for the equivalence of the two techniques. However,

the extrapolation results tend to be somewhat higher than the results
obtained by Ramsay's method (generally about 7% higher). A similar
increase in A value (over that predicted by Ramsay on the basis of the

assumption of a Lorentz band contour and a triangular slit function) was

v ek o £ R

noted by Russell and Thompson9 with their extrapolation method,

In conclusion, therefore, 1t is felt the two extrapolation procedures 2
are the most reliable methods for determining the true integrated intensity §
of an infrared absorption band. However, an important advantage of Ramsay's ';x

method is that it is posdiblo by means of his relation (i.e., A = 1,2 B)

-

<!
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to estimate the true intesrated intensity from a single measurement of

the apparent integrated adsorption intensity. Therefore, when a quiok :
» i ]
satimate of the true integrated intenaity is required, Ramsay‘s ntggd
for ovirhpping band systems 1s a convenient technique,
Results . .
Complote details of the integrated intensity calculations are presented
in Appcndix C. The tabulated data used in the dhc\auion‘ were extracted
from this Appendix. .
) /
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Chngter 5

INFRARED INTHENSITTES TN METAL CARBONYL COMPLEXES

Interpretational Approuch

Integrated Infrared intensities of the carbonyl stretching absorptions

of metal carbonyl compounds and their derivatives were investigated by

5l

Noack” as far Lack as 1962:.howovor. the results of relatively few
studien have appeared auﬁhoquontly.25’55'72 This lack of activity ia
unfortunate, since the intonltylos of the (0 atretching vibrationas of
motqlicurhonil complexem can provide very umseful information copourntng.
the electronic propertien of Aho molecules,

Moiul_cnrbényl CO atretching vibrations are many times moxre intense
than those of free CO (i.e., the intensity of the allowed €O ltrotching‘

! 2. is approximately 110 times the value

4 -1

mode in Cx(m)6. ~ 6% x 10% M oem

of the fundamental for CO in the gas state, 0.58 x 10 M~
nations for such intensity enhancement have been given in terms of n=-

25,62 Stretching of

electron transfer from the metal to the 00 groupa,

a M bhond lowers the energy of the pn* orhitals which act as acoeptors

for metal dn-electron denaity (vide supra, Chapter 2). The dipole moment

change created by this charge transfer u;oountl for the large increase

in intensity. Sgnce the effacts on the 00 intensity due to variations

in o-bonding during a (0 stretching vibration are very um&ll,zs it is

ngaumad that they can be ignored and that the intonlity of metal carbonyl
;trotching vibrationa ias determined solely by ;-bonq;ng of fects. This

assuymption appears to be in accord with many of the results which have

been published.

om'z).zs Expla-
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Thus, the 0 in'oena&ty of a metal carbonyl complex can b¢ taken as
a measure of the axtent of m-bonding present in the molecule. Replacement E
of one or more of the (0 groups in a metal carbonyl complex by other g,:
ligands of varying o-donor and Ti-acceptor ability should result in a
change of T bonding to the remalning D groups (vide supra, Chapter 2),
This should in turn lead to different values for the (0 intensitles. @.
it should be possible to gain an appreclation of the sensitivity of metal
- carbonyl complexes to aubstitufion by studying the integrated intensities
of the CO stretching absorptions of the various molecule:.
Unfortunately, it is not clear how a change in m-electron density :
in a2 metal ca.rbonylc complex will be distributed among the various O

N

stretching modes, since both electronic coupling among several (0 modes ‘

or vibronic contributions to individual OO modes often occur. Thus, a

method of analyzing the measured intensity data whereln coupling could

be disregarded was described.u'ZS The total integrated (0 intensity of

any particular metal carbonyl ¢complex is independent both of the angle

between any of the synimetry related dipole moment derivatives and the

symmetry axis and of any vibrational coupling, provided that theé bond

momgnt derivatives of all carbonyl groups in a molecule are identical

and that there is only electronic interaction between the carbonyl groups,
« These requirements are fairly rea‘sonable“'25 and appear to be quite i

. realistic for most of the metal carbonyls and their derivatives which

B N
- VTR SRR WS

have been investigated,

f - .
o s s

Dividing the totaQ absolute integrated 00 intensity of a metal To,

L

7

s
-

o SN e 147 A

B

EPC

carbonyl complex by the number of carbonyl groups present in the molescule
. affords the 1ntfegrated intensity per carbonyl group, or specific

e intensity.su Using specific (O-intensity data, it is possidble to compare

2%
e
5

Y




(O-intensitles of metal carbonyl complexes of varying molecular symmetries
and with differing numbers of carbonyl group-.“ In their recent review.
article on the CO-intensities of metal carbonyl complexes, Kettle and

Paulu utilized specific CO-intensities in order to reduce the published

data (reported using several systems of presentation) to a common basis,
In this manner, a ready ’comparison of existing results could be made.

The work in this thesis constitutes an additional 'study of the
integrated intensities of the carbonyl stretching ab‘sorptions of metal
carbonyl complexes. The CO-intensities of the indiviflual stretching
vibrations as well as the specific (0 intensity results for the following

series of compounds will be considered: C.r((X))6, (Cycloheptat_riem)!(w)3

. and (Bicycloheptadiene)ﬁ(m)u (M = Ccr, Mo, W), gg-uo(oo)j[P(%Hs)}_xm x]3

(x = 1-3), cis-Mn(00),LBr (L= P(C6H5)3. Aa(C6H5)3. Sb(C6H5)3]. and K

n-RC H“Mn(CO)B (R = H, an) and N-C_H nn(oo)zcs. The first measurement

5 575
of the infrared intensity of a thiocarbonyl stretching mode in the metal

thiocarbonyl complex, T-C.H_Mn(C0),CS, will also be discussed. The
2

i
sts
features of Kettle and Paul's report which are pertinent to the research
carried out in this thesis will be reviewed at the same time; where

applicable, the results of more recent publications will be summariged

as well,

Hexacarbonylchromium(0) ¢

The Cr( 00)6 molecule is octahedral (Figure 5-1) and possesses o,

symmetry. Group thaory23 predicts one infrared-active 0 stretching mode

(Tiu) for compounds of this typ‘e (Figure 5-2). ,As expected, the infrared ’ﬁ«é
spectrum of Cr(00), displays a single 1solated peak in the (0 stretching ;g
region. ) ‘;

A5
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Figure -5-2. Infrared-Active (0 Stretching Vibration of the

Cr((l))6 Molecule. o
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Since single peaks which are agsentially free of neighbouring

absorptions make convenient standards for comparison of intensity
measurement téchniqueg. we measured /the integrated intensity of the CO
stretching mode of Cr(00)6 to chegk the reliability of our measuring
techniques (Tables 5-1 and 5-2). " The first point that emerges from an
examination of the results is that the two integration methods used to
measure gand area produce almost identical results., Thus, integration
of band area by the welghing method and by Simpson's rule are considered ?
to be essentially equivalent procedures. \\\*

Second, if our specific CO intensity results are compared with the
published values for Cr(CO)6 (Table 5-5)..1t is evident that our results
b -1

obtained by Ramsay's method, 4,71 and 4.69 x 10 M~

en~2 (integration "
performed by Simpson’'s rule and the weighing method, respectively), agree

very closely with the.reported values measured in the same solvent (Bf

hexane), 4.655% and' #6150 x 10" M1 en™2, Since Abel and Butler'st®

o b

value is not corrected for the finite slit width of the spectrophotometer

result was also determined by using one of Ramsay's methods (Noack's

and, as such, 1s only an apparent intensity and so should tend to be
somewhat lower than the corrected results), it is apparent that our
technique for determiniqg integrated intensities by Ramsay's method
compares well with the ﬁ;maqy techniques of other researchers, and so our
Ramsay results may be reliabiy compared with equivalent values in the
literature. Also, the specific intensity results obtained by the Wilson-

Wells and Russell-Thompson extrapolations (Table 5-2) tend to be somewhat

higher than both our Ramsay values and the published results. This is

. the expected trend because Russell amd Thonpaon9 noted a similar increase

A
i

. , ﬂ
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TARLE 5-1

Infrared Frequency, Half-Intensity Eind Vidth, and Absolute Intesrated Absorption Intensity for

the 00 Stretchirg Yibration of Cr(C0) in n-Eexane Solution ¢

: . Vaax b';. g’ 10° ! a2
Integzation Yormal A1 1 ¥1lson- Russell- i
Complex »ethod mode o (. Ransay Vells Thoapson Yean z
&(m)s Sizpson’s Tlu 1956.9 1,92 28.3 (: 0.6) 29.8 (: 1.9) 29.8 (: 2.0) 29.3 (: 1.5) h "
&'(m)s Velghing - Tln 1937-2 2.00 28.2 (: 0.6) 29.9 (t 1.3) 20.1 (: 1.8) 29.4 (: 1.1) ;.}
> f!.f‘ﬁ
*These are the true half-intensity band widths computed from the observed values by applying Ransay’'s corrections for the fimits slit width "
of the instrument [D. A. Ramsay, J. An. Ches, Soc., 7%, 72 (1952)]. o
P

1 1o -1

*eDefined as a'fbgmh‘lo(f')v“' wvhere ¢ equals the cooec{ntnuon of solute In M °, 1 is the cell path length in c=, and Ioy and I, are the %f,’:‘é
incident and transaitted intensities of monpchromatic radiation of frequency v. Bamsay: E is cosputed by taking the memn of the sheerved inten- ﬁ}
sities (defined ss Z}fx Ilogm(:_°)vdv, where To, and T, are the cbeerved intensities of the incident and transaitted radlation whes the spectro- N

)homllntutf;“mv)obtaimdn.nmbcofeoaeon_mummdiamaungitbyz(. rhmbminpccnthouo'mu-w

:

deviations froa the mean., ¥Wilson-¥ells: E is evaluated by extrapolating the observed intensities taken at several concentrations §s sero

.
3

concentration. The nusbers 1n parentheses are the standard deviations froa least-squares smalyses of the iritensity versus concestzation plots.

£ 4%

EY

L
X

Russell-Thoapeon: £ 1s determined by extrapolating the cbserved intensities taken at a number of concsntrations to serc appareat pesk optical
density. The nuabers in parsntheses are the standard deviations from least-squares aralyses of the intensity versus peak optical demsity plots.

Y '& g' s 4

A

Fsan; the £ value is the mean for the thrwe methods of deteramination. The mmbers in parentheses are the average standard devistisss for the
.mm ° o
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a

in integrated intenaity with their ,oxtnpol%uon procedure over the value
predicted by Ramsay on the basis of the assumption of a Lorents band
contour and a triangular slit function., Therefore, it is reasonadble to
assume that our extrapolation( techniques are comparable to other

extrapolation techniques.

Group VI ‘Metal-Olefin Carbonyls

-~

Early in the study of the 00 intensitlies of metal carbonyl complexes,
Beck and N:M.:mmn55 observed that the specific C0 intensities of isoelec-
tronic and isostructural series of metal-carbonyls increase steadily from
cationic through neutral to anlonic species (Table 5-3). The most striking
example of this trend is for the series nn(oo);. cr(00), and V(G))6'
(Table 5-3). Such trends are thought to reflect the greater avallability
of metal du-electron density 'with‘fh\aglng negative charge. A consider-
able body of data supporting Beck and Nitgmann's original obsorvatlonsL is
now available (Tables 5-3 and 5-4). o

Another early observation was that for related specles in a given
group, an increase in atonic number of the transition metal atom results
in an.increase in the 00 intensities. This observation ims aiso been
consistently reported (Tables 5-5 to 5-7) and is lr; good amne;t with
T-bonding arguments since one would expect the avallability of metal
dn-electron density to increase with the size of the metal atom electron
cloﬁ. In the cage of Hn((n)6* and Re(m)6+ (Table 5-6) and some complexes
containing iodo ligands (Table 5-6), however, some anomalous behaviour
has been reported. '

A comparison of (0-frequency and band-width data for the two series

of group VI metal-olefin carbonyls studied in this work shows that there

. p
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Figure 5-3. Structure of C,Hgh(C0); Molecule (K = cCr, Mo, V).
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Figure 5-4. Infrared-Active 00 Stretching Vibrations of the
"'7"3"(‘”)3 Molecule (K = Cr, Mo, ¥).
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TABLE $-3

-

(A
L

Specific Intensities for the (0 Stretching Yidyationa of Some Jeoceleetronic

and Isostructural Series of Netal-Carbonyle®

Conplex

ns(),
0o(00),”

Hn(w)6*
cr(00)4
v(m)s'

Mny(00), 4
Cr, (00), g2
ra(00)*
¥(00)g

Solvent

'r:trihydrofmn
Diethyleneglycol
2 diethylether
Tetrahydrofuran
Tetrahydrofuran
Tetrahydrofuran

Tetrahydrofuran
Tetrahydrofuren

Tetrahydrofursn
Tetrahydrofuran

Specific Intensity’
a2

wl

h9s
7.50

.5
6.10
9.47

3.85
695

2.1
7.7

Bl

»

%5. F. A. Xettle and I. Paul in “Advances in Oxmunu Chealstry,” Vel. X,

oy
Fo G, A, Stone and R, West, Ed., Acsdenic Press, Inc., Wew Yoxk, N. Y., 1972, pp 224, 2)0.

®

As defined in Table 52,

V. Beck and R, E. Nitssann, 2, “aturforach., 178, 577 (1962).
%R, M. ¥ing and D. C. Crocker, Inors, Ches., 6, 289 {1967).
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' TABLE 54 .
Specific Intenaities of the’CD Stretehing Yidbrations of Sess Isseloetzonts X
" and Isostructural Series of Netal Carvonyl OCesplexea® . i
Specifia Intensity®
Conplex Solvent 10° 0! oa? Reference
na(co)scx Chlorofora 3.08 . °
e:(m),cx‘ Chloroforw (W . .
nn(oo)sar ' Chloroforn 3.26 “ e
- - ' -
a-(oo)’n:‘ . Chlorefora 552 °
Q
™ nn(oo)sx Ghlorofoxrs %3] .
e:(m)st‘ Chlgrofora 6.28 .
M (02) 2r ' Chlerofora | a2 .
v(oo),nr" Chlorofora 6.08 Y
? - ‘ ‘J
m(m)sx Chloroforn * 8,19 | ° v
v(m)’x’ Chlorofors . 6.20 ™ .
Sig-re(),or, pelermare 1.0 [} -
m—m(m)tnr; Chlorofors 3.0 . r
' sArre()1, Chlozofora, ) .0 .
sia-tn(00),1,” Chloroforn - %9 . :
o ) ’ i ;‘r':
Co(@)yH0 Tetralydrofwran . 818 . A
Moo))no‘ Dethyleneglycol : E
, < ‘ diethylether $.16 . ]

%S, F. A Xetile and I. Paul 1n “Advances ia Organcestallie Cheatstry,® Vel. X, .
K. G, A, Stone and R, Vest, M., Acadgalc Press, Ina., Mew Yerk, W Y., 1972, pp 226,
PAs defined in Table S-2.
B, V. Avel and I. S, Buller, Iyany, Papsday So.. 63, 45 (1967).
; ] k. Boack, Helv, Qhim, Acta. 83, 107 (1962)
%W, Beck amd B, I Mitesam, §, Murforsch.. 120, SY? (1962).

to




e )
"" 5)“, a " - 13
- = . o -~ N
R R R RN S YT T P -

TABLE 5-5 -
.- Specific Intensities Zoxr the (O Stretching Vidratioans of a
Serles 07 Croup VI Petal-farbonyls in Various Solvents®.
Specific Istensity,” 10° ! a2 )
Tetrachloro- Caxdon Tetralyydro-
Coaplex gﬁmmc n-:;:onucd et.hylomd tetrachloride® furan®
—— . R 4
°"(‘°)6 a.61 .65 . 5.09 5.1% 6.10
u‘o(e:o)6 5.% 5.01 ‘519 - .
'(m)‘\ 5.% 50” 5.” 60& 7.7, £
%S. 7. A. Kettle and I. Panl in ~sdvances 1n Organcmetallic (hemistry,” Vol. X, P. C. A, Stone
and B. Vest, Ed., Academic Press, Inc., Sew York, K. Y., 1972, p 22%. 3
Oyss defined in Table 5-2.
o = N &
7 2. ¥. Adel and I. S. Butler, Trans. Tapedsy Soc., 63, 85 (1967).
4. Scack, Melv. Chim. Acts, M5, 1567 (192). -
V. Beck and R. E. Mtgmnm, 2. "etwrforsch., 178, 577 (1962). )
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TAME $-6

lnﬂno Intensities for the O mmnm vibrattons of Sene Saries

of Qroup V1 énd VII Fetal-Cartonyls and }»zlnunc

Spesifie Intensity®

Stone and R. Weat/ Bd., Acadenio Press, Inc., Mew York, ;‘..Y.. 1972, pp R2h, 225, 327,

L]

As dof in Table $-2

V. Beck and M. X, Yitssann, Z, “sturforsch.. A7 5?7 (1962)
. L. Breva and D, J. Darensbours, Inorz, Chem.. §. 971 (1967),

® ¥, Yesneyanov, G, O, Dvoryantiseva, Kh, P, Puadyl'aik, Yu. N, Sheinker, V. B, M

Conplex Solvent 10° 1) a2 Deforence
k(o) " Totrahpdsetursn 2.52 .
re(00),* Totrahydrofuran 2.11 e
m(oo),r(cm), petexane 5_.25
no(co),r(csn,), fi-Nexane 6.0
neC M Pn(m)) s Carbon tetrachloride 4,08 °
'n-c oM n.(oo), - Carbon tetrachloride $.% °
(«-céu’mc,u,.)nn(co), Garbon tetrachloride % N
2 (ﬂ-cdcscxxzi,.u,‘)no(tx:t)g Carbon tetrachlaride 5,16 .
An(00) pr ¢ Chloroforn 3.0 (3.76) (1)
n(oo),n: thloroforn b,15 (b,25) é (1)
m(oo),x Chlmr;n M2 ‘ ' 4
no(co)sl Chloroforn / 5,19 ' 4
Q“m) 5¢1 - \ Ohlorofore < ' ‘o” gf
v(oo)sm' T Chlorofors , 6.2 g
cn(oo)sn' Chloroforn a5 ¥ 4
v(oo)’nr‘ Chiorefora 6.08 ?
cr(00) g1° Y Chlorofors 6.20 ¢
v(m),:‘ thloroforn 6.20 £
88, F. A, Xettle and I, Paul in “advances in Orqn’nmuliia Chealatxy,” Vol. X, 7. G. A, .




TABLE §s?

pge—

lpulﬂe Indepaitieq for Whe l\nuMu vnm\lon
of Sene evies of Felynuslear Hom-@owlo

a g B i B

‘ Bpeeifie tnun-lw"

Gonplex Holvent 10* 1) -t
"l(m)IQ Onloh‘um .87
u-,(oo)m ‘ Cyelshenane : b 1Y i ¢
tn, (00), 0 Carben tetrachleride 336
wm(m)m Oarbon \etrachioride . Yook
Mo, (0)y4 Garbon tatrechloride 2.6
nag Ks)tonn(m)u ‘ Curbon tetrachloride 3.68
n-o,nsm.(m)e Carbon tetrachloride &,08
n-esn VHn(00), Carben Vetrachloride . 3 7h

5« m(m)o Gatbon teirachloride b33
n-c,n,mm(m)o Carbon tetruchloride 3.68
«-csn,vnn(oo)o Carbon tetrachloride 374
n‘csll,noﬂo(m)a Carban tetrachloride 4,08
M’ﬁsﬁh(m)a Oarben Vetrachloride . b3

'

ll&z(m)m‘ Tetrahpdrofursn B N 1 - e .
mz(m)!o - | Tetrahydrefuran é. » e

%, ¥, A, Xettle and 1. Paul 1n “Advanees in Organometailic Chemistry,® Vol. X,

F. G. A Btone and R, Vest, 5., Aoadenic m.“ 1ne., New York, ~ YQQ lm' ] ‘”' L5
VA dofined 10 Table Se2, '

i

%z, u. ¥ing and D, O, Crecker, Inorg Chem.. §, 269 (1967). P m 1_~:‘§

‘A. N, Yesmsyanov, G, Q. Dvoryantisevs, YTu, ‘i, Sheinker, !, ¥, Xolobova, and K: N, %}

. b

Antetnov, Pok), Aloda Mawk SE3N, A69, O3 (1966)1 Aced, icd, VEGN Chem.. 169, 751 (1966), 74




Is 11ttle change in elther variable if golng from chromium to tungeten
(tables $=0 and $=9), Because of this, a study of the Q=intensities of

thp two seriems of compoundms was undertaken to see whether the expeoted
inerease in GO=intensity with increasing eive of the metal atom would
vecur or whather the two series of meial-olefin v;rbonyls would be further
excaptions to the general tremd,

Owing to the 1ncnmplete delocalination of the N=electron aystemn in

eycloheptatriene, free rotation about the metal-ring axis does not oeeuraz

(Lie., cycloheptatriene«metal vomplexes have the ring fixed with_ respect
4o the carbunyl groups). The structured of the O7H8M(00)3 (M = o, Mo, W)
molaculed 1r 8 plano=slool type arrgngemant (Figure 5=3), with the exaot
disponition of Lhe carbonyl groups relative to the ring as yet undecided,
Tﬂn Aymmetry ia r:1 for'whjvh proup theory pradiote three Anfrared-aoctive
(0 stratehing modes (3A). \ Kach o rhbnyl group should give riae to a
aymietrio A stretching mode of reamonable intensity (Figure 5=4), As
expected, Infrared mpectra exhibiting three well-resolved bands of
comparable intensity were obtalned,

Holecules of the type ggg-ﬁ?nuﬁ(rX)hL/(M,~ Cr, Mo, W) have an f
vetahadral atructure (Pigurnﬁ&-s) ard poscess formal Gy, Gymmetry. Four
1n?rared-aettv- 0 etretchigg.ﬁﬁ&eszizg%\f ni + 92) would be expeoted
for such an arrangement, TA trans palr ;k ocarbonyls should produce &

(2) . .

cmnk M mode (vhich may b( morgflntenuo than antioipated because of

soupling with the other A1 mode) and a strong antisymmetrio Bl stretohing
mode, while the other two carbonyls should give rise to a symmetrio Al(l)
mode and to an antisymmetrio Bz stretohing mode of comparable &ntnnglty }f

(*igure $:6),* '
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Figure 5-5. Structure of the'nor-C,Hgh(C0), Molecule (i = cr, Mo, W].
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Figure 5-6. Infrared-Active OO Stretching Vilgntions of the
- nor-C,Hg(00),, Molecule [# = cr, Mo, W], ' -
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The mpectrum of nor-CVHBC‘NFO)u .does display four well-resolved bands k)
in the &0 ttrctohlng region as expected; however, tho spectrs of the ;
molybdenum and tungsten Annloguol exhibit only three distinct peaks., It £
is 1ikely that the strong middle band in the spectrs of these two compounds
actually conslsts of two coincident absorptions. The Oo-iétonlity data

for the series (Table 5-9) help to corroborate this view; it 1s clear that

)

the intanaity of the strong middle band of both the molybdenum and tungsten
complexes is comparable to the sum of the intensities of the two middle
bands of the chromium complex,

Probable assignments of the four peaks in the 925'c7"80r(°°)k

spectrum in order of decreasing frequency are Al(z). Al(l). Bl‘ and ﬂz.

\Fiupeotivoly (table 5-9). The highest frequency band is readily assigned

to the Al(z) mode since the local dipoles of the Al(z) mode have their

similar poles facing one another and hence there should be some cancella-
tion glving rise to a weak absorption. The assignment of the By node to
the absorption at 1944 em ) i supported by the CO-intensity dnta; the 81

mode should glve rine to'the most intense band and the 1944 cu'l

absorption
18 in fact the most intense. The two remaining unassigned peaks itv1959
en! and 1915 on L were assigned to the A (1) mode and to the B, mode,
renpectively, since asymmetrical stretching ;odcu of vibration are expected
to be at higher frequencies than the '‘corresponding asyametrical modes of
vibration, ‘These assignments are also supported by previous force constant

73,74

calculations on isomtructural molecules, e.f., gig-Fo(OO)sz.
The CO-intensity data for the group VI metal-olefin carbonyls sre
presented in Tables 5-8 to 5-10. Trom a comparison of thespecific

(0-intensitiaes of the metal-olefin carbonyls with the values for the




TAZLE 5-8

Infrared Frequencies, Half-Intensity Band Vidths, and Absolute Integrated Absorption Intsosities for the C0 Stretching Vibtratiocas of the
qammm(m)3 Complexes 1n Methylene Chloride Solution

Vaax &y 4 £ 1% n? o2
Coxplex '::::J el ! Bamsa; -
y Yeolls ‘Thospeon Zean
C HgCr(D), A1) 19%2., 13. 6.13 (% 0.22) 6.93 (% 0.53) 7.1% (2 0.75) 6.7 (% 0.50)
¢ Hgno(), A 1983.¢ 1.9 7.23 (% 0.22) 7.62 (2 0.60) .63 (% 0.71) 7.8 (% 0.9)
& Mg¥(0), A 1991, 1.0 6.72 (2 0.22) 7.90 (2 0.85) 8.09 (2 0.56) 7.7 (2 0.4)
€ H4g0r(0), A@ 1916, 19.1 6.68 (2 0.17) ?7.50 (2 0.85) 7.6% (2 0.56) 7.27 (2 0.39)
C2gho(C0)y 12 1912, 22.0 7.93 (% 0.35) 9.17 (2 1.07) 9.2 (*1.3) 8.7 (* o.2)
¢ a¥(c0), A(2) 1908, , 20.6 7.5 (2 0.13) 8.06 (2 0.53) .8.13 (2 0.60) 7.90 (2 0.02)
CyHtyCr(c0), Ne) 18%., 26.0 6.1 (2 0.39) 8.37 (% 0.61) 8.3 (2 0.73) 7.66 (2 0.36)
Cgre(c0), 10 18%0., 27.0 7.8 (2 0.13) 8.3 (20.a8) . 8.8 (24.23) .22 (2 0.13)
LERCOR 1) 7., 25.8 2.37 (2 0.08) 7.3 (2 0.27) 7.3 (2 0.29) 7.3 (2 0.20)

**“As_defined in Tadle 5-1.
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TABLE 5-9

P

el

Infrared Frequencies, Half-Intensity Band Widths, and Absolute Integrated Absorption Intensities for the (0 Stretching Vitrations of the
(Bicyc.lohophdiom)ﬁ(m)bccom'bloxes in n-Hexane \Siluuon

Voax Av;. f 2°* 10‘ ! 2 \,
Normal 1 .1 Wilson= Russell-

Coz=plex node cn ca Ramsay Vells Thompson Yean
BOP-C,HgCr(C0), AI(Z) 2033.4 1.62 3.6 (2 o.n1) 3.5% (2 0.52) 3.58 (2 0.5%) 3.42 (2 0.36)
Bor-C,Hzno(0B), 2@ 2044, 1.50 2.62 (¥ 0.06) 2.57 (% 0.25) 2.55 (2 0.25) 2.58 (2 0.19)
nor-C,#g¥(C0), Ai(z) 2043, 1.95 2.8 (¥ 0.06) 2.79 (2 0.08) 2.79 (20.09) -~ 2.8 (2 0.09)
nor-CRgCr(00),, A‘(l) 1958.,, 2.86 1.92 (2 0.11) 2.26 (2 0.52) 2.26 (2 0,58) 2.15 (2 0.%0)

B, 1964, 3.38 9.29 (% 0.26) 9.57 (2 1.28) 9.9 (7 1.2) 9.85 (2 0.97)
Bor=C,Hgha(00),, [Al“). 2,] 1959., 3.7% 12.2 (Yo.8) 13.8 (Yo.u) 1.0 (20.5) 13.3 (fos)
Bor=C,Hg¥(00), (A‘(l), »,] 1957, 3.50 12.2 (Tok) s ¥10) w.s (211) 13.8 (2o.8)
Bon~G iaCr(00),, B, 1918, 3.78 7.76 (% 0.13) 7.99 (2 0.28) 8.02 (¥ 0.%) 7.2 (% 0.25)
Bor-C Higho(0), 3, 1913.¢ 3.86 919 (* 0.35) 9.90 (2 0.52) 9.97 (% 0.6%) 9.69 (2 0.50)
nor-Cgv(0), B, 1910, 3.80 8.13 (% 0.12) 8.37 (% 0.43) 8.81 (2 0.47) 8.3 (2 0.%)

.

» *"%as defined 1n Tadle 5-1.
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TASLE 510
' !
Specific Intensities for the (O Stretching Vidrations of the Crouwp VI Metsl-Ole?in Carboeyl Complexes
A Specific Intemsity,” 10° 8} a2
Vilscm- Rossell-
: Coaplex Solvent Ramsay Vells Theapson - Fsan
cr{00) 2 rethylece .
T > chloride 6.%3 (2 0.25) 7.55 (% 0.53) 7.69 (% 0.68) 7.2 (¢ 0.9)
N C RgNe( ™) _ Bethylene .
’ 3 chloride 2.66 (2 0.23) 8.39 (2 0.60) a.as (2 0.72) 817 Qo)
w(00) Fethylens
s 3 chloride 2.20 ¢ 0.13) 2.76 (2 0.82) 2.85 (2 0.43) 7.60 (2 o.3%)
; -
3 por-C, Bycr{co), 2-Bexane 5.53 (2 0.15) 5.0 (2 0.62) 5-% G o)’ 5% o)
4 - Bor-C,R¥o(C0), B-Bexane 6.01 (2 0.20) 6.5 (2 o.3) 6.62 (2 o.32) 6w (2 0.29)
- Bor-C Hau(CD), 2-Hexane 5.7 (2 0.16) 6.%0 (2 0.35) 6% (% o.m) &2 (Zom)
3 *is defined in Tadle 5-2. -
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parent hexacarbonyl, M(00)6 (Tables 5-zstnd 5<5), it is evident that a
mazked enhancement of CO-intensity ocours upon replacement of some of
the carbonyl groups with either cycloheptatriene or bioyclo[2.2.1}

hepta-2,5-diena, liowever, the intensity measurements of the oyclohepta-

triene complexes were taken in a rather polar solvent, metbylene chloride, %
while Fhoso for the hexacarbonyl compounds wers determined in non-polar :
n-hexane. Strictly, therefore, one should not compare the two results,

as part of the inorease in the CO-intensity value for the cycloheptatriene
spacles could be explained on the basis of solvent effects alon [1.0..
the marked band -broadening in methylene chloride (Tables 5-8 ang 5-9) .
indicates that considerable solvent ef{ects weres present . In the case
of the bicycio[z.z.ljhepta-i.S-diene derivatives, a comparison with the
parent hexacarbonyls is valid because both sets of intensity’;:::uromont.
Mere taken 1in n-hexane,

The increase in specific CO-intensity for th; bicyclo[2.2.1]hepta-
2,5-diene derivatives may be interpreted as evidence that there is an
increase in M-CO mn-electron transfer from metal to CO in the nor-
C7H8M(CO)“ species over that in the M(0066 molecule, Tha enhanced M-CO
1 bondipg upon substitution may arise from the decrease in M-L n bonding
or the increase in M-L o bondihg that occurs when a ligand with 1esto£ ;’
‘gzaccoptor or greater mn-donor ability replaces CO as donor group.

2y

Undoubtedly both these factors are important. A similar enhancement of

intensity has been reported for substituted octahedral carbonybr.6°'25'65

A comparison of (O-frequency, bard-width, and intensity data for

all of the group VI metal-olefin onyls atudied shows that there is “y

little change in the corresponding values as the metal is varied both
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when cycloheptatriene and when bicyclo{2.2.1 hepta-2,5-diene act as 1
ligand. No correlation between (0-frequency or half-intensity band width . ’

and s@u of the metal atom is ap;aront; however, there seems t0 ba a ’:
slight tong,g_gp{-for the O0-intensity to increase in the order Cr < W < Mo, f
Alt):éugh the varlation is saall and considerable overlapping of values

is present, the trend waa considered to be significant because it is

obaex:vod in both astudles. Thus, it would appear that the extent of metal-

00 W bonding is greater in molybdenum than in tungasten in the olefin

complexes studied here, and hence the results are not in accord with the

general trend (1.e., t for any particular ty;io of complex, as one

increases the atomic numbdr of the transition metal atom the (O-intensities

increase). So, 1t appsars that these two series of group VP metal-olefin

\ , carbonyls are also exceptional in thelr behaviour in this regard.

Molybdenum- and Hanganese-i‘hosﬁhlno Carbonyls

., Another observation which haa‘ bo;n consistently reported in the
motal carbonyl CO-intensity literature is that if there ia a halogen '
atom bonded directly to a transition metal atom, a relatively low - f
specific 00-intensity compared to the parent carbonyl will result (Tables
) 5-11 to 5-13). The trend which has been ‘gonotally observed is that the

specific CO-intensity of a meta)<hxlogen carbonyl complex decreases in
¥

the ﬁxd/er 1 > Br > Cl; although some conflicting results havo‘rbnn
reported, they are the exception rather than the rule. The established
trend is in good agreenent with n-bonding arguments since one would e
expect that the highly electronegative halogen atoms would uitﬁdmu.,ch;rgo
{rom the central metal atom leaving less ut.;l dn-electron density

. available for backbonding with the 00 groups.




TABLR 3-11
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i Rpesifie Intensities for the 0 Blretening Vibations of Sons Bortes g

of Growp VI PetaleHalegen Carbonyl Complemes® . b3

Speeifie Intenatty® E

Couplen Bolvent 10 ! -t Meferense 4

or( )¢ Tetrahydrefursa é.10 ¢ =

;

. ar{ )@ Gnderetors (W) f

ar(00) 8" Oherofers a5 ‘ A

(o)™ - hovotorn .28 ¢/ 3

i(cn)‘ Tetrshpirefvren ‘ 7.7 . _

¥(00) 01" chlorofors © b i
, w()pr™ - . Chleroforn ' 6.08
J v(m),x‘ Chlorefera . 6.20

%8. F. A, Ketile and I, Paul 1n “Mvences in Orpanemetaliie Chemtetry,” Vel, X,

F. G, A, Bione and N, Vest, Bd., Acadeaio Press, Ine., New York, N. Y., 1972, » 225,

®Au defined in Tadle $-2. 5

e Deck and N, B, Witsaans, 1, Satuxforsch.. 12 577 (1962).
4. V. Abed amd 1. 5. Butler, Trans, Taradar 399.. §3. S (1967).
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TADLS S5-12 ;

\ " 3
\ N_5gpecifie Intensities for the 0O Biretohing Vidrstions of Some Beriss
of Croup VII Netal-Halogen Carbonyl Complemes®
Specifio ln\onn\yb

Complex Solvent 10° 1! o2 Reference
mnf00)s* Tetrahydrofuran 2.52 .
nn(oo)’cx Chloroforn 3.08 |
M(d)),h; Chloroforn 3.76 . ¢
Mn(00) ’I Chlorofora A % 5} 4
gia-Hn(00), C10x" ‘Chlorefors 2.77 ¢
gia-Mn(00), br," Chlorofors N ) 4
oig=Nn(00), BrI” Chlorofors p R ¢
gis~tn(00),1,” Chloroforn 1 2.9 4
an(m)m Chloroforn 35 .
nmz(uo)ecxz Chloreform 2.5 L 4
unz(w)aar2 Chloroforn 2,70 4
an(m)exz thloroform 35N 4,
Re(00)* Chiorofora ' a1 .
Re(0) 5" Chloroform h2S 4
no(oo),x Chloroforn a19 [

o S, F. A, Kettle and I. Paul in “Advances in Organcastallic Cheaistry,* Vel. I,

F. G. A, Stone and R, w..‘. N.. Acadenio P"... rnﬂ.. Now 'or*. N, YO. lm. ”» m. u’.
226, 230,

blu defined in Tadle 5-2,

» . Back and R, E. ¥itsmann, 3, Vaturforsch., 17B. 577 (1962).

g, ¥, Abel and I. 8. Butler, Trans, Tarnday Soc., 63, M5 (1967).

R, N, Ving and D, C. Crocker, Inorg, Ghem., §, 269 (196‘1;). \

4 / .
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: : fanix 5-1)
Specific Intensitiss for the 00 Stretching Yibretions o &
) of Some Serles of Iron-Halogen Carbonyl Complexes™ . :’f‘.
-~ Specific Intensity’ , S
. LI W :
Complex Solvent 10 X% ca Reference -
' e —————st .
n(co)s ' p-Hexane 3.8 e
ela~Fe(00),C1 -1, CmCH-CH, g-noun; 2.8) I
S18-Fe(00) B H, Cot-CH, n-Hexane 2.8) ° ’
A, gg-ro(w)3c1~uzc-oa.aim, -Nexane - 2,90 e I
g;_g-r.(m))ar-nzc-m-mcu, . h-Hemane 2,80 e :
] ela-re(00),c1, Tetrachloroethylene 1.66 o
sie-Fo(0)ybr; n-Hexane - 1,84 0 o
: cls-Fe(C0),1, ‘ . h~Hexane 2.% ’ . oo
) ‘ -
u-csusrt(w)zcx R=Hexane 2.7 { , 4
n-csusr.( oo)znr , n=Hexane 2.9 . . : "
n-cinsr.(oo)zt ne-Hexane . 3.1 4
n.csnsr.(co)zm Chloroform 3.6 . '
m-CgH Fo(C0), T Chlorofora ' .64 .
¥ i . %S. F. A. Kettle and I. Paul in “"Advances in Organometallio”Chesistry,” Vol. X,
) P. G, A. Stone and R, Vest, 4., Acedenic Press, Inc., New York, M. Y., 1972, pp 226-229. ® ot
' " Pas defined 1n Table 5-2. ; ‘
3 "~y k. Yomck, Helv, Chim, Acta, &S, 1687 (1962) ) - .
. ' 4,. Dalton, I. Paul and F. G. 4. Stone, 3o Chen, Soa., A, 2704 (1969). N
‘ o ®D, J. Darensbours, Inopg, Chem., 11, 1606 (1972). Co
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N Specific Intens{tiab for the (0 Stretoning Vibrations of Some Series .of
<0 J " ‘Metal=Carbonyl Comnplexes with rholphorul. S8ilicon, end Tin Ligandy R
L » Bpecific mmm
. : Complex - ’ ., Selvant 10“ 2 Reforence
7
. . re(00)g . ‘R=texane 533
* > .
¥o(00) P, ) «l'exans - S22
o : . " pwiar e '
. Mo P(CeHy)n - -nonn, - 3 U ‘ »
- §757 ") b )
L L e(00) . ' thmm b2 v e
1:gg-m(tX)),(l’cl‘t,)3 : Qrelohouno LI ) . o
‘ ca(00), 811, n-Hexane , 38 7 | L
I o v ﬁ&ﬂw)us*(%"g), f=llexane 260 L oo
B § . y . - . g . : .
) n csn’ro(co)zsnm,s : Chlodoforn 5 15 I .
) - “‘cs"sr'("?)zs"(c6"s)) . Chloroform N 3.1 ' I
/ o ' - s
Y y . *2s dofined sn Tadle 5.2, '
' . *
¥ . 0 L. Prown and D, J unn-bou;( Inorgs Qn. 6,971 (1967)1 2. ' Darensbours .
. apd T. L. Brown, Inorg, Chem., 2. 959 (1968). &
' R Benlian and M, Disdrene, Bull, foc, chim, nunco. 4106 (1967) : ’ ‘ ,
. g ‘D. J." Darensbourg, Inore. ('Mn. Acta, 4, 597 (1970). N “‘
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Noack has shown that the halogen effect was additive for some of the
iron halogen derivatives (Table 5-13) that he studied, It would be
interesting to see if his observation could be extended to other h‘iogun-
containing metal “cartonyl complexes where the halogen is not bonded
directly to the central metal atom, In metal-halophosphine carbonyls,
for ingtance, one would arpect that the halogen effect, although -on:uhnt
diminished In magnitude, would be transmitted through the phosphorus atom
to the central metal atom and s0 on to the CO groups.

with thisMdea 1in mind,, a preliminary inveqtigation of a series of
ggg-Mo(OO)JLPQE6H5)3_x01xJ3 (x = 1-3) was undertaken. fho 00 frequencies
and’half—lntensity band ;1dths were 6§ZETh;; to see if any definitive

»

trends could be observed (Table 5-15). tioth band characteristics seemed

‘to be affected in the expected manher with successive aubstitutidn of

chlorine atoms onto the phosphine ligand, Moreover, a compari‘on of the
Lv? values for the _[g_g-Mo(CO)é{PClB)3 complex measured in a ratfer polar
B(;lxgnt; methylene chlt;rldo, and in non-polar n-hexane indicated a rather
strong goldbnt offect on band characteristics as well. The results for
the moerles suppest that solvent and suhatitution offects act‘ih the same
way., )

It is difficult to define the properties_which mainly affect the
Lv; values. It may be supposed that the extent of polarization of, the
carbonyl g;oups and their ablility 4o interact with their environment

4
depend upon a combined action of the o-donor and m-acceptor properties

2 .

of the ligands.67 llowever, steric effects should not’bo overlooked; the

largest CV; values ware obtained in the moto‘htrongly reacting solvent

4

as wall as ¥ith the bulklier substituent ligands. Likewlse, the CO

©




L .
this corles of compounds was undertaken to see if a similar trend would

fruqu?nclel reflect tﬁo combined action of o-donor and n-‘oocptor proper- °
ties of the substituents; that 1s, the steady decrease in CO frequenaiea
along the nerles _f_‘_g_g—Mo((X)))(PCIJ)J. _f}_q-n.o(oo)jfv(%nﬁ)mz']y and }
[gg-ﬁo(00)3[P(C6H5)2CIj3 inplies that thoro is either & net decrease in
M-00 o-bond strength, 6:‘ an increase in N-(O W bonding, or both,

In order to gain more insight into tho o ard 1 contributions to the
bonding in the various phosphine ligands, we declded to measure the (0
Intensities of the comp;undqé 9ince tWe preliminary investigation ofﬁ
the Eﬁs-m?(oo)3£r(c6h5)E-xC1x]3 (x = 1-3) complexes revealed such definite
trends in Q0 frequenciss and half-intensity band widths with successive
subgtitution of chlorine onto the phosphine, and since specific CO

intensities for a simllar serlos of comploxoa_gfmonstrated the expected

dependence on chlorine (Table 5-14), a study of the (O-intensities for

o
t

OoCCur.
The ggg-ho((D)3LP(CSRS)3_x01x13 (x = 1-3) molocules are octahedral
with tha throe'carbonyl groups arranged glg to one another (Flgura 5-7)1

the formal symmatry is © The three carbonyls are oxpected to glve

v

rise to two infrared-active 0 utro?[;ing modess 8 symmetric Aloatratching

wode ard a dofenerate £ mode (Vigurejs-ﬂ).’ All three compounds display

two sti‘nng’hands in the 0 ’stret.ching reglion an predicted. \.
The OO-!ntéd'I‘y data for the moiybdonum-phosphine carbonyls are

prescented in Tables 5-19 to 5-17. Tho ronulie are somewhat surprising.

“{rstly, although there is a marked solvent effect upon the Av; values,

no solvent effect upon the integrated intensities is apparent in this 4

study, Intensity results for fgg-Mo(oo)B(PCI determined in polar

, 33
methylene chloride and in non-polar n-hexane show no significant change; '
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Figure 5-7. Structure of the fac-Mo( ©0)4Ly Molecule [L = PCL,,
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TAZLE 5-15

Iafrared Frequencies, Half-Intensity Band Vidths, and Adsolute Integrated Abaorx;tion Intensities for the (D Stretching Vitrations of the
gg-m(::c>)3(?hospta1m)3 Complexes

1]

v *
mx by g’ 1% xl o2 .
Sorzal 1 a ¥ilson- Pussell- '
Coxplex Solvent node ca e Rarsay Vells / Theapeon Yean
Zaco(00)4(PC14), n-texane Ay, b0, 1w 66 (Pozz) 27 (Cow) 7.9 (F035)  2.03 (P P.3)
fac-o{00),( ) Pothylene

3(F3,), chloride Ay 209.9  10.5 6.20 (F0.13)  6.07 (To0.80) 6.6 0.83)  6.07 (Zjo.32)
fae-ro(00),(P(cE,) Kethylene

AP, shloride A, 2006.,  12.9 5.7 (F0.09) 590 (Co.) 59 (20.36) 5.3 (20,26
fac-ro(m). [P(c 2. )1 Bethylene }

G, ehloride A 1970.,  13.6 6.20(20.17) 612 (2a00) 5.2 (20.79) 6.0 (2 0.65)
fac-no(@),(P02y), p-Hexane - E 1991, a6 101 (F0.3) 1072 (Pos) 0.7 (P0.6) 105 (2o.5)
fac-Po(0C),(PCL,), . - Netbylere
fac 3(PC4)y ehloride x 9%, 268 13 (Fo3) m2 (1) una (Fia) n2 (Cos)
ac-2o( ), [P(cE, ) Xethylehe

[P (eghsI ), chloride 3 19%0., 332 no ((oa) 108 (2o.s) 108 (20.6) 1.9 (Co.)
Lac-Mo(®), [P(CH, ), Fethylens . ’

~ [P (cets)y chlaride E 18%9.,  37.0 2.0 ((o.5) 1.8 (P30) 108 (T2.7) s (T2.1)

®+%°sa defined 1n Tadle 5-1.
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TA3IZ 517 , ‘ . -
Specific xmus' for. the OD Stretching Titratlions of the &Qa(&)’(mjj @.‘1..“ st of the cla-wn{CD) 2r Conelenss
. co _ ) : Specific Izteastty,” 6% rl a2 -
- 7 a TeeseIl- ;
© . Cosplex Sslvent Baxsay Tells Theapeon Peax
T fac-ro(c0) (et )y slemane 552 (2 0.17) 5.96 (2 0.29) 6a (Te.m).. 5.85 (2 0.26) .
Lae-%o{00).( )y Rethyl . / !
- 37 chloride 5.8  o.28) . (Tom) 5.71 (2 .5) 575 (2 0.38) :
fac-Bo(@),] (CE, . Pethylese . . .
e U %)a’]’ chloride 5.58 (2 0.06) 5.5 (2 0.28) 5.% (Fem) s.57 ' o.22)
Lac-to(00).J (C.2 . ). O Nethylens . - %
F G50, chloride &n (o) 5.85 (21 ;W) 5.8 (2 1& 5.8 (2 ea)
PEECONETE AN TS a-Sezane 3.5 (¢ 0,12) 3.70 (2 0.25) " 3.7 (2 a.28) 26 (¢ 0.22)
as-ra() [as(cen) pr s-lamne 3.6 ¢ o) 3.6 (% 0.3) 3% Cox) 3.6 o)
P CONEEU R L prByzane 3.7 (2 6.22) 3; (T | 3.9 (T o) 3.8 (Z o.17)
| > As defined in Table 5-2.
< " 2 ?




apparently, the inorease in Land width with the polar solvent is roughly
compensated by the decrease in peak height, It should be noted, however,

that !"enlian and Bigorgno‘n63 value (determined by the Wilson-Wella notﬁod)

b -2

for fac=Mo(00),(PCl,).. in cynlohexane molution, 4,2 x 10 M"1 om °, i
— 3 373

conslderably lowaer than our results (also obtained by the Wilson-Wells
oxtrapolation method) for Both n-hexane and methyleno ohloride solution,
5.96 and 5,74 x 104yl cm'z. rQapeotivuly. This may reflect either a
dlfreronco in meaguring technique or a eolvent effeat or Loth, \
Second, 1 our result (gﬂtsinod by Hamsay's mothod)“ror ggg-Mo(Oo)a-
(l‘.(:lj)J in n-hoxane solution ia compared with the published value (also
determined by Ramsay's method) for Mo(CO)6 (Table 5-5) measured in the
name solvent, 1t 1o evident thﬁt there ia no slgnifloant change in the

tpaciiic C0-intansity an one goes from the parent hexacarbonyl, 5,39 x 10“

M'1 Cm»g.60 to the phosphine oomplgx. 5,57 % 10“ 1 0

63

v om™? [a point observed

by Menlian and Bigorgne ° as woll in their meadurements on Mo(bO)G and
MO(CO)j(P013)3 (Table 5-14)7), fhis may be idterpreted as evidence that
there is 1little change in the M-00 N-olnotron transfer from metal to (®

in the phosphine derivative compared to the Mo(CO)6 molecule. Evidently
any Increasa in the M-L 0 bonding due to withdrawal of charge by the '
highly vlectronegative chlorine atomp is roughly compensated by a decrease
in M=L 7 bonding so that thn expected decrease in the M-CO T bondipg upon
asubstitution does not occur,

Moraovar, unlike the AN; values and the CO frequanclies, no effect of
1igand Gpon tho‘intografod intensities 1s evident, indicating that there
is eanuntial]& no change in the extent of M-CO T bonding in the three
substituents, 1'013. I’(CG}:S)Clz and p(c6n§)201. This observation strongly

suggeats that the decrease in CO frequency as one goes from PCl

AN

3 to

ok

%J’* .
Pewsm 15 i



F(06N5)201 stems mainly from a weakening of the €O ¢ bond, and not from .

an inoreane in 1 bonding, The faot that there is no ﬂppriﬂiubiu change
in the intensity ratios either with the three 1igands (Table 5-16) further K
supports this coneluaion, Although/;hin is not the expected result,
similar concluslons concerning M-P bondihg characteristios have been i

re1»0{‘te\1.65' 75-78

It sliould be emphasived, howaver, that when bulky L
1igand groupe are present, intensity results should hot be interpreted
simply on the basie of the Neacdeptor and gsdonor ligind abilities alone, -
Geometricval factors, particularly as fatr as ategic distortion by the
substituent ligand is concerned, should also be conpidered,

Another interesting aspect of (0-intensity studles on metsl«phonp@#nn
carbonyls is with phosphine«like lipgands such as arsines and stibines, c
Sev.era] studles have been carried out onl ssries of métal carbonyl complexes
with phosphotus, arsenic, and antimony (of with eilicon, germanium'and
tin) donor ligande (Tables 5-19 and 5-20); however, no geheral trend is

apparent, A

I'rom a Comparisoé of' the (0 frequencies and half-intensity band
widthe for the series of gﬁg-mé(no)uLnr complexes containing triphenyl-.’
phoephine, -arsine, and -stlibine ligands (Tqble 5-18), 1t is clear.that .
there in no obvious trend, 1t appears, therefqre. that thers is either

no difference In the o- and Nebonding abilities in the three ligands or

“that any differences in 0 and 1 bonding complement one another (1.e., &

decreasa In 0 bonding in any one ligand may ha compensated by an increase
in 1 bonding and vice versa), 1In the hope of gaining some more information
concerning t\‘e honding characteristios of the three ligands, we deoided

to meanure the M0 intensities of the tetracarbonyl complexes,

.~



TABLZ 5-18

Iz’razed “requezcies, Ealf{-Intensity Band Widths, acd Adgolute Integrated Adsorplilon Intensities for the (U Strwiching Yilratisam ef the
. £2s-Fn(0),I3r Complexes in m—"exace Solztion

Coxnlex

_c_l_!—.".n( =), g(-’(csﬁs)j } T
Ss-n=x{ o), fas( c635)3_bx
=S CONELICR NN

c2a-xa{o),[as{cgr, )  Tor
sta-2a(c0) [sh(Cer )y Bx

}_
_g_:—:.—;(m)kﬂy(csashh
_e_:_s—am(w).[u(csss)ﬁr
s-ma({),fs( CeEs 3}1—

clexa(c0) J¥( Celig)y B
e CONCL CRRS
sho-Ea{) f(cer )y pr

£ 34

BAX A‘*
Yor=zal o

zode a T ol
A2 20914 2.60
2 (2) 2067. 3.06°
po(1) o 53
A'(f‘) 2023, 6.00
ar(1s) 2021. 5.88
I 2006.. .58
A" 2012, 6.48
A 2009.,, 6.9t

L) 1960. 5 11.0

AL 36., 1.5

A'(‘) 1960.~ 10.5

=, e 10‘ (—1 G-Z
o Wlson- fussell-
Farsay Tells Therpson’ Pegn
1.8 ¢2 0.03) 1.6 (2 o.11) 1.63 (2 a.12) 1.62 (2 6.09)
1.58 (2o ) 1.5 (2 0.08) 15t (2 c.06) .53 2 e.08)
1.87 (2 0.08) 2.00 (2 0.11) 2.2 (2 e.12) Lss (T 0.10)
3.25 (2 a.11) 3.2 (2 6.26) 3.85 (2 c.29) 1: ez
3.9z (¥ 6.17) a20 (2 o) a19 (2 e.48) Ao (2 e 38}
3.3 (2 o.11) 162 (2 0.09) 3.65 (2 a.11) 35 (2 o1z}
5.73 (2 0.26) 5.75 (T a.52) s.ez (2 e} 5.63 (< a.26)
s.z1 (20.13) 5.15 (2 e.35) 5.13 (2 a.37) 536 (2 a28)
s.57 & a.2) 6.a (2 0.z7) 6.03 (2 .30} 5.2 (2 826}
3.%0 (2 c.09) sz (2 o.11) a0k (2 0.12) 95 (Cem)
3.77 (2 0.12) 3.5 (2 e.26) 352 (2 0.35) 6 (2 a28)
s (0.9} a.07 (% 9.26) s (Cezm) Aes (Com)

© "v""2s &3fined 1n Tabls 5-1.
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" Speeific Intensities for the O Stretehing Yibratiens of Sene Beriee of Vetsl-Copvony)
" Complexes with Phospherus, Atsenic and Antimeny Limnds®

e
"')!1

PR

ot

Speeifio Intensity® RS
Complex Selvent 10" w! n? Reference N
A ————— L] “‘:
Mo(0), frtemane $.3) ‘ )
no(oo),r(céu,), ) p-texane 6.16 . ¢
no(oo),u(ccn,)) f-Memne _5.6? ’ .
m(oo),s“cw,), * Retenane <878 ' ¢« ‘
Po(00), Cyclohessne MRS ¢
mm(m).[r(c:n,))'l‘, Cyolohezane 8% ¢ §
mm(oo),.[sn(czu,))]l Cyoclehezane (R ) '
) Oo(‘w)fio Cycloherane 32 °
m(m)z‘fof(cblts)? QO‘““ ' &0 ’ ‘ R ] 4
Oo(co)zxon(c‘ns)) cyologtoum 3.9 ]
o::(m)znasb(c‘sns')3 Qolotnm'n 1 T ey ®
e )I,ml(m)) ' Carbon - -
-3 : dteulphide | .2 t
n-C M Kn(00),P(C i) Carbon . ) :
53 2777673 41sulphide e N £ ,
n-C H Mn{00),A0(C. N, ) Catbon 3
LR B 1 g disulphide [N ) 4
n-C, N Mn(00), sv(CH,) .. Carbo i
R A dlsulphide 8.7 r N

3. F. A, Kettle and 1. Paul in “Advances in Organometallio Chemiatry,” Vol. X, ;]
".. G. A, Stone and R, Yeot, Iid., Acadente Pl'.l‘. Ino,, New YM. LB Yo. ‘19?2' PP 22’. 22’0 . '

®As dofined 1n Table 3-2. ;e N

. L. Prown and D, J. Darensbourg, [nore, Chen., 6, 971 (1967)‘3 D. J. Darensbourg !
and T, L. rown, m 2. 959 (1968). j

D, Denlian snd N, Mgorgne, Dull, Soc Q\;E, Fiance, 4100 (1967). .

®A. Poletti, A, Foffani, R. Cataliottt, W,'gﬂ. 1563 (1970).

fv. ». knderson, T. B, Prill, A, R. Schosnderg, and C. V. Stranger, Jr., b_mg&,m

3

Q!.!u ﬁo 161 (1972)~
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Specific Intensities for the C0 Stretching Vibrations of Soae Serles of Imm=(arbenyl
Conplexes with Phosphorus, 8ilicon, Gersaniua, and Tin Lissnde

. Specifio x-uuu;‘

Conplex . Solvent: lo' l!'1 u" Reference
- 4 ' ——
ro(ou), _ peexane .06 ‘ ’
l'o((l)),.l"(csus)3 D-Nexane 4,00 e
n.csusvo(oo)zsm’ | Chloroform © 3.2 . . &
w-csu,r.( m)zcoc:})' ‘ , ?ulunton 30
n-csnsro(oojzz’.ncx) Chlorofora 31

®As defined in Table 5-2. “
P, Foack, Helv, Chim, Aqta. M3, 1847 (1962).

A ~ ‘
b, J. Darensbours, Iners, Quim, Acta. b, S3R (1970), & -
4). Dalton, 1. Paul, and ¥, G. A, Stone, J, Ches, Bog., A, 2744, (1969),
t 1 ’
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The _q(_;_g_-Mn((X)),fLBr (L - P(C6Hs)3. A-(cén*s)).’gb(céns)gj nolecules
have an octrhedral structure with a cis arrangement of the L and Br
groups ("igure 5-9)., This configuration results in form;gﬂc.'nyllotxy
fér which group theory predicts four infrared-active (0 stretching
frequoncies (3A' + A"). 'The four moddn are very ulmilu; to those in the
HEE‘Cy“aM(C°>u species, The trans palr of oarbonyls should give rise to
a wonk symmotric A‘<2) mode (analagous to the Al(z) mode of the nor-
C?HBM(CO)u molaculs) and to a strong antisymmetric A" stretching mode
(analagous to tho QQE-C7H8M(CO)“ By mode), ‘The carbonyl trans to the L
group should give u symmetric A’(la) mode of medium intensity and the

enrbonyl trans to the hr group should produce anocther symmetric A'(lb)

mode of comparable intensity (Figure 5-10), The infrared spectra show

" Tour woll-renolved bands as expected,

Pooniblo hanignmantn for the infrared spectra of the glg-Mn(OO)“LBr
spnclon Noro made on the basis of the similarity of the vibrational modes
to thoso of ngg-ﬂ7naﬂr(co)u. Thus.-the highest frequoncy‘ubsorption Was
nosigned to tho A'<2) mode and the most intense peak was assigned to the
A" mode, Tho grentor inductlve character and 1ow;€ N-bonding ab;aity of \
tha bromide compared with the phonphigo, arsine and stibine led to the
aesignmont of the lowest frequency peak to tho‘A'(lb) atrotching‘mod; of
the carbonyl gfggg to the bromide, and leaving the A'(lu) mode to the

P -

romnininé~ununaignad peak, These ansignments have now been verified bj

.

an infrared spactrascopic studyrof the exchango reactionse-of glg~nn(00)uLBr

79

with 13CO und subsequent approximate force constant calculations.

The (0 intensitles for the glg-Mn(CO)aLnr complexes are presented in

“

Tables 5117 and 5-18, A comparison of the resultsxahous that, as for the

i
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«g-donar and the m-acceptor properties of phosphoz'us. arsenic and

00 .frequencies and half-band widths, the intensity. values. with L = P(06H5)3.

As(C6H5)3 and S\:u(C6H§)3 are very close. So, it may be taken that the

. extent of metal-ligand W bondz g€ in phosphorus, arsenic and antihony 1s

-4

“towards manganese are equivalent,
' &
. QPther workers have reached similar conclugions concerning the M-P,

A

) essentially the same. In donflusion, therefore. it appears t.ha.‘t.‘bc)> the
antl

M-As and M-Sb bond strengths in molybdenum and nickel complexes. Speci-

A
.- ¢ .
fically, (1) CO-frequency studiesw or tricarbonylmolybdenum compounds

containing tripheny}phosphine, -arsine.and -stibine ligands and (2)

mony

dipole-noment maasurementsao on complexes containing Ni-P and Ni-As bonds

have indlicated that the differences in multiple bonding capacities of.

phospho}u‘s. arsenic and antimony towards a transition metal atom are

virtuailly negliglble.{ Hgwever, as mentioned earlier in the discussion\of

the mdlybde nur-phosphine

Foonyls (vide supra), steTic effects may alsc

be important in the interpretation of infrared resulfs when bulky ligand

groups are- present. Thus, geometrical factors as well as M-acceptor and
‘.

-

o-donor ligand abjlities should bg considered when interpreting the

msdlts. . i L

-

n-Cyclopentadienylmanganese(I) Complexes

Cla.rification of the ‘ability of metal-arene carbonyls to tranaf‘o‘r
an electronic effect through the transition retal atom 1s a subject of
conslderable interest. With this aim in mind, several workers have

attenited to correlate the 00 intensities of metal-arene carbonyl

LY
conplexes wit.h the electron acceptor ability of the ring aubstituontl.

"losneyahov et al, 58 hhvo demonstrated that for a series of Coen

%.
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Specific Intensities for the wsmtm}t&-uom Seas Sorieg,
of Group VII Metal-Cyclopentadieny nyl Conp oxes®
- - |
. . Specific Intomn’» .
Complex - . Solvent 10° 1t ea? Refoxence '
cpm‘(mxe " ’ Carbon ' h ;) q P ‘
L ’ tatrachloride ) ’ .
Cp = ™-C,H, : , { A,8% g
Cp e TCylC oy 4,86 ‘
Cp = "‘cé"sc"'zcs"u . h.83 4 . )
L oepe m-000H, C oy : b, 50 A '
Cp = ™-C H 00T H, o : LY o
T op = mecry00cH, ‘ . SRR 8 - . y
Op = 1-(CyH,) by - ' 5,08 .
op = n-c(Cly )y (CH D)CgH, _a7s e
Cp= n.(c2ﬁ5)2(m3w)csuz ) b82° . -
CRLSCERRCR LS N boh ' , ‘
- 3 e . .

/- n.(c.‘,us),,c ; " 5.0
cDJ (m)3 ‘ Caxbon |

N .

tetrachloride ] .
M ‘
= n=-C_H - * e - .ot
(O = meCghy . 5.36 o, \
Cp = m-CH 00C,H, \ X 8,92 LN -
Cp % T-CgH 00 c5n,, o . S {
%s. F. A, xqmo and 1. Pawl in "Mnncu in Qrganometallic cm.mx-y. vol, X,
F.'G. A. Seono and R, Veat, Ed., Auduie Press, !nc.. Yew York, ¥ Y., 1972, pm. . y
v
)a defined in Table $-2, . .
'?A. N. Vesmeyanov, G, C. Dvoryantseva, xn. P. Pustyl'nik, Yu, ¥, Sheinker, N. B. N
Xolobova, and K. N, Anlsinov, Dokl, Akad, ;r_w_x SSSR, 124, M8 (1967). Aced, Sol, USSR . 5
chom., 17, 457 (1967), o
- . A ¥ A
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. TABLE 5-22 : ' -
: ‘ - ' S @
.Specific. Iptenaities for the (0 Stretching Vibrations 'y . ‘
of Some Series of Arene-Chromium Carbonyl m-)mu' ‘ ° L
1 D ; T , o~
Specific Intensity. T A
. . .
. Conplex - Solvent 10 1! a2 Meference )
R4H, C00CH,Cr{ 0), Carbon ‘ o
. tetrachloride . . . A ]
Re !-(DOQ() T ’ .07 N
,_" = p-000CH, v ‘ % R .
R 2001’ . . 5.1)
~ l -
_ Re= !‘Q R M . ~.” ,\
. N » @
¢ , R= n.cl i ’ ) . “.2}
- B, Rel - - \ V. . 5.03 ) .
I R = 0-Giy o . 5.07 s ¢ "
A : c. {
R~ _._.‘ma , 13 - s
. " Re= oy : 5.0
/
( R = o-00H, * <, 5.60 ! *
: , R= 2.0% * - . 5.20
. °6"6°'(°°)3 qdm r 4.5 T d .o
{ . (e,Hg) gCgor(00) /’ Cyel I > T oo 4 )
4 ' %3, F. A, Kott‘h’uid I. Paul in "“Advances in Ormuluo Cheatstry,” VYol. X,
’ P.’ c. A" Stoh'.' ‘M R. "..t. mn. ‘d“ic Pl'.“. Iﬂb.. "‘r" Yﬂ*. 'l YO‘ lm. up 227. N " ’
“o 2y * 1
As defined in Table 5-2. . :
e - . , P .
. o . Klopaan and X. Yoack, Inorg, Chem.,”2, 579 (1968), ' . 7 i
]
& ' . 9R. D, Fischer, Spectyochim. Acta, 19, 842 (1963). , . g
\ . P -y
“ ¢ ) . \ ’ 4 »\;;
4 . | '
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,.n~cyclopeptadidnyltricarb9ny1manganese(I)-ted -rhenium(I) derivatives the

specific (0 intensitles decrease with the electron acceptor ability of the
. rir;g substituents (Table ‘5-21). * That is, the eleétranic ef‘fécf.’c on t.:u
cyclopentadienyl ring are transmitted to the central met-al aton a.nci then &i
to the C0 groups. This is ln contrast to the observatiohs of Kiopmn .
and x‘loa.ck()b' on a seri:s of substituted benzoic-methyl-ester trii‘rbonyl

chromium derivatives (Table 5-2%). These workers observed only small

variations in specific intensity which could not be correlated with the

properties of the substituents. p

In this work, the CO intensities of two ring-substituted derivatives
of T-cyclopentadlenyltricarbonylmanganese(l) were measured. At the same ¢
time, the CO and CS intensitles of the: thxocar}:‘dnjl compiax. n-C5H5Mn(CO)2¢S.

were studied to see if we could say something about the relative bonding
. '

propertles oi\ﬂQ and CS, Thiocarbonyls have been known éimca 1966, when

&

¥ B
Balrd and wnkinson81 synthesized trans-Rh(CS)[_P(C6H5)3_l2X (x =cl, Br).
However, as ﬁt: there have ‘been no intensity studles to determine how

/ «
€S clmpares to CO as a ligand. rhysical and chemical evidence indicate
that CS is both a better 0- and T-bonding ligand than 00‘82.83
The n-RC5HuMn( CO)3 (R = ¥; CHJ) molecules have a piano-stool-type
32

structure (Figure 5-11)., Moreover, since there 1s free rotation of

tr'ae cyclopfentaﬁienyl ring abm"xt the metal-ring axis (irrespective of the
presence of substituentg on the rlngjz). the no}éculea possess C}v
symmetry. Two lnfrared-active (0 atretching modes (A1 + E) are expected
for structures of this type. The cis carbonyls should give rise toa
syr;xmétric Ay stretching mode and a do‘gt;nerate E mode (Figure 5-1-2). The
spec,trafshow two well-resolved bands in accordance 'wlth tho\ugmup |
theoretical predictions. ‘ ‘ B
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The thiocarbonyl complex, n-CSHSMn(Cb)ch. also has a plano-stool-
typo structgf.a“ (Figure 5-13) and the local symmetry of the ¥n(C0),(08) , :ﬁ
wolety is C.. T+o nfrared-active CO stretching frequencies (A' +%A"“) !
and one infrared-active CS a’tret:hing frequency (A') should be observed
for such an arrangement. The 'c_:_i:Lg_ carbonyls should give ‘tise t6 a g
symmotric A' mode and an an/tisymmetrlc A:‘ mode, The thlocarbonyl muast
of necessity produce a symmetric A' stretching mode (Figure 5-i4). The
infrared spectrum exhibits the anticipated results: two well-resolved

_bands-in the CO stretching .region and one isolated peak in the CS stretching

region (1350 ~ 1200 cm-l). E g

The CO-intensity data for N-RC/H,Nn(00)y (R = K, CHB)‘andA
i

. ' . “ “
n-CS}15Mn( 00)2(:8 are given in Tablea 5-23 and 5-24. Tha spey/f:\yc intensity °
” Ny \ . i

. of the tricarbonyl molety in ﬂ-CSH5Mn(CD)3 obtained by Hamsay's method

in n-hexane (4.92 x 10% wl

, value (1&.‘85 x 10“ w1

cm'z) agrees elosely with Nesmeyanov et al, '358
cm'z) obtained by Ramsay's method for a more polar

solvent, carbon tetrachldride; however, it is somewhat higher than the

, “value repBrted by Anderson ‘ot al,7®

b1

in carbon disulphide solution

(4.19 x 107 M cm']2 ). . The low value in the Anderson study is not sur-

prising since they evaluated their absolute integrated intensities by ’ ‘\ii
R takiné the mean of several apparent intensi(ty measurements,- while the

Ramsay results in this study were obtained by taiclng the mean of several'"

apparent intensity deteyminations and then adding 2% (vide supra, page 39).

In order to makeo a mea ul comparison betwgen the two studles,

~—i N

Anderson's value was increased by 2%.

N

\ . T
) ) Anderson's ad justed vdlue for 1'!-(:§Hslyﬂn((1))3 (5.01 x 10% ! cu-z) '

. ‘ compares very well with the corresponding result in this study, even though

L]

4
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Infrared Frequencies, H:lf-xmuu.y Band Vidths, and Absoluts Integrsted Absorption Intensi

es for the TO Stretching Yidrations of

the (w-tm:h':pom.ammyl)."m(m)3 Coaplexss and for the (O and TS Stretching Yibrations of the ﬂ-cyelopcnudiml)rn(w)zm Complex

-4

!

o o 10038 .
Voax .Av;. g,’’ 10* x°! a2
“orsal 1 Y ¥ilson- Bussell-
. Complex , Solvent node ~c:' o Ransay ¥ells Thoapsort Foun
n-Cek na(@0)y D-Hexane Ay 2030.,  1.86 3.65 (2 0.05) 3.7% (2 0.28) 3.80 (2 0.32) 3.7 (2 0.22)
N . - - .
(n=CiAC g xe(0D) p-Hexane Ay 2026.,, 1.91 37 (2 0.03) 2.55 (20.38)  *3.55 (2 0.37) 3.62 (2 0.26)
) -~
u‘.csssna(cc)zcs Carbon ) . - " o .
. P disulphide A 2009., .65 5.62 (= 0.09) b.92 (= 0.17) 54p1 (< 0.20) 8,25 (- 0.15)
neC i Ka(D), n-Hexane 3 1948, ¢ 611 1.1 (T0.2) 120 (Y0.3) 121 (2o.8) 1.6 (o.3)
(m-cuyc ity Jra(c0), B-Fexane x 19k, 6.60 n.2 (¢ 0.8) ‘12.6 (T1.3) 12,8 (T1.5) 122 (T12)
w—c’a’xatw)za Carbon _ . '
disulphide A" 1956.,  8.00 6.8 (20.13)  6.56 (To.23)  6.68 (T0.29) 6.8 (20.22)
\
. cs rore
Y . -
Yaax I £ 1° n? a2
. ¥oraal . - ¥ilso 11
Complex Solnat‘{ acde a1 a2 Ransay | Ioll:. ‘%::;'on Fean
a-csnjz-(m)zcz Carben < . .
. - d1salphide A’ 1263.4 - 9.15 5.82 (< 0.13)  5.88 (F0.18) 5.9 (20.2) 5.7 (2 0.18)

*““As defined in Tadle 5-1.
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o " the measuremant was taken in a more polar solvent i(carbon disulphide).

The close agreomont in intensity values in all three solvents (i.e,,,n-
hexane, carbon tetrachloride and carbon disulphide) suggests that there

is little if any difference in solvent affocta upon the integrated CO-

>

intensities of n- CSHSM“(CO)3 in these solvents. Apparently, any increase

in band width with the more polar solvents ls roughly compensated by a

decrense in peak height. This appears to be the case for other systems

studled here as well (vide supra, page 68). 1In view of these results,

’ j
it is evident that our 0O-intensity values for n-CSNSMn(OO)3 in n<hexane
solution may be reliably compared with those for m-C_H

55
disulphide solution. b ' .

Mﬁ(co)zcs in carbon

However, a word of caution regarding comparison of CO-intensity °
measurements in diffetant solvents is in order. A notable exception to
the foregoing conclusions regaxding solvent effects upon OO-intensitles
is the behaviour of cyclohexane. Figchor‘ss6 value for n—-CSHSMn(OO)3

1 —2>

(&.01 x 10* w! cm obtained by Ramsay's method in cyclohexane solution
= /

1s considerably lower than any of the results cited above for more polar
»solvents., Since similar behaviour in cyclohexane solution was observed

in other systems as well (vide supra, page 73), the decrease is considered

to be slgqlfic&nt'and indicates that solvent effects upon C0-intensities

i

should be regarded when comparing measurements in different solvents,

) . ' , \ y

espaclally if one of the solvents is cyclohexane.
The specific '(O-intensity seenms t; increase in going from ﬂ-CSHs-'
Ma(00)5 (5.16 x 10* u? 1 w2)

!

-2 4 -
em ©) to M-CH Hy 5HuMn(CD)3 (5.28 x 19! M
in agreement with the conclusions of Nosmoyanov ot al 58 thgt electronic
effects on the cyclopentadionyl ring are transmitted to the central metal

atom and 8o to the (O groups (i.e., if transmission of electronic effects




-

on the rirg to the CO gZiips occurs, then one. would sxpect frffm Ti-bonding
1

arguments that the aval xb111ty of metal dm-electron denait wouldiinorOlli

with the donor ability of the ring substituents), Since a methyl group 4
. . / “

is a better'electron,dohor'xhan/ﬁéhydroxon atom, ons would anticipate a

A

small increase in CO-in%Qdéity with the nethyl- substituted dexrivative. '
” ’ 4
However, it should be kept in pATd* that the errors in the intensity

- - - ‘
meaauremohta are such that the iwo values for M-C Mn(-CO)3 and n-CH €H

5 5 35k
Mn(CO)3 overlap and so no definitive conclusions may be ‘drawn from these

resuana. Unfortunately, Neameyanov et al. did not give any estimate of

the orrors present in thoir measurements.

tho specifie 00-intensity of m-C.ll Mn(co)3 (5.16 x 10* !

55
signiﬂf?hntfy lowar than that of n-C 5HSMn(CO)ZCS (5.66 x 10“ w1 cm-z).

cm'z) is

This may reflect a greatér o-donor ability of CS over C0 or a lessar M-

acceptor ability. or both, how&ver, the‘spocific CS-intensity (5.76 x 10“—'

M'l ) of n-05 5Mn(()o) s is comparable to the specific CO-intensity

(5.66 x 1o ! cm-z)

. This may be taken as direct evidence that the 2

ﬂ—accebtor ability of ¢S 1s at least ms good as that of CO. It necessarily ,
/ /
[ «
follows that the increase in specific (O-intensity in golng frop "-CSH5-~

' Mn(CD)3 to n-CSHSNn(CO)ZCS is due solely to the groator o-donor ability
'} Al

of CS over (0 -and not to a lesser n-accaptor ability.

Zg Dipole momont derivatives were o@lculatﬁd as previously described

- ' 4

by Daronsbourg25

”

uslng the fquation

TIPS , )
, Lp =Gy ¥y , (24)
14 . h

where IT is thé total measured 1ntenaity qu the €0 or CS atrotching

vibrations (obtalnod by the WIIaon-Hells exttlpolat&on) and 1; dofinod as

-
gAY o xv 0
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2.303 E x 10‘“. and n equals the number of (O or CS groups in the molecules,
Gtt is the term'represent%ng the inverse mass.of the C0 or CS grouping

(based on atomic mass units) and is equal to 0.14585 and 0.11li4l for the

{
'CO_and CS groups. respectively. p ML {5 the raspective changa in group e

"dipols moment with symmetry coordinates (define& as the effective group 'i‘

dipole moment derivative involving both MC and 00 or CS stretching motions)
, - ? A4
and 1s ®xpressed in arbitrary units.2--

The b '8, 9.10 and 9.51 for the Hn(C0); (where I, = 2.303 [EM1 +By]
"

x 107" = 2.303 [3.77 + 12,07 = 36:28) and the Mn(00),CS (where I, - 2,303
"’ - 2;303 [4.92 + 6, 56] = 26,4) molieties, respectively, : :
agree closoly wiph Dnrensbourg“s values obtained in moly?dgnum (9.00), ¢

cobalt (7.56), iron (2.74} and iridium (7.78) substituted carpoms.§5'68'69

L

lowever, the ”.Hcs for the n{C0),0S (where I = 2.303.E,, x 107" = 2.303

L5.88]) = 13.5) species, 10.9, is substantlallj larger éhan these. This

v - : T
indicates that the m-acceptor ablility of the CS group is consideradbly _

greater than that of €0 in agreement with molecular orbital  ‘calculations
on the CS and (G moleculesgzuahd also with man} other expsrimental data.83
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- ; SUMMARY AND PROSPECTUS - B
’ @ - * .
Integrated infrared intensity measurements of -the (0 stretching modes

in transition metal-carbonyl comple:xes have provided Nseful information
concerning the electronic character of the coordlnated C0* group. 25,5473
The intensitiés have been shown to be highly dependent on the 'n—eloctton

density in the H-m_bom_25.§§
! L

The work in this thesis eonstitutes an
additiona)/study of the infrared intensitles of the CO sutatehing absorp-‘
tions off some group VI and YII metal-carbonyl complexes.. The integrated

'_ intensity results vere used as a basis for a fur(:her 1nvesti’gation of the ‘
0- and n-bonding abilities of the various transition uetals and’ ligands

-~

©
in these complexes. | i ¢

.

The.results of this study also denonstrate the utility of inte.gratod
1nte.nsit'y measurements in assessing T-electronic delocalization_ in transi- )
tion metal-thiocarbonxl ‘compounds. The first measuro;cnt of ‘the lnfru'ed
1ntensity of a CS stretching mode in a netal-thiocarbonyl complex »as
reported here. The intensity ms‘mlentq and tha calculated dipole
moment derivatives reflect the den;nds,mde for N-electron dens:lty as -
well as the availabllity of m-clectron density during a ligand stretching ™

‘vibration. From a comoarison of the O and (S results in the 'l'l--f::.,){S»_q '
#n( co)zcs molecule, it is c:l,u that CS has a greater T-hccéeptor ability
than €O, in’accordance with molecular orbital calculations on tho oo amd

cs noleculesez and many other experimental findings.83 1 ’ ~"§
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An intriguing aspect of transitien metal-thiocarbonyl .chemistry, in °

view of the great similarity in bbhding properties of 0 ;nd‘CS, is the «
surprising difference in infrared fxq_ﬁeﬁé§ shifts (bonded ligand v.rlu;
free llgand) of M-CO and M-CS bonds.® Whereas the (0 sti&%chiﬁg frnq&oncy
of free 0 decreases from 213§\cm to approximately 2000 cm -1 (sometines
to as low as 1850 cm” in the case of terminal CO bonding) upon coordina-

tion to a transition metai atom, it appears that- the CS stretching

frequency can both increase aﬂd‘decrease (1.e., the range of v(CS).atz.tch-'

ing frequencies in metal-thiocarbonyls is 1381-1193 cm'% with respect to

the ffequency of "free" ¢S (1274 cn 1 when tr;pped ina 082 matrixas).a3

" Since T-backbonding is almost certainly present in métal-CS bornds, 1t is
t $ ¢

apparent igam‘frequency values alone cannot lead to NJXningful conclquBnl
as to the relative mn-acceptor ability of the CS and 00 groupings. An
1nterest1ng pro{éct for future consideration would be to atto;Bt to ¥iscuss
the relative extent of m-electron delocalization 1n transition metal-
thiocarbonyl complexes Sn the basis of CS intenslty measurenerrts.
CS-intensity studies uouid~also permit comparisons between-analogous

series of metal-carbonyl and metal-dinitrogen complexes.,
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Appendix A . I . ‘ W

PROGRAYS FOX INTEGRATSD INTINSITISS -

Prograx I
' PURPOSE

{1) TO OOMPUTS THT ARTA UNDSR THR APPANSNT OPTICAL DENSITY O/MVR
{FAONM BAYD WSICHT DATA)
(2) TO DSTIMNINS THE APPARENT INTEGAATID ABSORPTION INTENSITY
* 1]
DISCAIPTION OF PARANGTSAS
= § BANDS
= # CONCYS
= CALTBRATION OF REDIDIR (CN-1/INCH)
= SAMPLE PATFLIVGTE (X1)
= MOLICULAR WIIGHT SOLUT2 (GM)
= 0. (GM SOLUTT/LITIX SOLUTION)
® 002 (MILLIYOLES SOLUTE/LITSR SOLUTION)
® CALI®RATION OF CHART PAPzR (GM/INCK)
= YEIGHT OF SanD (GX) -
A = AREA UNDIR APPARENT OPTTCAL DIWSITY CURVAE ((M-1)
@ ARSOI3AICE AT BAUD MAXIMUM (TO vASE 1) .
= LN(TH#/T)vaAX (OR 2.3¥3°aT) . . f
= APPARSYT INTZCRATED INTANSITY (M-l CN-2)lffesh

g:ﬂ!‘!h

wanz<gegs

RSAD(S,1)J,%,%,PL, \Y, CP
1 FORVAT(212,2%7.4,2714.5)
WRIT3(6,3)
3 FORMAT(1%48,4X, *R*, 19X, *PL* 9%, *WK',9X, *CP*)
WRITE(6.8)R, PL, WM, CP
& FORMAT(1:6,1714.0,1711.4,1°14, 5,19, 5)
WRITZ(6,5) ‘ .
S FoaNatT(1!d) * ’
vRITZ(6,6) - .
6 FORMAT(11d,bX,*C", 10X, *AT*, 9%, ' T*, 1§X, *AREA*, 72X, '3') -
DO 1f I=1,J i .
VRITE(,7)
7 FORZAT(1H$)- ' :
Do 26 L=1,X ' . .
R2AD(S,8)CC, 4, AT .
8 rorrkT(2r6,5,1M,.3)
c={Ccotfieed)/ay
TR, J¢I°AT
AREAS2,383eR0u/CP
fAwAREA/(2*PL)
2p wRITE(6,9)C, AT, T,ATEA, B
9 FORMAT(1:§,1F14.4,1714.9, 1F12.4,1M1.4,112,4)
1§ oorIvug
EXD

v
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. . .
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5: TO CONVENT FROM TRANSHITTANCT TO OPTICAL DERSITY VALUSS

2) TO CONPUTE TH3 ARSA UNDIR THS APPARSNT OPTICAL DESITY CURVE
3Y SI¥PSOY'S RULS

(3) TO DSTIRMINS THZ APPARSNT INTIGRATID ARSORPTIOM INTZVSITY

DISZRIPTION OF FARAMSTERS

NDIN
R
PL
WM
cc -
- ¢
X
N

NI
H
BL

PN
P‘I)
T

™
T

Tslg
(1
2(1)
SUM
ARZA
B

= # POIVTS EASURSD

= CALIBRATION OT RZCORDIX (Cv-1/INCH)

- sam#mnmm (nn) ‘

= MOLECULAR 43IGHT SOLUTE (CM)

= COMCY (N SOLITS/LITER SOLUTION

= CONCY {MILLINOLIS SOLUTS/LITER SOLUTION)

= # COUCNS HIASUAZD

« # SECTIONS WITH A DIFTERENT INCREMETT OF ARCUMSWT
VALUSS IV A BA'D

= # INTERVALS/INCY IN A PARTICULAR SECTION

 INCREMIVT OF ARCUMINT VALUZS (CM-1)

= BASILINE NIASUR:ZD PROM SPICTRUM

= HEISHT OF PIAK AT MAXIMUM ADSORPTION

= POINTS TAKEN FROM CURVE *

® TRAYSFITTAMCZ OF BASELINS (€)

® TRAVSMITTANCES OF PEAK AT MAXINUM A2SORPTION (%)

= OPTICAL DIVSITY OF CURVS AT MAXINUM ABSORPTION

= LN{1#/TH)VAX

= TRANSNITTANCZ OF POINTS OY CURVE (%)

= OPTICAL DINSITY OF POINTS ON CURVE

= INPUI FURCTION VALU3S ’

« RSSULTI' INTDGRAL VALUSS (C4-1)

= SUM OF INTZIRALS (C*-1) \

= ARZA UNDIR APPARIST OPTICAL DIWSITY Cuave ((w-1) '

= APPARENT INTESRATID IFTZ"SITY (M-1 Ci-2)*1ffeed

-~

DIMEZ“ISION p(l¢d),r(1p¢).~r(xu) (1)
RIAD(S,1)K, ", R, PL, W

1 maaarénz W2F6. 4, 1716.4)
WRITZ(6,3

3 ma.*mgmﬂ.bx. 'R*, 14X, 'PL*,9X, 'VK*)

VRITE(

JU)R,PL W

& FORMAT(1v#, 171, 54,1711.4,171).4)

00 3§

J=1,K . -

B
.
.
e e 2
e TS

wRITZ(6,18)

18 roRruaT(1kg) S¢
READ(S,11)CC, L, PH

11 FORFAT{1%6.4,2%,1) .
c={CCo1f**))/ W
TP=184.-nL
TH=1dd. PN
TL=ALOS(T# )-ALOG(T") \ 1
VRITE(6,8) -

8 FORMAT(11d,4X, *C*, 10X, "BL* 9K, 'PR", 9%, *TF"*, 9%, *TH" 9K, 'TL')
WRITE(6,9)C, 2L, PN, T, TY, TL

9 FORVAT(1H6,1710. 4,18, 1,1712,1,2%11,1,1P13.A)
ARZA=S,
DO 2¢ L=1,%
R2AD(S, 13)ND1M, HT

13 FORMAT(11),1F4.1)
HeR/HI
mms(s 1%)

1% mwnarémﬁ.bx. *ADIM®, 7K, *KI*,9X, 'H*)
VRITS(6,16 ) DIN, KL, K

16 FORMAT(1H§, 116, 1F12.1, 1FIN. )

-

.

R

!“
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L
Pt -:’:1"1:33#«

K
Y

, mo(s.z)(rtr;.x.-l.mn)
\ 2 FORMAT(11%,1 ) .
. mm( qn . ¢ :,

“ 12 PORMAT(1nS
) ll M.‘mn | . : '

1‘51; 63,-¢(1)
-AW(TI)'AW(T(!)) .
mm u !

CALL QSF(M,Y,2,XDIN) .

. SUMwZ(NDIN
. * = WRITE(6,7)L,SUN :

~ 2 FORMAT(IHS,BK, *AREA UNDSR SECTION®,112,° =*,178.4) y
26 AREA=ARZASUN
, 3=ARZA/(C*PL) .
3 VRITE(6,15)AREA,S )

15 rogmr(mﬁ.ux. *ARSA = *,1¥8,4,16X, ‘B =',178.4) . : )
- .

«
S "
y G
re e

PURPOSE )

(1) TO DITERMINE THE ABSOLUTS ITEGRATID ABSORPTION IVIENSITY 3Y RANSAY'S
"METHOD YOR OVERLAPPING BA'D SYSTSMS (R, Y. JOYES, D, A, KAMSAY, D, S,
KEIR, AND X. DOBRINSR, J. AM. CNEN,S0C., 7%, 80 (2952))

DESCRIPTION OF PARAMETERS

o

J = # O® BANIS
X = #-OF CONCNS L,
B = APPARENT INTECRATED INTEVSITY: (N-1 Q¥-2)*1feeh- ,
SN » SUM OF B YALUSS FCX EACK AAND
AVG = ¥EAR 3 YALUZ FOR EACH BAYD ,
BIFF @ DEVIATION OF ZACH O3SZRVATION FROM MEAN D VALUE
DIFF®e2 = VARIAYCZ OF SACH OSSCRYATION TRON MEAY B YALUEZ ° +4
8D « STA"DARD DSVIATIOY OF B VALUZ3 _TRONM THS MEAY
A = ABSOLUTZ INTEGRATSD IVTZ"SITY [M-1 (%-2)e10¢ed .
= MSAY B VALUT + 2% OF KSAN B VALUE ,
* A/2.30) (N-1 CN-2)e)been , )

NENSIOY B(14)
R2AD(S,1,3\D=11)J,X
1 FORMAT(213)
DO 3 L=, 7,
R3AD(S,2){8(I),I=1,K) . L )
2 FORRAT 6?6 &) . s
VRITS(6, )
. 3 maur(m i, a'.9x.'a - AVG',NX, (B - AVG)®e2')
. VRITE(6,4) ) .
. & FOR¥AT(1:)
Sux-g. o ‘
0o 1f I=1,X s . .
sur-smm(x) '
16 QOVTI'NR “
y AVG'SUH/K - ,
Tos ‘ IQ-$ / .
‘ 1) 2! I,k <
” . DIFF=B(1)-AVC ~
DIFFSQeDIFFes2
mrs(6.9)s(x;.ux=r.mnsn
9 FORMAT(IT14.4
2§ D5Q=DSQDITTSQ ,
SD=GQAT{DGQ/K) “
A=), fi2eavs
,,,, 2.)‘) h

ORI NDOOOONAOON
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W1E(6,6) L
: 6 FORMAT(1M#,3X, 'suv'.vx. *AVG* 72X, 'SD' /8X, A ,9X, 'R') . ¢
. - . VRITS(6,7)SUM, AYC, 50,4, 8 . ° {
7 FORMAT ma m.u 1711,4,3714.4) ‘
‘ ’ vRITE( N X
] mmr(ml)
3§ CONTIVUR , .
CO TO 1§ ' '
11 STOP

IND°

f

!

a

PURPOSE - ¢ .
(1) TO DETERMINE THI ABSOLUTR INTENGRATED usomzov INTENSITY BY .
(A) THE WILSO'-¥ILLS EXTRAPOLATION FMSTHOD 2:. B, VILS0Y, JA,, AND
A. J, YSLLS, ). CHIN. PHYS., 14, 578 (1546)
) . {(3) THE RUSSELL-THOMPSOV Ermrou'rmn METHOD (R. A, RUSSELL AND
H, V. THOMPSON, SPSCTROCHIN, ACTA, 9, 133 (1957)

DESCRIPTION OF PARAMBTERS ‘

' J = # 3ANDS

X * # CONCYS

T z ; oYy m.x.xrom SOLUTE/LITSR SOLUTION) (WILSON-WELLS)
B v:(ra TIVEAX (RUSSZLL-THOMFSOV)

@ APPARENT INTEZRATED INTIVSITY (M-l CM-2)s1ff*eh '

TERCEP = INTERCSPT = A L
© = ABSOLUTZ IVTEGRATED I'TE'SITY (M=l CM-2)elffecl

- Af2,30) (M=) Chia2)*1ff*sh

CALCB = B CALCULATED TROM T AYD SLOPE (M-1 (M-2)slffesdh

pIFY = DIVIATION OF TACH OPSTAVATION TQUATION

DIFF**2 ® VARIAYCS OF EACH ORSSRYATION EQUATION .

SDFD = STAUDARD DIVIATION OF PAR:MT DISTRIBUTION .

SISL = STANDARD DIVIATIOV OF SLOFR . !

SDINT = STANDARD DIVIATION OF A VALYZ

SD3 = STANDARD DSVIATIOMN OF E VALUE .

PSISL = £ STANDARD DIVIATIOY O® SLOPE

PSDINT = £ STANDARD DIVIATION OF A VALUEL

¥,

o

OOOOOA;)C’QOOQOOOQOﬂOQOﬂOﬂ?ﬂQQ
w

psvsIoN T(16),n(18)
16$ READ(S,1, BND=1F1)J, K !
1 mnm(zl)) .
x 0 3 L-l 3 )
| Ea
1=1,X )
2 mn‘urg ‘ :
. . VRITZ( ))
3 FOR:AT ﬁ 03X, ', 9K, '8°,9X, *CALC3!, 5%, ' DIFF" , 6X, ‘DIFFee2" )
vRITE(S,
° & FORPAT(' l ) .
SULTH, ]
{ CIRAL N .
v SUxTR=f, )
‘ S\.nﬂ'!‘"- -
PO 1§ 1-1,X - L )
SUNT=GUNT (] ;
SUMB=SUYS 48 (]
sum-su‘mvrg g"z
SUNTB=SITBT(1)*8(1) -
1§ coNTINVE : . .
- DENON K oS TT-SUNT ¢ 92 . S
SLOPI={K*SUNTB-SUMT *SN(Y )/ DXON . =
) TERCP={ SUNTT *SUMB-SUKT*SUNTS ) /DS ON
. EvTERCEP/2. W) . .

—

s
o PSR N

tn

v P*«"‘ iale

124




7 FORMAT(*§*, 3%, 'SLOPE

. R Thes =P .J& LA &s‘y meﬁ;’wﬂﬁi&

. DR,

" PO 28 Is1,X

cum-swrs'r(t)trsacn
DIFF=3{1)-CALCY

nm ree

wRIT2(6 5):(1; (1), CALC3, mv?.nstq

S FORYAT(ST1£.b
2ff DSQ=DSQDIFFSQ

swo-eqxrgnsa/ %)
LecQRT(AS(DS/DIN0N)) .
DSL-SDSL*1¢8, /SLOP3
SDINTSGQRT( (SDGLo*2)* (SUMTe*2)/X)
SD2=GDINT/2.3%3
PSDINTGDIT+1§8. /TERCEP
warre(6,6)SoPD

2

6 FORMAT 'ﬁ' 33X, 'SDPD  =*,1F9.4)

WRITE( 7)sw9 ,T2C3P,E

1173, bz
vr1T:(4,8)SDSL,SDIST, SDE

8 mamr(hx. ‘SDSL  =*,178,4,4X, *SDINT

14)
WRITE(6,9)PSISL, PSDINT

9 FORZAT(BX, *PSDSL =, 1F8,2,4X, *PSDIKT
3§ CONTINUR

o T0 166

161 sToP

E<D , SN

SRR ¥

we‘

at,179,4,b%, 'INTERCEPT  =',1P8.8,4X,'E @’

- .m.“.“x. 'SD‘! ut '%rai

-*,1F8,2)

£
&




B Ll s i B it D i Gt i el
¢ - <. .

(1) 70 COMPUT3 TMS VICTOR OF IVTEGRAL YALUZS FOR A GIvEY wxms‘rm'
TABLR 07 FUCTIO0® VALUES.

IESCRIPTION OF PARAMSTZRS

| a THZ IXCR2YSYT OF Aﬁcum VALUSS,
Y = THZ INFUT VICTOR OF FUTCTION VALUZS, .
' 2z = THS XSSULTI"G VZCTOR OF INTECRAL VALUES, 2 MAY BE K

TIENTICAL VITH Y.
¥DIN & THZ DIMEYSION OF VSCTORS Y AYD Z.

mm -h
MO ACTIOY I CASE WDIN LESS THAY 3.

SUBROUTIXKES AND FUNCTIOY SUBPROCRAMS REQUIRED
WYE

NETHOD

BESISMISC VITH 2(1)=#, EVALUATIOY OF VECTOR 2 IS DONZ BY

FEAYS OF SINPSOY'S RULS TOGITHER VITH YENTON'S 3/8 RULE OR A

COMIIVATION OF THSSE TWO RUL3S. TRUMCATIOW ZRROR IS OF

ORDER Hees (1.Z., “OURTH O3IDZIR METHOD). OVLY IY CASE NDINe)

TRUMCATION .anon o~ 2(2) 1s o' ORDZR Heeh,

FOR RETZRATY

(1) r.B. u*w:amxn. msowcnow TO NUMERICAL AYALYSIS,
MOCRAY-EILL, =¥ YORX/TOROTO/LOTDON, 1956, PP, 71-76. )

(2) R. ZURUSHL, PRACTISCHS MATHIMATIK SUZR INGENISURE UMD
PHYISIK3IR, SPRINCZR, BERLIY/GOETTIXCEN/HEIDSLEZRC, 1963,
PP, 214-221.

o

SUBROUTINE_QS®(H,Y,Z,YDIN)
prvesIon Y(1),2(1) o

W= 3333333°H
1P(xDIX-5)7,8,1

O 0 00000000 NAGRONNN

a0

XDIM IS GRZATZA THAY 5. PREPARATIONS OF INTSGRATION LOOP
1 SuMl=Y(2)+Y(2) b
SURL=SUR1 45111 '
Sm-‘ﬂ“(Y(l)*SL"lﬂ())) "
AUX =S (b )oY ()
AUXI=AUX1+AYX1
AUXYeSUNL+To (Y(3)4AUx14#1(5)) ‘
Auxz-m-(r(l)ﬂ.ws'(!(z)ﬂ(s))m&s-(r() (8))+1(6)) '
suK2=1(5)+1( 5)
SUr2+6UM2451Y.
sum-auxz-m-(t(h)owa«(é))
z(1)-4.
avx=1(3)*+r(3)
AUX=AUX +AUX

zgzruu-m-(x(z)«ux«(b))
z2(3)ws
y A . '

17(xDIn-6)5, 5,2 )

1
>
K
B
k

$“SCIESTIFIC SUBROUTINE PACXACE,* IBX Q0. LTD.,pp 291-2.

AR i‘i -
f

~
IS
4
L 4




¢ TETISMTION 100P
3 2 DO b [=7,NDIN,2
.. v SUMIsAUXY
SUN2eAUX2
L AUXYeY(1-1)+¢(1-1)
. AUXISAUXY+AUXY
‘ AUXI=SUNYLHT® (Y(1-2)+AUXY#Y(I))
» z(1-2)=suM1 K
. s IF(1-¥01%)3,6
3 wxz-r(x)«(ﬂ
AVX2=AUX2 +AUX2
Auxz-emzwr-(r(x-l)wxzﬂ(m))
[ z§x-1)—sunz »

$ Z{XDIN-1)=AUX1
Z(NDIN)=AUX2 . .
)

RITURY
6 Z(NDIN-1)mSUN2
Z(NDIN)=AUXY

. RETURM
END OF INTEGRATION LOOP

.
Q0 00

i NDIN IS QUAL 10 & OR S
: ) 8 suN2el, 1zs‘m--(r(1)«(2)+r(z)«(z)ﬂ())«(;)«())ﬂm) b
’ . 8 SuMleY(2 «(2) )
SUNL=6U
sum-rrr'(r(l)#suumo))
2(1)-$, :
AUX1=Y(3)+Y(3) . .
AUX1=AUX1+£UXY
S ' 2(2)reur2-rre(v(2)aaun1+r(s))
17(%DIN-5)18,9,9
9 Auxx-r(bgﬁ(k) .
AUXI=AUX1+AUXL ' ? .
z 5§-smm~(7(3)*wn«(5)) ) ‘

: 18 2 Ul
2 (% )=syr2 CY : .
' RETURN

. ¢ NDIM 13 EQUAL TO 3
. 11 SUM=HT*(1. 2507 (1)#1(2)41(2)-.257(3))
. : sux2=v(2)+1(2) ’
. SUN2+GUK245UE2 . .
zgz =Hre(¥(2)43Ur241(3))
z -

2)=5UN) ' ' ) Y :
12 RETUR®
XD \

[y
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, , TNUENSTTY KEASURDVENT FARAMETERS r .
Description of Terms: Tables B-1 to 3-6 Qe ‘
s Vaax denotes the frequency at maximua %lbmuon. \ . 4
Slope - representa:t (1) the ajope of the apparent intensity versus conoentration plot
t (Vilson-Vella® method for detersining the absolute integrated 1ntensity of a basd)) .
# J; '

or (2) the alope Of the apparent intensity versus upmn\. peak optical density
: ‘Plot (Russell-Thoapson” method for determining the sbsolute integrated intensity).
The errors 1isted are the standaxd deviations in the slopes from least~-aquares
analyses of (1) the intenaity vonu; concentration plots (Vilson-Vells); or
(2) the intensity versus peak optical density plots (Russell-Thompeon).
[} represents the spectral slit width at vygy.
Av;. Av;. are the true and’ apparent half-intensity buﬂ’viduu. ot

Av; / Av;’ 1s a ratlo given in Ruuy'ne Table I, and 1s expressed as a funotion of av;
and the ratio o/Mv}.
T vV signifies the frequency interval on either side of the band oonty, (v").‘
over which the integration yas performed.
/ ov is the increaent of Cho argunent value used in the computation of band area Yy
Siapson's Rule. : ¢

*Infrared spectra wers recorded at.at least four, usually five dmmnt muou
for each sample. “ho valuss Teported in the tables are the average nluu for the tln or e -

diffexent concentrations.

5. B. Vilson, Jr., and A, J. Vells, J, Chem Phys., 1§, 578 (29%6).

- R A. Russell and H. V. Thonpeon, Spectrochim, Acta, 9, 133 (2957).
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. - TAZLZ B-1 )
Slope of Intensity versus Concentration Plot, Spectral S1it Width, Half-Intensity Band Width, Integration Interval and Increment of ., -
. ° Argument Yalues (Siapson’s Rule) for the O Stretching Absorption of cr(oo)6 in n-Hexane Solution - |
) ' ) Av; s, b Av; veve | vevg A Av; .
B : “max . swpe, N2 a? T e Ead I S by -
. Integration . ¥ilson- Ruscell- . s "
- _ Couplex methed el -7 Yells . . Thoapson al al al a? . a?
] - '__. , - : \‘-':
&(0)g = Siapson’s 1986, 5832172 -3.5%135 2.0 375, 075 195 192 25 130 042 &6
. . , - ’ * 11’.;
: cr(co) Yelghing 1987, -saktiae -89 %100 2,80 3.80 0.7 1.9 2,00 2% 12,0 ; -
L 6 2 N y) Yy
’ 1 - " : v . - ::“f
. . .
: - - N \ [ up
tzt ] ~ - 'J%
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TA3LZ B-2

Slopes of Intensity versus Concentraticn Plots, Spectral $1it Widths, Ha17-Intensify Bard VWidths, Integration Intervals and Incremerts of
Argument Values (Simpeon’s Rule) for the CO Stretching Absorptions of the (q::lobeptatriono)n(m)’ Complexes in ¥ethyleme Chloride Solution

-

- Av;' e Av; a Av; v-vo v-vg v &; . »i;
Vaax " Slope e a2 . ar —_— Tt i
- &) o &5 -
] h . :
Vilson- Puszell- e
Coaplex a1 Yolls Thoapzon el el : . ‘a1 ea”} ‘ 1 . R ' ‘{
CtaCr(c0), 1982, 1402030 -1.79%0.87 2.8 13.5 0.21 303 13.1 64 89 T
. ) + + L
1916.,  -1.33-0.26 - -2.38-0.6 2.70 19.5 0.14 1.02 19.1 -7 3.8 . B
- 1866, © -249%0.35 -5.92%0.92° 2.6 . 26,3 0.10 1.01 26.0 72 3.1 “ ;
- . . . ] ) :g
€, ¥gro(0), 1983. ¢ -11520.58 . -0.9620.5 2.81 12.5 0.23 1.04 1.9 30 2.5, 2.5 .8
: ~1912,, -260%0.88 -378%1s3 270 2. 012 Lol .0 0 2.3 '
: 1880., - 1.33 2012 -2172%016 2.66  22.3 0.10 10 §z20.. 0 19 '
: LERCON 198, -2282032 <c25%038 28 1.5 0.26  1.05  11.0 6 5.8
R ] - 4 S .

. 1908. 1222038 -2.1720.68 2.70 21.0 0.13 1.02 20.6 72 3.5

7., -01720319 -030203 2.6 260 010 .01 258 7 28

© . - - T

” /h

ﬂ‘ ‘ - - i
¢ r
I'd




TAZLE 3-3 -

Slopes of Imnty vm Concentration Plots, Spectral S1it Widtihs,
Azgunent Yaiues (Stnpson s Rule) for the OO Stretching Absorptions of the (Sicyclohcpudiom)}'(w)b Complexes in n-henno Solution

L

Half-Intensity Band Hidtha. Intomtion Intervth and Increments of

Cozplex

poz- %“s“(m)u:

h% '

18

. &3 s avi &} Vevo Vevg &y %
v - I = e ;
Slope, X < " s A"} Av; Av § 1N
, Wilson- Rossell- e
! Yells Thoapson ol aa? . et el el |
203 -0.18%006 -Lostost 290 33l 078 23 L& 20 124 04z 39
1958., - 0.12 2007 -1s0%1.02 2.7 4,5 0.61 1.58  2.86 15 s.2  0.83 3.4
9%,  -0.25%0.33 -0.5821.09 2.8 - .66 0.59  1.38  3.38 20 5.9 0.83° 4.2
1914. g -0.18 20,06 - 0,75 20.23 2.70 4,98 0.5 .73 3.7 25 6.7 0.83 b.s
2084, +0.00 2 0.07 +0.08 To.52 2.92 3.7 0.78 2,50 1.50 10 6.7  0.42 ‘3.6
1959., - = 1.28 0.6 -319%0.32 2.77 5,98 0.56 1.33 3.7 20 5.6  0.83. 4.5
1913., -0.5520.3  -2.0 20.59 2,70 5.4 0.53 1.33 3,8 25 6.5 0.83 4.8
20035 -0.0i 20.00 -%.102%omn 2.91 4,00 0.73  2.08 1,95 32 16.5 .
19574 L2035 -ARZ08y 2.7 875 0.58 1,3% 3.5 2 - 9.2
1910., . - 0.24 2012 -a85tom 2.70 5.75 0.57 1,40 3.50 24 7.1

7

<2\




a- - h Rl PCi, - D R M
. 7 g ~
- "'}-“@‘.’ ?x“ .t é‘v‘ i ~ “ . \ ) . ’,
i -
4 R o
> - ' V- . .

L . ' ‘
¥

- R ° I'd
—

~ Slopes of Imuuj versus Concentration Plots, Spectral S1it Widths, Falf-Intensity Dand Vidths, Integration Intsrvals and Incresents of
Argusent Yalues (Simpsen's Rule) for the 00 Stretching Adbsorptions of the Q_e-k(d)),(?hosphim), Complexes in Vethylene Chloride Solution

-

e g

. : Av; s Av; Av; Vevg  Vevg dv Av; ’
'v . -2 2. s T -
‘ RAX Slcpe, * * ea s 'y Av; AV* T
) ¥ilson- Ruzsell- . )
Cooplex o Yells t:::;son ] ‘el Y - al . oS . ol
_r_._g-m(co)s(m,)}‘ 2000, -6127156 -236F08 291 358 0.8 25 143 20 10 02 38
- 1991., -8.2522,35 -2.4520.78 2.80 575 0.9 1,29 M6 25 5.6 0.8 5.8
. &'Q ‘ * - ) © . ~ . )
- fac-no(00)y(ray)y 209.9 » - 0262089 -0 2 0.6 291 1.2 026 1,06 10,5 80 3.8 1.2 8.8

¥

19%. ¢ <0.15%1.9%0 +0082%1.5 °© 2.81 22,0 0.0 1.001 26.8 60 2.2 . 2.5 _10.7

L faero()[P(enIa,],  “2006.,  -0.36%009 -omsfoz6 28 133 da 10 129 W 37
: 19%0.,, -0.017032 40012053 27 M5 008 01 32 9 29 .

2 © o3 i j

? fas-ne(@)[Megn),]y  T1970., -0a7 Zoe ce06 T80 279 WO 020 2,00 136 88 % o v - ;

f’ - . , 1899., . 40977256 4318734 268 30 007 100 0 9% 2.6 ~ g

i ‘g-ltcm solution ' ‘ ) ) ' \ . -
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v [y
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Slopes of Intensity versus Conceftration Plots, Spectral S1i{t ¥idths, Half-Intensity Band ¥idths, Integration Intervals and Incresents of v
Argunent Values (Simpson’s Rule) for the CO Stretching Abeorptions of sthe ¢is-¥n((0),LBr Complexes in p-Hexane Solution
~ . Av; . . Av; Avi V¥, v”-'s, &v Av;
Veax ﬁ\ Slope, K2 a2 ) » AV; ZV_; Aw; v
) 2 ¥ilson~ Russell~
Conplex -l é&n- Thoepaon - o e , e-'xﬁ.:i e-']' . . el
2 3
ste-an(),[P(cgH, )y r 2089.,  -0.097010 -0152016 300 853 066 170 266 20 2.5 o2 6.3
- y 2028, -ou92ozs -o0,5720.28 2.88  6.88 042 1,18 58 20 3.4 0.8 7.0
. 2006, -137%0.60 -2112%049 2.8 725 038 1.1% 658 25 3.8 0.83 - 8.0
. iqso.s -0.59%0.30 -o0.89%0a5 - 278 11.6 o028 1.05 11.0 25 2.3 0.83 133
grnn(w).[u(csns)J)r 2091, +0.11 20,07 +01720.10 3.00 4.5 - 0.66 178 260 20 2.7 Ob2 6.2
r .
: 2023.., -0.92%047 -o0.822%0.5 2,88 2,03 041 117 6.00 20 33 0.83° 7.2
2011,  -0122048 -00520.36, 2.8 7.5 038 118 64 25 39 0.8 7.8
1962, 5 s0.81 200" +o.59% 0.5 2.78  10.9  0.25 1.08  10.5 20 1.9 0.8 12.7
sie-Ma(00), [s0(CeH, )y Pr 2087, -0 ¥0,12 - 0.6320.18 3.00 4,8 062 158 306 20 65 0.2 7.3
202, -0.89 %010 -0.93%0,22 2.88  6.56 O 1.20 S48  20° 3.6 0.8 , 6.6
"2009.,, <172%03 2137%0.29 2.8 ™8 0.3 113 691 25 36 0.8 B3
1960, -0.36%03 -om5%039 278 109 025 1.06 105 20 L9 0.8 _ 127
—
' 4 . , i
1

[N Ny

e
R T T
Lhs M L Bl el




-

TASLE B-6

Slopes of Intensity versus Concentration Plots, Spectral Slit Widths, Huf)-mumity Band Widths, Integration Intervals and Increments of

Acgunent Yalues (Siapson's Rule) for the (0 Stretching Absorptions of the (ﬂ-cb'c:].opo_r:tm.'.imyl.)ﬁu(cn)3 Complexes in n-Hexane Solution and

. for the (O and CS Stretching Absorptions of the (n-Cyo:loponudimyl)Hn(m)zw Complex in Carbon Dh‘ulpbido 8olution
. AV; . Av; Av'*' Vevo v-vo ov Av;
Vaax . Slope, W2 g2 s AV; z;-;' Av; &

Yilson- Russell-
° Complex o dells Thompson a1 g ol el ™1
#-C gl 'n(00), 200, - 0,10 20.06 - o0.69%0.u5 290 3.9 0.7 2,10 1.8 20 10,8 0.2  bb
. 1968., -0.73%030 - 2.31\\3 0.30 2.76 &3 0.52  1.29 &1 10 2.3 0,83 5.0
+ ' + \
(n-»(:u3c:su,,)ma(co)3 2026.7 +0,06 - 0,07 + 0'.37 - 0.42 2.89 3.9 0.74 2.05 1.91 20 10.5 0.42 6.5
1., -0.952035 -3.25 1M 2.7 6.88 o0 1,15 660 30 - b6 0,8 8.0
/ \

v a0 in(00);08 2009., . = 0.08 2000 -0.91 20,5 2.8 - 6,96 0.81 115  5.65 2 5.7

' : 1956, * " - 0.1 20,02 -1.28%0.23 2.77 8.7 0.2 109 8,00 22 9.0

1263 -o0mfo001 -162%oz2 218 952 0.2 Lo 9.15 56 6.1
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Appendix C , \ il
IXTEGRATED INTENSITY RESULTS
\ * o
Descrivtion of Terzs: Tables C-1 to C-19
Vasx signifies the freqiency at maximum absorption. "
Conca represents the concentrition of solute. ’ “w
TOvm,)" .\ ’ are the spparent intensities of incldent and transaitted radiation
X
‘] at maxisum absorption.
106,5(22), . 1n(12). ' .re the nt absorbance at maximum absorption and the conversion
10°T vpax T ‘Vaax spparent a ce .
t0 the Faperian base, the apperent peak optical density.
Band weight* denotes ths weight of the absorbance curve profile cut-outs,
‘Band avea’ denotes the area under the apparent optital density curve aMl is \
/ expressed by J‘hndln(fol‘l‘)qu. .
Be , represents the apparent integrated absorption intensity defined as
(/1) Joanaln(To/T)\dv, where ¢ is the concentration of solute in
moles per liter, 1 ia the cell path length in ca, and To, 60 T, are
the apparent intensities of the incident and transaltted radiation
when the spectrophotomster 1s set at frequency v.
> .
A . equals the absolute intsgruted absorption intensity defined as !
(1/e1)fyanaln(Io/I )V, where To, and Iy are the incident and trans-
. b . it
nitted intensities of monochromatic radiation of frequency V. L
E 1s the abaclute integrated absorption intensity expressed in practial

units (L.e., A/2.303).

——p [}

L J .
Four individual recordings of the infrared spectra were taken at each conoceatrationy the - -
valués reported in the \ublu. are the average valuss for the four recozdings. . 5?‘5
. ) } i
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.
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Vileon-valle® °

e

Runun-'rhonp-on"

A 18 computed by taking the mean ¢f the 3 values obtained at a numbex
of differsnt concentratiocna and increasing it by 2€. The exrors
liated axe the stardard deviations from the nean,

A 1s evaluated by extrapolating tho‘a values taken at a mumber of
different concentrations to sero concentration. The errors listed

are the -undde deviations in the intercepts, A. fyoa least-squares
e )

.\

analyses of the B versus ¢ plots.

A 1s deternined by extrapolating the B values hk;n at seversl diffe~-
yeht concentrationa to sero np;(nnt posk optical density. The erxrors
1isted are the standard deviations in the intercepts, A, froa least-
squares anslyses of the B versus ln(ra/r)y-‘ plots.

®X. N. Jones, D. A. Ramsay, D. S. Keir, and K. Dobriner, J. An, Chex. Soc., 24, 80 (1952).
E. B. Wilson, Jr., and A. J. Wells, J. Chea, Phys..rE%, 578 (1545).

R. A. Russell and H, V. Thompeon, Spectrochim. , 2..133 (1957).
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L TABLE C-1
Intezrated Intensity of the \a) Stretchirg Absorptlon of Q(G))6 in r-llexare Solution dy Simpson’s Rule
= To ' =ard
Vmax Conen Tovpax f"lu. h(?')“m arca 107% e IOAA. Kl a2 10'.2. x! a2
-1 : -1 a1 -2 ¥ilson- Russell-
ca L] < < o | - Parsay dells Tnoansor:
19%., - 0.6% 9.7 ».? i.o0 8.90 65.8 5.1 68.7 68,7
0.8 95.5 29.9 1.16 5.6 6.6 2 2 s ? a2
0.929 97.1 2.8 1.27 6.3 6.0 )
1.08 ' 97.2 21.5 1.5 ?.27 &.?
1.19 96.4 18.% 1.66 2.00 &2.23
1.3$ 97.7 15.2 1.86 9.19 3.1 o
Yoleealar weight = 220.1 g mol™" ‘Chart scale = 5,96 ca™! inch)
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TASLE C-3

K]

Integrated Intensities of the (0 Stretching Absorptions of (cyclohcptatrieno)cé(aa)3 in Vethylene Chloride Solution by the Weighirg Method

- Veax Conen E?)me ln(;.._".)v”‘ mt vi:;:t E;em: IOJ‘B 10'1‘A. ¥l n2 10'“2. 4l en? "’
-1 2 -1 1 -2 Wilson- Russell- Wilson-  Russell- "

ca nt &€ inch g cn M cm °  Ramsay “ells Thompson Ransay Vells Thompson |

19%2., 1.05 0.460 1.06 0,235  0.258 ¢ 16,2 14,7 1.0 16.1 16,4 6.10 6.9¢ 7.14 .

1.58 0.628 1,45 0.2°5 036 2.6  13.7 Yos Ytz Yo o022 fo.53 2o.7s ;

1.70 0.649 1,50 0.296 0.391\_ 23.6 13.3 " by

1.79 0.697 1.61 0.290  0.417 2 13.7 . -

| 1.85 _ 0.710 1.6 0.296 ~ 0.432  26.Q  13.5 ,
- 1.9) 0.751 1.73 0.296 0.454 27,4 13.6 g
. < 1916, 1.05 0.262 0.603 0.285  0.279 17.5  15.9 15.4 17,3 17.6 6.68 7.50 7.6
1.58 0.362 - 0.8 0.285  0.396 24.8  15.1 Tos 2?0 T3 o7 Zowms  To,s6 :

1.70 0.333 _0.682 0.296 0.433 26,1 14,7 ’ ﬁ

.79 0.406 0.935 0.290  0.462 28.8  15.2 - ;

1.85 0.418 0.963 0.296  0.476  28.7  1b.9 o

1.93 0.837 1.01 0.296°  0.490  29.5 14,7 o

1826, 1.05 0.219 0. 504 0.285 0,237 18.0  16.4 15.0 18.8 19.1 6.51 817 8.31 53

1.58 0.311 0.716 0.285  0.333 24,0 14,6 ot s ?ag toas 2oaa tom %

1.70 0.331 0.762 0,296  0.518  25.2 14,2 3

1.79 0.351 0.803 0.290  0.437 26,9 1.k ;

1.85 0.361 0.831 0.296  0.565 28,0 145 3

j 1.93 0,379 0.873 0.296  0.472 28,5 142 3
volecular welght = 223.2 g mol™> Chart scale = 7,74 ca™> inch ! Cell path length = 1.06 za” fg
9 bt
e -4




TABLZ C-b

o~

Integrated Inteasities of the 00 Stretchiag Absorptions o7 (’.‘]clc!‘cpht:‘.em)’o(&)’ in Yethylens Thléride Solution by Sirpsoa’s Rule

To Ba~d
T°":ax 1.-.(?.)"“ area 10"‘] 10"!, n? a2
A /_1 Vilsoe- Russell-

< cx ° o Razsay Yells Troopson
7.3 0.252 12.6 16,6 7.23 7.62 2.63
9.5 1.13 17.2 17.0 2oz s 060 s+ 07
9.2 1.3 20.1 1.8 g

.. 1.59 25,5 4.5

93.8 1.65 25.9 15.7
9.5 0.660 12.9 18.6 7.9 9.17 9.26
96.2 0.798 - 22.9 18.0 : : 2035 100 I
95.2 0.957 .5 18.6
97.3 0.9%9 22.3 17.6
97.0 1.08 29.5 16.6
96.2 0.592 18.4 18,2 . ?.82 & 8,48
9.5 0.725 22.5 17.8 : : 2003 2 of® 2 o
95'3 0.8” 25-9 1705
96.8 o.881 . 28.1 17.5
97.2 0.996 %.6° 17.2

gﬁm weight = 272.1 g »ol”

— “Chart scale » .97 ox”

Cell path Jemgth ~ 1.15 ==
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a2 C-5 ‘
/ .
Interrated Intensities of the T Stretchi-g Absorpilons of /Cyclobertatrie—s ¥ (ex:);, 17" Yethylene Chloride Solztion by the Telghisg Zethed
o (-0° Saxd Tad
Vaax Toren 10810(7— Yoax 1"(?' ‘Ymax  welrht  area 1075 1072, »l 2 ! 1072, w2
-1 -1 v ¥ilsos-  2ussell- " Tilson- Bussell-
e= N g 4 ;n ¥ oex Raasay VYells Thomyson Baxsay dells °  Trompson
197, .02 0.579 L0 . o265 170 151 15.5 12.2 1.6 672 ., 7.9 2.09
1.16 0. 582 1.25 0.36 197 15.5 2o.s 2 10 23 2o.2 2o.ns 20.5%
1.27 0.57% 1.32 0.321 19.8 15.9 '
1.7 0.621 1.43 0.351 + 21.6 15.1 o
1.% c.679 1.5 0.372  23.3 5.9 )
1.63 0.716 1.65 0.800  26.7 15.5
1908., 1.2 0.2%0 0.605 0.%2  1%.6 17.6 17.3 18.6 12.7 7.50 8.06 , 8.13
1.16 0.317 0.7 0.3  20.5 15.9 20.3 212 Z1.m 2013 Zo.5 20.00
1.27 0. %1 0.735 0.3599  22.1 16.8
1.37 0.367 0.985 0.395  25.3 17.0 ,
1.5 0.5802 0.925 0.422  26.% 16.9 \
1.63, 0.4238 0.936 0.856 281 16.5 ~
1873., 1. 0.283 0. 560 0.223  17.8 16.8 17.0 16.9 16.9 7.% 2. r):.‘n
2 1.16 0.276 0.631 0.25  20.0 16.5 20.2 2 0.6 2 0.7 2 0.0 20.27 2o0.29
s 127 . 0.296 0.622 0.357  22.0 16.7 -
1.3 0.222 0.7%2 0.327  23.9 16.7
1% 0.353 0.213 0.525 26,2 16.8
. W 5 0.372 0.857 0.856  28.0 16.5 .
Zelecalar wetght = 360.0 g 01™" Gurt wigy = 0.297 ¢ inch™ Chart scale = 7.96 ca” inch™ Cell puth Jength = 1.0% nz
e . ’ - nd LY
. \ |
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TABLE C-6

Integrated Intersities of the 0 Stretching Absorptions of (Bicycloheptadiene)&(m)b in n-Fexane Solution by Sixpson’s Rule

fand -,

Vaax Cohen  eax v (2, ares 1078 107%, n! a2 10%, 't a?
2 * -1 1 -2 ?1lson- Russell- Vileon- Russell- ~
ca a% < < cn N " em Bansay Yells Thozpson Ransay hlh Trozpson
203}, 5.87 9.5 1.3 0.859 bo3  7.55 7.26 8.15 8.25 3.18 3.5 3.58
6.60 97.8 36.1 0.997 4.63 7.10 2 0.26 oo 2125 2on 2ok Zo.sm
2.08 972.7 %1 1.05 5.73 6.2
8.08 93.0 28.4 1.2% 5.72 2.17 .
Qb3 97.6 25.8 1.3 6.36 - 6.83 ~ ;
- 19s8., 507 97.4 61.9 . 0.853 2.6) 5.86 ’—\\b.u 5.19 5.20 . 1% 2.2 2.26
6.60 97.0 2.7 0.520 2.72 518 2027 %120 21m o1 fow 2o
. 7.08 % 97.0 55,3 0.562 2.90 5.1%
8.08 96.8 50.4 0.653 3.33 5.18 .
9.43 96.8 46.3 0.732 3.98 8.27
1968, 3.17 92,4 1.1 1.15 6.67 2.3 2.4 2.0 2.8 9.29 9.%7 9.49
3.9% 99.8 26,8 1.9 8.35 1.5 2o.6 229 232 2026 21.m 2142
8,76 93.7 20.1 1.% 9.36 19.9
5.87 98.2 14,9 1.8 1.4 2.2
1916, 4 3.17 98.% 50.5 0.688 5.61 17.9 17.9 186 18.5 ?.76 7.9 8.02
__ 3% 9.8 3.7 1.09 6.91 12,8 203 o  Zos 2013 o fow
826 98.2 29.1 1.22 8.08 17.2 ) T
5.4? 98.2 22.9 1.86 9.42 17.5 .
6.60 99.0 18.2 1.69 1.3 12.3 ™

Bolecular weight = 256.1 g mo1~t
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TA3LE C-7

L4

Integrated Intansitises of the O Stretching Absorptions of (Bicycloheptadiene)¥o((0), in n-Hexane Solutioa by Simpson’s e

Band

fr oyt T .
AT SR DA, S
N TR S T R,

T
Vaax Concn Tovnx ?an 1“(‘X'—':, )Vux area 10'“5 IOJ‘A. Kl a2 10”’8". 5l a2
a1 " 4 -2 - Wilson-  Russell- Vilsoa  Russell-
ca M 4 £ on o Ransay Vells Thoapson Ramsay Vells Thonpson
2084, 3.07 97.8 63.9 0.5826 1.80 , -5.98 6.04 5.91 5.87 2.62 2,57 2,55
: 3.60 92.9 59.7 0.595 2,34 ~  6.06 *o1s Y oss ¥ o * 006 ¥ o.a2s T o.as
5.13 97.9 56.8 0. 544 2.30 5.67
6.00 97.1 83,4 0.805 .56 6.00
1959., 2,00 98,1 28.7 0.930 .77 29.3 28,1 n.7 32.2 12.2 13.8 %0 ’
3.07 .99.5 25,3 1.0 8.25 27,4 ¥ 10 0 ? o9 ? oos ? o ? o
3.60 938.2 19.6 1.61 9.58 27.1 .
5,1 99.1 16.6 1.7 10.8 26,6 .
1913 2.00 99.2 %3,2 0.623 4,22 7 2.5 " a2 22.8- 23.0 9.19 9.90 ~/ 9.97 .
3.07 99.8 8.8 0.945 6,52 213 ¥ o.8 a2 s t 03 2oz 2o
3.60 99.8 33.7 1.09 7.60 21.5
5,13 100.0 .9 1.17 8.09 19.9
, 6.00 99.2 18,3 1.69 1.6 19.5° e . \
Folecular weight = 300.0 ¢ nol~t Chart scale = 5,99 ca~* inch ™t Cell path length = 0,0953 a
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TABLE C-8

’

- .

Integrated Intensities of the 70 Stretching Atsorpiions of (Picycloheptadiene)w(Wxane Solution by the Weiching vethod

To To Chart -Eand Bard - ’
Ymax  Conen log1ols )Vnax ln(“T' Weax welght weicht arca 107 B 107, 17l ea? 0%, ¥ a2
-1 -1 -1 -1 -2 Wilson- Russell- ¥ilgon-  Russell-
cn M g inch Y 1 cn - en Ransa;_ V¥Vells Thompson Ramsay dells Tho=pson
203, 3.1 0.159 0.535 Q222 0.03%  2.17 6.47 6.48 6.43 6.43 2,81 2,79 2.79
3.61 0.216 0.497 ‘0.292 - 0.033 2.38°  6.15 2013 T o019 ¥ 0.2 Y006 * o008 2 o0.09°
3.90 .230 0.530 0.292 0.0%3  2.70 6.5 s : .
5.63 0,342 ‘0,798 0.233 0.060  3.89 6.54 2
13.3 0.735 1.69 0.2%3 0.138  9.92 6.25 P
1957.; 2.56 0.520 1.20 0.292 0.127 7.9  29.0 28.0 3.2 3.0 12,2 1.4 .8
3.13 0.623 1.54 0.292  0.147  9.28 27,5 o T 23 o2 tos 210 2 1a
3.61 0.703 1.63 0.292 0.163 10.3 26.5
3.90° 0.756 1.7 0.292 0.179 11.3 26.9 -
1910., 2.5 0.356 0.220 .292 0.083 521  19.0 _ 18.7 19.3 19.5 8.13 8.37 3.41
3.13 0.427 0.933 0.292  0.099 6.19 18.% tos Yo Y 2037 2 oy I o7
3.61 0.489 1.13 0.2%2 0.110 6.9  17.9
3.90 0.518 1.19 0.292 0.123 7.69 18.%
5.63 0.73? 1.70 0.283 0.169 10.9 18.1
Folecular welght = 383.0 g mol™ Crart scale = 7.95 ca™* inch™- . Cell path length = 0,107 =
> o~ e © e i RS S Lt
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R TABLE C9 e
< . - v . - _; . 2 ::
Integrated Intensities of the 20 Stretching Absorptions of g_a_c-m((!))3(I>‘613)3 in n-Hexane Solution ty timpson’s Rule K
- To - Bard ~ ’ N ’ . P 4
, Veax Corecn ?o":ax In‘(f-)"m area 107 IOJ‘A. nl a2 : 10‘“:“:. Kl a2

Y . -1 1 -2 Vilzon- Pugzell- . d1lzom- Rusgrlle

e [ L o4 < < [ | - Pa=cay Jells Thorpsonx Pancay Yella Tro=pzo
: 2000, 0.135 9.0 56.1 0.537 2,83 15.6 15.3 16.5 16.8 6.64 7.17 2.29 .
L] ’ A
: 0.167 95.2 9.1 0.662 3.00 15.5 2o.s -2 o.8 2 0.8 2022 oowm 2 o035 y
. 0.220 95.2 8.7 0.926 3.9 15.2 s g
) . 0.270 96.0 .7 1.02 b.b2 5.2 > > . 3
r 0.738 95.8  29.0 1.29 5.63 18.5 ' -
ke - — - ~- ‘:
. 1993., 0.135 9.0 59.2 0.k95 3.60 23.2 ° ;" 23.2 26.6 2.7 . 104 10.7 -30.7 , ¥
. 0.16 96.2 5.8 0.619 5.60 0 23.7 20.2 t 2 Y 0.3 2 o.s 2 o8
0.220 9.2 8.3 0.775 5.67 2.8 3 \ ’ . L
0.270 9.9  .26.7 0.971 7.09 2.8 . v ' A
: 0.338 - 9.5 _ 0.7 1.15 8.51 21.7 . ’g
- Bolecular weight = $92.0 ¢ Wol™L Chart scale = 5,68 ca™t gncht /1 €e1) path length ~ 1.1 .
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B TABLE C-10
- * ‘ C .
.° Integrated Intensities of the (0 Stretching Absorptions of ga_c_-:to(m)3(9m3)3 in Yethylene Chloride Solution by Sirmpson's Rule
. —J
B . To Bard -
3 Q"mx Coren Tov.ax Tv?x 1"("1‘_)\'-4: area 107 10"‘4\. w! a2 10’“3. e
-1 -1 1 -2 Wilson- Russell- ¥ilsem- Russell-
on an < < en e em Rancay wen'- ’ Thompson Ramgay “ells Thorpson -
. 20¥.  0.50 958 %7 0,59 8.16  13.9 14.0 wo 139 ° 610 5.7 6.0
0.679 95.5 3.3 0.791 11.0 14,1 0.3 2 o9 ? 10 o013 2 om0 T 0.3
: 0,843 95.2 38.5 0.911 12.9 13.3 h
: 1,02 95.9 Nn.0 1.13 16.1 13.7
1.18 95.9 25.4 1.93 18.9 13.9 ) .
£ .
19%.,  0.510 96.9 61.2 0,560 15.1 25.8 26,1 25.7 25.5 1.3 11,2 1.1
0.679 97,0 $3.2 0,601 20,4 26.1 ?o.7 2 as 2 2.6 2.3 Y 2 1n
0.845 97.0 47.8 0.709 24,2 24,9
) 1.02 97.0 40,9 0,764 29.1 26,7 ’ i
. 1.18 .58,0 35.0 1,03 35.9 26.4 *
Yolecular vsight = $92.0 g mol™" Chart scale = 4,98 ca™> inch™t ‘ Cell path length © 1,15 =a_
e " ‘
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TABLE C-11 °
Integrated Intensities of the (0 Stretching Absorptions of _f_a_c-.“.o(m)sz(%ﬂs)mz]) in Methylene Chloride Solution by the Weighing Method
; To T Tand Pand ¢

& Vmax Conen 1°°1o(r—')vn.x ln(T2) Vmax veight ares 10'2‘8 10‘“A. vl en=2 - 10"‘3. «1 sa'z »
-1 ' -1 1 -2 Wilson-  Ruzsell- ¥ilon-  Russell- ‘
) av g ea M em Ramsay Wells Thompson Ransay ~ %ells Thoapsaea ',"»‘;
2006, 1.12 0.432 0.995 0.251  15.5 13.2 13.3 13.6 - 13.6 5.77 5.90 5.90 -
e 1.%0 0.5%0 1.15 0.298  17.7 13.1 to.2 ? o2 * 0.8 2 0.09 2o X0.%6 ¥
1.3 0.538 1,26 0.313 19.3 12.9 - -
1.62 0. 614 1,41 0.364  22.4 13.3 .
1.79 0.655 1,51 0.359 24,0 12.9 . g
" 1.95 0.717 1.65 0.42) 26.0 12.8 - e

r . .
1940, .12 0.319 0.735 0.47% 29.2 24,9 25.3 24,8 24,8 11.0 10.8 10.8 *’&
1.30 0.369 0.850 0.2  3.b 24,6 2o.2 :2 s ¥o.1 ! o.s T 0.6 %
1,83 0.402 0.926 0.596  36.7 2.7 . ’ e
1.62 0,157 1.05 0.601 k2.6 25.2 . o
1.7 0.496 1.14 0.746 46.0 24,7 - -~ ™

1.95 0.539 1.24 0.815 50.2 26,7 N

i

Nolecular weight = 716.9 ¢ 501'1

Chart weight = 0,298 g inch™}

Chart scale = 7.96 ca~% inch™%
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Integrated Intensities of the 0O Stretching Absorptions of m-ro(m)3[z’(céus)2c133 in Fethylene Chloride Solution by the Velghing YetHod
To To . Pand Bu;d
Veax Conen loslo(?)\'ux 1”(1—)\;.“ weight area 107%5 - IO‘hA, ¥l en2 107%, 7l
g 4 1 -2 Vilson-  Russill- ¥ilson-  Russell-
- M g ca | B Ramsay . Yells Tho:?m Ransay dells Thoapson
‘ 1970, 0.93 0.300 0.691 0.228 1.0  13.7 16.3 1,2 1.6 6.20 6.17 5.92
) 1.05 0.613 0.951 0.259 16,0 1.6 Yo : 2.3/3’ 1.8 *0.17 21.00 20.79
v 1.21 0,442 1.02 0.2%1 17.3 13.7
. 1.36 0.497 1.15 0.324  20.0 .1
g L“\_, 0. 546 1.26 0.350 21,6  UN] '
il - .
: 1889.,  0.935 0.261 0.601 0.u26 283 25.6 27.9 26.2 26,8 iz 1.4 10.8
. 1,05 - 0,323 0,74 0.509  31.4 28.7 21 2 9.0 ! 6.2 ?o.s - 23,0 Z2.7
2 1.21 0.348 0.%01 0.563  W.7 27.5 )
b 1.36 0.3%7 02991 0.643  50.0 28.1
5. 1,88 ° 0.425 0.979 0.673  B1.5 26.9 &
¥ rolecular weight = %1,0 g mol > Chart weight = 0,293 g inch > Chart Scale = 7.96 ca™" inch™" Coll path lemgth = 1,04 =
v
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TAZ 21
Integrsted Intemsities of the OD Stretching idsorpticas of g_’-za(m).[r(cssj),}r is n-Zexsme Solation by Sispeca’s Bule
’ Toy zd
Yaax Coacn n’"m r‘nx NT—)'nx area 107 10"A.§ ! a2 w"z. ! a2
«1 ‘ -1 3 -2 1lso00- Pwesell- ¥1lsoo- Pwsoell}-
. - a < < = X em Pezsay Fells Thospeon Damany Tells Thenpeoa
o 20%9.,  0.66) 8.7 .1 0.897 2.21 3.68 3.70 3.73 3.75 1.6 1L& 1.63
0.71 .8 50 0.559 2.9 3.7 *008 %oz 2 oz o3 Zom Iox
1.09 2.0 2%.6 0.7¢2 (W3 1.5 ,
p Ly 0.2 21 0.916 5.8 3.53 ‘
- - 1.58 8%.7 29.2 1.67 6.70 3.68
* -m" o‘“, ”’6 ”aa oom "76 7-% 70“ 7987 70’ . 3’25 g ’o& 30‘5
- 0.791 83.6 7.5 0.3 6.0 2.60 2o02s 2o 2 oé 2 on 202 2 om
1.09 7.7 26.7 1.08 9.17 7.28
Ly 7¢.1 2.0 1.27 10.5 6.91
: 1.58 8.0 18.7 1.89 3.3 7.3
2006, , 0.5%7 79.8 35.3 0.%16 7.22 12.5 12,3 1.2 13.5 [ %] 5.7 5.
" 0.663 2.7 n.2 0.950 2}9.«; 1.8 2 0.6 212 21 202 Z0m 2 o9
; . 0.791 0®.8 2.2 - 110 © 11.7 r.s
.- i 1.09 0.0 < 17.7 1.5 .8 11.8
b . B % ;) 80.2 13.9 LL7s 17.2 n.3
1960, 0.663 807 3.3 0.513 6.6 8.7 8.2 9.23 9.3 3.0  Aa .08
: .71 .8 a5 0.601 8.09 .89 2on 2om 2oz 200 Z2en Zox
" , 1.09 £0.0 5.2 0.8 10.8 8.58
- . 80.2 30.7 Q.90 12.8 8.%0
o 1.58 &n.7 2.7 1.12 15.1 s
T Nelecular wight = 509.2 g _— é-rt scale = 4,98 e e Cell path Jength = 1.15 =
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TASLZ C-18 .

Integrated Intensities of the CD Stretching Absorptiors of _c}g—ﬂn(w)kcka(c6ﬂs)3}r in p-¥exane Solution by Simpson‘s Eule

4

e

B

Conen To, R 1“(}.‘1‘3)\'2;:: 10'&1. g1 o2
¥ilson- Russell-
an % % Ramzay dells Thompson
0.59% 93.0 61,2 0.819 3.65 3.57 3.7 -
0.63 9%.5- 60.8 0.441 2 o.05 o 2 ooas : :
.83 92.4 8.9 0.636 :
1.19 93.b 50,9 0.826
1.26 .7 1.6 0.672 _
0.59% 92.0 . #7.3 0.665 9.00 9.67 9.65
0.632 9.5 s.8 0.71% 207 Yo 2*ain : b4 s
0.88% 9.4 3.8 1.03
1.19 9.4 25.9 1,27
1.26 9.7 26,2 1.35
0.842 92.2 89,0 0.632 12.0 1.9 1.8
0.5 93.0 50,1 0.8 2 0.3 2 o.8 2 o8 : :
0.632 o8, 5 7.9 0.91% .
0,882 92.4 25.9 1,27
1.19 93.4 18.1 1.64
0.59 9.0 [L 0.5869 8.6 8.1% 8.09
0.632 .5 6.2 0.520 2o 2om 2 om b4 b4
0,88 928 856 0,706
1.19 9. »”.1 0.923
1.26 .2 35.1 0.993

tasd oy

f

.ot

Releader weight = 353.1 g mol™>
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i TABLE C-15
- Integrated Intensities of the (0 Stretching Absorptions of _c_ignn(w)b[so(céﬂ’);}r in n-Kexans Solution by Simpson‘s Mule
To Rand
Vaax Conen T°"n.x TV-;.: lﬂ(T)Vm area 107% 10"‘:\. w2 10'&!. Y 2
-1 - - 1 -2 ¥ilsone Russell- ¥ilsou- Russelle -
e " £ % ca N" e Raasay Yells Thompson Ranszay Yella Thocpeon
- . -
2097, 0.550 92.5 59.1 0.uk8 2,90 u.g 4,30 4.61 5,64 1.87 2.00 2.02
0.633 92.2 56.1 0.497 1.21 5. owm Yoz ¢ ooz <006 ¥ oomn $ 012
°'”3 %09 N “6.2 0.729 bn 61 bn29
1.10 92.5 %0.8 0.819 5.16 5,08
1.27 9.5 35.5 0.950 5.86 5.02 .
2021, 0.550 9.8 50.1 0.606 8,99 7.89 T 2.70 8.% 8.4 3.3% 1.6 © .68
: 0.633 91.2 86,1 0.682 5.6 am. 2 o2 Y o2zn ¢ oo Yo 2o 2 on
0.933. -93.9 35.7 0.967 8.0? ?2.52
1,10 91.5 30.0 1.12 9.19 ?2.26 - -
1.2? 90.5 24,9 1.29 10.6 7.30 R
2009.2 0.567 9%.? 56.9 ‘},\ 0.703 ?.15 13.3 12.8 13.8 14,0 5,57 6.0
0.550 92.5 a0 0.814 8,14 12.9 20.5 ¥ o6 ¥ o2 t oz ¥ om
0,633 92.2 3.7 0.521 9.05 12.4% ’
0.93) 9.9 26,1 1.29 13.1 12.2
1.10 92.5 20.6 1.50 15.3 12.1 .
1960.,, 0.5%0 92.5% 57.9 0.489 5.95 9,40 . 9.23 9.37 9.%7 . 5,01
0.633 92.2 4,8 0.520 6.83 8.8) 2020 Yo o <0 ¢ 226
0.93) 9%.9 ba,1 0.766 9.9 9.13 .
1.10 9.5 38.6 0.87% _ 1.4 9.02 -
1.27 9.§ 33.1 1,02 12,9 8.88 )
Nelecular weight = 600.0 g mol ™ Chart scale = 5.98 oa”> inch™l Cell path length
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TABLE C-16 \
Integrated Intersitles of the 20 Stretching Absorpiloas of 1!--(:5F!5.'.’1':(CD)3 in n-Hexave Solution by Simpson’s Rule
. To Banrd ’
aax Cones  TOveax  eaxr T Naax  avea 1078 10, ¥l a? 1070, ! e
_1' -1 1 -2 ¥Vilson-  Russell- Tils00-'  Pussell-
e= it < < ® en K e Ransay tells Thoxpson BRarsay dells Thempson
20%0.4 355 99.0 563 0.601 2.85 g2z °  sm 8.68 8.25 ° 3.65 3.7 3.%
! 3.92 93.9 50.6 0.670 3.28 £.% 20.12 2o.6n Zo.7s 2 0.05 Zo.22 Zo.2
L 4.50 92,7 6.8 0.786 3.76 2. %
o ) . 892 92.3 8.7 0.811 3.96 8.08 )
o s.42 9%.7  b0.6 0.28 A.ka 8.19 .
. ) v o
| 8., 2.6 989 359 093 66 258 25.6 2.6 \ 2.9 1.1 12.0 12.1
g 2.95 99.1 ».1 1.07 7.52 25.5 Zo.s Zo.8 2o.s Zo.2 To.3 2o
3.85  100.1 29.3 1.23 8.5 25,8
/ - / -
3.92  100.0  25.6 1.36 9.27  28.9 /
. W 99.9 21.0 1.56 10.9 2.3
Yolecular welight = 2081 g mol™> Chart scale = §.98 cu~3 inch~) Call path lomgth = 0.100 am
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TABLE C-17

.
.
v . P

e
SlellX

Integrated Intensities of the (O Stretchink Absorptions of (ﬂ-Cﬂ)Csﬂb)?ﬂ(w)j in n-liexane Solution by Simpeon’s Rule

o

v 2 Red B s Lt X Sy

. To Band p
J Veax Conen To"aix T:ux ln(T)me area 10748 IOJA. wl 2 10’“3. R

-1 1 -2 Vilson- Russell- ¥ilson- Russell-
i e =M % ca K- cm Ransay Yells Thompson Ramsay Yells Thozpson
L 20260, k.32 98.7 47.1 0.740 3.6 8,43 8.67 8.17 8.1? 3.7 3.55 3.55
- 878 98.8 83.7 °  0.816 4,08 8.60 2o.12 Zo.82 2o.eu ¥ 0.05 2 0. Yoy
P 5,26 9.4 40,5 0.898 4.3 8.3
| 5.81 996 ;1 0.988 b99  8.59
6.21 100.0 M.7 1.06 5.33 8.58

. MW 2,78 9.9 425 0.855 250  27.0 25.9 29.0 295 2 12.6 2.8
o 3.3 99.9 37.1 0.991 8.29  24.9 0.9 *2.9 235 oum 3 W
- 3.81 100.5 R.3  , 1Ll 9.66, 25.4 ’

5, 5.32 100.0 29.2 1.23 10,7 25.8
<. ' k7% 1003 260  "1.35 1.8 2.8

Xolecular weight = 218.1 g mnol™>
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t

Yssas S
PRLY Mg

1

+

A

’
-
3
i

e
) g .
\ : L
- . - [ R
N ey o N TS SN u,'u.ﬂ‘;g
. - ¢ o s o .z - m#’-('x-“‘ ‘gxx.' . %Xﬁﬁ“%i&;«‘wﬂ
- -, P T I N - v -



. . . Lo S SBTOL A1 Ry
- U %
. A ’ TR T
A ; 2
2.

s ¢ TABLZ C-18

o
InterTated Intenaities of the OO Strvtcht}g Absorptions of n-csusrn(co)zcs in Carbon Disulphide Solution dy the Velghing Yethod

To To Tad bard - - . - "
Veax Concn 1°‘10(r)\'ru ln(f)vnu weirht  area 107% IOJA. vl a2 10"'.’:. ¥l a?
A - N
1 -1 1 -2 ¥ilson~- Russell- ¥ileor - Rucsell-
e aM g ex oM en Raxgay ¥ells Thoapson Ransay Wells Thozpson .
209.,, 2.7% 0.9 0.901 0.126 8.9% 10.8 10.6 11.3 11.8 4,62 4,92 5.01
9.2% 0.57 1.03 0.147 10, 10.6 ? o2 2 o.n - 2o.5 ¥o.09 2047 2o0.20
10.2 0.L25 1.12 0.163 11.5 10.6 ° . ' -
12.1 0.56% 1.30 0.189 13.3 10.2
. 13.7 0.626 1.44 0.211 14,9 10.2 . -
i ‘ 15.5 0.692 1.57 0,240 17.0 10.2 .
1956. 2.75 0.3%0 0.975 0.169 12,0 1.4 8.1 15.1 15.4 6,14 6.56- 6.68
9 . + + + o7 + -
— 9,25 0.5435 1.00 0.154 13.7 12.9 2. 0.3 2o.s < 0.7 2043 Jo.23 2 o0.29
10.2 0.673 1.09 0.215 15.2 14,0
12.1 0. 548 1.26 0.2 12.0 13.8 2
13.7 0.603 1.39 0.2% 20.1 13.7
15.5 0.664 1.5 0,713 22.2 13.4
¥olecular welght = 220.1 g mo1~L “Chart welght = 0.260 g tneh? Chart scale = 8,02 ea™! tneh-? Cell path leagth = 0,107 =a
) . “
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) ’ TABLZ C-19 : ’
o
Integrated Intonsity of the CS Streiching Absorptlon of ﬂ-CSHS.‘:n(G))zS in Carbon Disulphide Solution by the ¥eighing Hethod
2
To To Band Sand
Vaax Conen !10(7—)"“: 1"("1‘— )Vux weight ares 1074 IO'bA, w1 a2 10’“3. w1l en?
e ° 21 a1 2 $ilson-  Russell- © W¥llson-  Russell-
cn N [ 4 en " e Ramsay Vells _Thonpson Ramsay ¥ells Thorpson
1263.4 7.75 0.304 0.700 0.147  10.4 12.5 12.5 13.5 13.8 5,42 5,28 5.99
—
- 9.25 0.354 0.815 0,176 '12.5 12.6 o3 + 0.4 +tos I o1 +0.18 + 0.22
10.2 0.3%2 0.880 0,190 13.5 12.4
12,1 0. bty 1.02 0.226  15.9 12.2 - B
R 13.7 0.491 1.13 0.286 17.4 11.9
. 155 0,542 1.25 0,275 19.5  11.8
Molecular weight = 220.1 g mol™" Chart welght = 0,260 g ineh™+ Chart scale = £.02 ca~" inch > Cell path length = 0,107 na
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