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INFRARED INTE~SITIES OF THE 00 STRZl'ClUNC MOlES OF .. . 
SOfœ TRANSITION Mgz'AL CARBONYL OOMPUXES . ] 

By 

I:awn Agnes Johanason 

ABSTRAcr 

The work in thls thesls constltutes an addltlonal at~ of the 
, ~ 

infrared lntensltles of the carbonyl stretch1n! absorptions of tranalJ 

tion metal carbonyl complexes. CQ-lntenslty data are reported for the 

following complexesl Cr(OO)6' (C,rcloheptatrlene)M(OO)J and (Blcyclohepta

diene)H(CO)4 (I-i • Cr, Mo, W), faC-Mo(OO)3lp(C6!15)3_XClx~ (x - .!:3), 

2..!!-f·tn( Cl)~4LBr lL • p( C6H5)J' Aa(C6H5)J' Sb(C6"S)3J. n-RC5H~n(CX»J 

(R • H, Cil), and n-C5H5Mn(OO)2CS. 

The lnter,rated Intenslty results are used as a basla for a furtner 

investigation of the 0- and n-bonding abl11ties of the varloua ligands 

in these complexes. The first aeasure .. nt of the Infrared Intena1t1 

of a thlooarbonyl stretching lIOCle ln a IIetal thlocarbollJl coapiex. 
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, SOME TR~Sl'rrdN MerAL CARBONYL OOMPLIXIS 
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8)' ., 
'. 1 

J X.lfn Agnes Johan'80n 

R&:SUHE 

Le conten~ de cette. th~ .. e.t un. Itude .dcUtlon:lelle de. rlntenalUa 
, 

d'absorption par élongation, en 8pe~tro.copl. Infrarousf. 4-. !lOupe. 
, ~ 
carbonyles des cOlllplexea carbonylé8 des sa6t1aux de t.J:ana1.t1on. te. 

valeurs des inten.ité. no ont été déte~1née. pour le. co.pl.x •• . " 
l> -. 

suiva.nts: Cr(OO)6' (Cycloheptatr1.ne)M(~)3 et (Blcyoloh.p~l.ne)- , 

M(OJ54 (~1 - Cr, ~.o. Il). ,fac-Mo(OO)Jlp(~cix.1:J. ex - 1-). 

cls-Mn(OO)4LBr lL - P(C6H,5))' A8(C6HS»)' Sb(96HS)JJ, n-RCS"4Mn(OO)J 
'r ' 

(R • l~H ), et n-C5HSMn(OO)2cs. .'i-

tel aÜ1ta~. obtenus par intégration de. 1ntena1té • .,rv.nt d. 

l'étude des p~881bl11tés qu'ont le. 11aison8 0 .t n d. ro~r 

différ nta liganda chez ce8 co.pl.xe.. La preaim .. aure de l '1ntenalt4, 

en ap Ctro8co~1e infraro\lie, ·'Ci 'un type d té1o",:tlon ,'un 'pooupe .. nt 

th1 carbonyle du co.pl.xe aétalllque thlocanon:ylé. n-CS"sMn(OO'2CS, .~' 

e. égal •• ent re~&~é,. • 
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Chapter'l, 

INTENSITY OF' AN INFRf.RED ABSORPTION BAND 

General 

Every distinct infrared absorption band is characterlzed by the 
,-

frequency at which maximum absorption occur$ and by the integrated 

absorptIon Intenslty. Both band characterlstics are related in a 

fundamental way to the electroni~ properties of the mole cule and conae

quently provide very useful information concerning molecular'propertles. 1 

~ 

However, although absorption frequencles of moleculee have been studled 

extensively, absorption Intensities ~ve recelved comparatlvely 11ttle 

attention. This apparent lack of interest ln absorption intenalty 

studies is due largely to the difficul t1~ and tedlousness of the exper
f 

imental procedures and to the theoretlcal problems encountered ln the 
~ 

Interpretation of results. Howner, now that high resolution Infrared 

spectrophotometers with 11near absorbance fac1litles have becoae 

generally aval1able, the practical dlfflcultles, at least, have been 

1Il1nImlzed. 1 Consequently, as predicted by Brown in 1958 ln hie reviev 

of infrared Intensitles, much aore vork has been oarrled out ln recent 

years. 

Accordlng to the çlassicai model, a aolecule conslsts of a set of 
~. 

point masses connected to one another by a set of elastlc forces. Th. 

syste. ~consld~red to \lndergo VlbratiOnal.laOtion ln a'ccordan~ Vlt}' 

the lave of aechanlcsr 2,3 the )N-6 vlbratlonal de8r8 •• of freedoa ()\~S 

for a 11near aclecule) of an N-atoa aclecule are ter.ed the noraal'.ad ••• 

1 

'.' 



~:.' <, 

~ . 

If the vlbratlonal aotion assoclated wlth a normal vibration ~rodUC.8 
,-

.a perlodlc ahl~t in charge distribution and thi. ahift re.ult. ln • 

change ln aolecular dipole ao.ent. the vibration 18 aaid to be lntrared-

active. Since any vibrational aotion of the ,olecule can be ~eaolved 

~s a superposition of the normal vlbiâtiona, the frequency at which the 

absorption occurs la the noraal vibration frequency •• 04 the inteftaity 
, 

of the absorption is the intensity correaponding to the normal 

vibration. 1 

Expressions for Band Intenslty 

The true integrated absorption intenaity of an infrared absorption 

band, A, ,corresponding ta the 1 th fundalllental vibratlonal tranai tion, 

is defined. as 

(1) 

.:1 

where ()l.v(l) 1& the adsorption coefficient of the band correaponding to 
6 th 0 

the i nonaal vibration at frequency \/, 10 " and 1" are the incident 

and transaitted Intenaities of .onochromatic radiation of frequency ", 
'V' 1 

C i8 the concentration o~ solute in aolea liter- • and l la the cell , , 

path length in centl.etera. Such a definiti~n fol Iowa readily rra. the 

well-known exponentlal law of absorption, 

(2) 
\ 

} The absorption in~en8ity ia related to the polar propertl •• of a 

aolecule through .t ta direct proport,lonal1 ty to the square of th. 

aolecular dlpol. IIOMnt d.rl~ly.2 
\, 

Cl) 

--
.. " ' l~!\t '" §o .... jl."' • .. :'tl..' I~" ~in" 
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where N lB the number of lIoleculea per unlt volu.. ot ..-pIe, c 1. the 

Y_l~~\y of 11.h' .~ Qi li 'he no,..l ... ordlna\. ro~ \hl ,th V~.,,',.~. 

The vector ~ la the aolecular,dlpole aoasnt and (ap/~)o le lt. rate '\ 
1 

of change wlth respect to Ql. The quantity (aW~)o, the aol.cular 

dlpole moment derlvatlve, la ovaluated at the .olscular equillbriua 

configuratlon. Thls equatlon expreasea th. aeaaured lntenaltiea ln 

termA of the nomal co-ordlnates of a lIolecule. In order to interpret 
, 

the intensitles ln terme of bond propert~ea. one aust red~ce the dipole 

moment derlva~ives, (à~/aQl)O' to quàntlties whlch are characterletlc 

of indlvldual bonda. The dlfficultlea encountered ln such an operatlon 

are best appreciated by conBlderlng the aasuaptlons vhlch are Involved. 

~Quatlon () ls derived on the aasuaptlon that the aolecular dlpol. 

moment can be expanded as a Taylor serIes ln tsras of nuclear diaplace-

ments from the eQuilibrlum positions and that aIl but the firet 

derivatlve8 can he ne~lectedl that la, 

~ - ~o + f (à~/àQl )oQi' + hlgher teras (negllg1ble) .~.. (4) 

This 18 tho assumptlon ~f electrical harmonlc1ty. It 1. true on1y ta 
'f'-

• 1 

a -first approxImation, sinee Inten.ltles of infrared coablnation and 

o~ertone bands ought to be zero in th!a approxiaatlon. Altho\J8h th!. . 
la certalnly not the ~se. 1 t 16 a falrly rea80nable .s.\aPtlon 81nee 

the 1ntensitles of combl~~lona and overtons. are uaually tar 1 ••• 

than those of the funduentala (unles. a- coablnation or overton. band 

gains lntenslty by re80nance rraa a fundaDental of the aaae sy ... try). 

At any rate, the error Involved ln the as.uaptlon or haraonlclty 1., . 
probably auah les. than the present expert_nt&! .rrors and thoN 

, . 4 S 
ariaing froll the un certal nt y ln the noraa1 c:o-ordlnate ~. ' 

,-

" 
\ 
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A sillpler vay of repreeenting ~ la to express 1 t as a l1Dear • 

ooJDblnatlon of IIIOleoul&r .y"t.ry oo-cmt1Mt •• , Bj,2 

where the coefficients L1j are obtained rro. the aoleculàr geo .. try, 

- the masses of the atolls and the potentiai energy function of the r 

(s) 

molecule. It ls here that the nal dlfficulty arIses. AlthoU8h "atone , . 
Jn8.sses are accurately known and ~ .. tr1es can often be Inde

pendently deteralned or estl;ated fairly accurately, the force field 

~ (l.e •• the force constants connecting aIl atoas ln the aolecule), in 

terms of whlch the potential energy f'unctlon is expresaed, constitutes 

the unknown ln a vlbraUonal problea. Unfortunately, force constant, 

are known wlth precision for very few aolecules. Host aolecules have 

more force constants than frequencles, and 80 thelr coaplete potentlal 

energy funetion cannot be detel'1lll'ned.. The usuai procedure ls to elther 

'< assume that some of the force constants can he neglect,d while 80 .. 

can be ~r1ed over from other IIlQlacu1es. or to adopt a lIOdel foree 

fleld whlch dec~ases the nUIDber of distinct force. constant a bl po.tu-

lating that soae symmetr,y unrelated force constants have related values 

(generally a simple proportion). Thua, thè ... jor source or uncerta1nty 

in the Interpretation of Infra.red absorption barxlà in teras of bond 

propertles 18 the fora of the force fleld. 4 

OnCfJ a' reaeonable force field haa b .. n deducecl, and hence the rom 

of the normal co-ordlnates approxi.ated, the next stop 18 ta vlsœl.lse 

"hat the resultlng (aJl/aQi)O .... n. Recause ~ ls a ~ co-ord1nat.e 

of 'the .olecule, lt ta conceptually dlfficult t:o &~re~te the ' 

e{gn~f1cance of the derivat1ve. (aw~)o and to utlU .. the.. If" one 

1 .. 
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, ' 

could trans~te the molecular propertles lnto the SUll of a a.~ of bond 

p~p.rtl"t on. eould:'~red)l;' the derivat1ve. (a~/aQi)O 1nt.o thON 

~ ,1;),. 
characterlat1c of Inalvldual bonds. In order ta accomplish th1., two 

", _fi. , '~""4' 
assumptlona are necessaq;"y i, 

(1) The stretch!n,; of a bond 'by dr produces a change of 

di pole moment along the bond of (à~/ar)~rl' 

(2) Changes ln one bond do n~t result ln changes in another 

bond. 

This means essentlally that the total molecular dipole moment ,change 

resultlng from the slmultaneous displacement of several bonda 18 aaauaed 
---) 

to be the vector sum of the moments produëed by each lndividual bond. 

This assumption' ls quite reasonable for relatively simple Molecules and 

for larger Molecules possesslng sufflclent symmetty. 

Now, since, the molecular symmetry co-ordlnates, Sjt maibe expresaed . ' 

as 11.nea.r combinations of internaI bond' co-ordinates, lit' 2 

, Sj - ~ Ujk ~ (6) 

one can obtaln [by utl11z1ng equat10ns (t), (4), (5), and (6)J the 

deslred resulta an expression relatlng the lntensity of a nor.al mode 
1 

to'bond moment derlvat1ves. 4 

It follows from equatlon (7) that one should be,able to sain u .. ful 

information concernlng the nature of the bond dipole moment changea 
~ 

" '" upon 8,1 teration of bond lengths durlng a. noni&l .tretchlng vlbratlon 

by studylng \he lntegrated absorption ~ntenslty of the normal mode • 

.. . 
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Deterrninatlon of Band Inansl ty , 
~ , t " 

i' 
The expression for the true integratea abaorpt1on 1nt.n.~t" A. 

a8 olted earller, la 

(8) 

! where 10 \1 and 1\1 are the incident aM transmitted lntensitiea of lIIono

chromatic radiation of frequency \l, \/ls the adsorption coefficient 

for frequency \l, c 16 the concentrati n of solute 1~ moles llter-~ and 

1 ls the oeIl path length 
\ 

Unfortunately, awing ta the presen,e of finita sllt wldths, the 

radiation 18 not monoChromat~c and the q~~t1ty that la actually mea

sured ls the apparent lntegrated absorPtl,n Inten81ty, B. givan by 

B - ~lJ'bandln(~O)~\I (9) 
\ 
\ 

where Tov and Tv are the apparent Intanaltle~ of the inoident and 

transmltted radiatlon when the spectrophotometer 18 set at frequency v. 

The tl"e Integrated absorp~lon 1nteris1ty, A, can be determlned 

essentlally ln two ways 1 

, 
~l) by measurlng the area under the experlmental absorption 

band and extrapolating th~ values ao determlned .s 

a fulbtion of varioua parallle\ersJ 6-9 . 

(2) by direct calculation trom principal band charactfristics, 

au ch as the peak,halght and the half-lnt~nslt1 band wldth. 

aS8W111ng certain functiona for the sllt and fol the wpe 

of the absorption band. 6•1Q-l? 

,1 
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Direct calculaUon lIlethods have the advantage that they are ge~ér- . 

ally extremely rapld compared to band-area extpapolat10na. )IWVeVer, a 

serioue limitation of direct calculat~on methoda liès ln ~ fa ct that' 

they usually depend on measurements at only a few point, on the exper-

1men~1 band wh1le band-area methode 1nvolve m.a8~m~te over the whol. 

of the experlmental curve. Assumptions regardlrtg the~llt function and 

the shape of the absorption band are a1so fundamental to direct calcu: 

lation methods. Therefore. if a qulck crude estlmate of Intensity ls 
, 

,aIl that ls desired, direct calculatlon methods are sufflclent. However, 

for accurate work, band-area extrapolation procedures are usually the 

methods of choiee. The extent of thls discussion, therefore, will be 

I1mlted to a consideration of thls technique. 

The first two extrapolation procedures for th~ determlnatlon of 

true lntegrated absorption intensities from experImen~l absorption 

6 - ? corves were described by Bourgin and by WIlson and Wells and were 

applied to gases. The methods lnvolve extrapolatIons of measurements 

of band areas made at a series of dlf~erent concentrations or path 

lengths to zero concentration or path length and are equally applicable . ) 

ln the case of liquide and ~olutlon8. 

{ 
1. The Fourgln- Extrapolation 

6 . ' 
Bourgin plotted th~ absOrption curve a8 fractlonal absorption, 

-1 1-{T/To } ,&galnst frequency, v, in cm 1 the area, A'. under the cùrve v 

18 then given by 

(10) 

'. " -
" r 

v " 

1 • 

- , 

/, , 
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• 
Sine. lt. haa been aho,", t.hat th!a a.rea 18 lnclependent ot the re.olvins 

t' power, we u.y wr!" 

1 

\ 

(11) 

Subati ~uting ln the exponentlal la" of absorption and expand.lng "e pt 
~ 

( , ~ 

1 

A' 2) 2 
cl • l barxl[ ttv - (l'li cl + "'II (Cl) .. 

, 2 ' ) , 
., • û 

••• (12) 

or 

A' 
U.· ~ • J', Cl d v - A ca band v 

01 .... 0 

Bence, the true Integrated absorption Intena1ty 1I&y be obt&lned by plot

ting k' IcI aga.1nat cl e.nd ext.rapola.tlng to el • O. Sine. the 8.l'ea, A', 

18 lr:t.ependent of the re801vll18 power uaed. the nature of the extrap

olation la dao independent of the reaolvlrl8 power and. 1-. o~ep.nde~t 

on the band shape. 

2. The Wilson-Vells Extrapolation 

Wl1son and Vells? de.onatrated that 

or ln other wo:rda 

11': (A-B) • 0 
01 ... 0 

u. B - A 
cl~O 

(14) 

US) 

Therefore, by ext.raj)01a~ng th.
a apparent Integrated absorption 1nten-

! 

sl tie. talcen at a. nuaber of concentration. or path lengt.ha to .~ 

concentration or path lengtb, the t.rue Intecnt.ecl abllOrptlon IntenaltJ 

la obtained. The Mthocl In'fOl.,.. the uauapUQCl that (1) the Incident 
" 

" 

, , 

, .... ,. , .~, 
) • po 1 ~ ... 
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lntel'lsity 18 eon.tant over the aUt. "ldth and (11) the rellOlv1111 po .. r ' 

18 constant over the "ldth of the band. The nature of the ext.rapolation 

la ~ependent on the true band ahape and on the ,retaolvlnc poWer UHCl • 

). RamMY' Il t1ethod. 

8 
Ham8&Y aocUfhd both the Ro~ln and the Wl1eon-V.l1. prooe-

dures by' introduclng Iln a •• uaptlon concernlng the 'forll of t.he &baorpt.1on~ 1 

, ' -

curV8B. lie anulled Ul&t th, t.rue shape of an absorption band couleS be, r 
expr88Bed a8 a Lorentl functlon 1 

(16) 

where "0 la the frequenc)' of the band centr., a and b are co,netante, 

and \1-'110 19 lhe lnterval on e1ther .ld. of the band centre over whlch 

tho tnt\lp,rl\tlon te. porfol"1llod. Hia &sau.ptlon rep.ardll\f'; the aUt funct10n 
- ~ 

was the lIsu:ll one .!!!.., Il trJangul'ar BUt functfon. 

l'lamnay deo omployed correction facton for t.h. "area under the 
f 

wlne;r.. " Althoul\h. in principl.', th. Inteffttion of equatlon (8) .hould 

be r~rried out ~o nn infinite'd1stance on elth.r alde of the band .ax- ' 

Imurn, ln prl\ct~ce, ,the a~a under the absorpt.ion curve 1 ...... ured on1y 

to finite 11m1to on either aide of the band cent.re. In the ab.enoe of 

av.rlarpln~ bands, the l1aita choseh are thoee at whlch the experl .. ntal 

error becollleo of th. M •• or4er of ~itude •• th. appannt. lnt.enalty. 
t 

Ramsay felt, by vlrt.ue of hie oalculationa, that 'the 're.ldual un .... ure4 . 
ar.~ could be Appreciable, .~noe although the ab.orpt,lon 1 .... 11. the 

-
remainlnR frequency range le lar~e. For thl. reuon he tPpllecl "w1na 

r, 

corrections" ta all h1e ArMe, bot.h calculatecl .and .... uritd. The win« 

correoUona are expreeHd. aa a percen~ of the .... ur,4 band &N& and 

, 
d 

l 
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are available for a series of values of the ~cteriatic band quantit1 . 

(V-Vo)/b, 

a. Èxtension of the Bourgin Extrapolation 
\ 

If the shape of the true absorption curve 18 repreaented by 

equatton (16) then.Bourgin's expression, equation (12), beco.es 

!:.. - A } 1 - 1.- x l'1n(10) ~ ~ ).1 [1n(IO ) j
cl ?, 2. 2 l vlllaX ). ~ I Vmax " 

- h x 5. )°
2
11 [ln{IO)v Jl + •••• ~ (11) 

'+; b."Ii:2 I max , l 
Therefore, the true Integrated Intenslty may be obtalned by plottlng 

, 
A'/cl agalnst In(Io/I[\1 and extrapolatlng to In(10/1)\1 - O. 

max II&X 

Alternatlvely, by deflnlpg a quantlty, ~, euch that' 

equatlon (18) can be more convenlently exprea8ed~as 

A' 
A·~.cl -(19) 

By. tabulating values of ; for varlous values of ln(lo/l)\1 ,it 1s 
, II&X 

th en possible.to determlne the true Integrated absorption lntenalty 
c 

fr~m a single measllrement of the apparent lntegrated ab~rptlon 
, ~ , 

"lntens1ty by lIleans of equation (19) • 

• The extrapolations and _ values depend entlrely on the aaauaption 

of a Lorentzi.n function for the true lband ahape, but they are ind.pen-

dent of the slit function. Likewiae,the wing correction. provlded bl . ' 

, Ramsay for ,this lIethod depend Jl&lnly on a. Lorentsian band, ho"ver, 

they also depend to • very sl1ght extent on the alit lunetlon .. wel1. 

.' 
':1'1 
:~ , c, ,.,.. 

': 

" 
': 

. . 
.' 

'0' . ' 
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b. 1l:xtenalon o. the Wilson-\lells Ext 
1 . 

ASIWl\lns a Lorent~lan f01'lll for the band. ahape, and a tri-

angular sUt function,. Ramsay oalculated, for a flxed value of ;/âvl 
(the ratio of the spectral slit width to the true half-lntenalty band 

\ 

wldth);'a~rlea of tru~ band shapes for se veral values of the true 

peak optical densi ty. He then JIIeasured the areas under the correapond1nc 

apparent absorption curves and plotted the ratios 

, , 

[lbandln(To/T)vdV] / [lband1n(IoII'vdV] 
. - -

agalnst the apparenl pëak~optlcal dena~tles. ln(To/T)v • The plota 
, max 
\ . 

he ob~ined were very nearly, linear and h~ a alight negative slo~, Q. 

\. -It follows that, by tabulatlng vafues of Q for a range of a/àVt 

betwoon 0.1 and 1.0, the true integrated intenaity of an absorption band 
t'..I 

can be obt&lned by plotting the apparent "integrated absorption intenalty 

measured at severd' differont conce~trat1ona or path lengths apinst . , 

the apparent peak optical denaity and determlnlng the beat stralght 

Une wl th intercept A and slope AQ. 'Ramsay felt thla proced~ of 
:> 

determinlng the intercept, A, was ~ore ,a~curate than the Wllson-Wella 
1 

~xtrapolat~n based on the method of lea\~-squares. alnee the l_tter 
~ .~ 

method Is dependent on measurementa of w~ak banda where eXperi_nta! 

errora are apt to be large, 
. 

":O~e ~ntage of the Q tabula'tlona la tOat It la ~so possible 

to determlne i~e true Integrated absorption Intensity froa a ainsle 

measurement Qf the apparent Integrated absorption lntenalty by ..ana 
, 

of the relation 

t 
B • A + AQ °ln(To~)"MX (20) 

------ --------.J 

o , 
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The 9 values, and henoe the elopee of ~he extrapolation., d~nd 

on the ""ulllption 01' a Lor.ntzian function t'Or th. true band 'lhape and ' 

on a triangular altt funotlon. The wing correctione provlded by Raa8&J 

for this.method a180 depend on thes8 two assumptions. 

c. ~lethod for Partially Overlapplng Band System$ 

Although Ramsay's methods are atill valld for overlapp1ng band .. 
8YStems, the Bl~pes of the extrapolations can no longer be calculated. . . 
Moreover, Ramsay faIt that attempts to ~t extrapolation 11ne8 by the .. . 
method of least-squaros could result i~ considerable error unless a 

large number of observations was carried out. 

H?,,!over, ·in h1a 8tudie8 of 1801at8\\ absorption bands, Ruaay 

found thatothè,trua integtated absorption 1ntenaity of a band differed 

very littl~ from the apparent quantlty, even thou6n the4lpectral alit 

width of ,the spectrop~otometer ~a8 of' the same orde~ as the widths of 
ê 

the absorption bands. He showed that, for a sHt width 8Clual to one .. , 
half the true width of the absorption band, the true lntenalty exceeded 

the 'apparent intensi\y by only ~ 2-JC. APparently the decrease ln peak 

helght produced by the finite slit width ia roughly compensated by an 

1ncrease in hand wldth. . 18 As a general rule, Ramaay and colleaguea 

round that the true lntegrated lntensi ty of an 1801ated absorption band 1 
/ 

J v 

u3ually exceeded the mean of the apparent lntenaity deteralnatlon. 

(/1.e., B V&lUé8 were uaually deterJll1ned at a nUlllber of con~ntrat1on.) , ' 

by~. Sinee they faIt tnat the uncertainty ln the evaluation or the 1 

, extrapolation alope for ovorlapping band ayste •• wa. l1kely to exceed 

thls conaiderablr, they 81mpl~ e.tlmated the true lnt.~.lt1 by addlnc 

2( to the a.an of the apparent lnt.nei ty val~.. ) 
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4. The Russell-Thompson Extrapo.latlon 

Rua.ell aM Thoapaon9 extrapo~t~ ttte apparent lnte~te4 ablOJ'PUoft 

lntenaltie. d~teralned at a nwaber of concentrations or path lencth. to 

zero apparent peak optlcal denslty, 

If 

Lim B • A 

ln(TOL ... 0 
T "III&X 

" 

(21) 

as outlined by Ramsay ln his extension of the Wilson-Wells technique, 
~ 

h01lever, they evaluated the alope of the extrapolat1on by the .. thod of 
o 

least-sq'uares 'instead of fltting 1t to Ralllsay's predeteralned e ytllues. 

(dependent on the aeeumptlon'of a Lorentzlan function for the true band 
~~, 4' 

) shapè and on a triangular elit function), and they oaltted Raaaay's 1Ilng 

corrections (also dependent on a Lorentz1an functlon). 50,". waa the 

case for the \fll80n-'lJells èxtrapolation, the Ruasell-Thoapaon technique 

1s lndependent of any aasumption regardlng the true band shape, but lt 
" ~ 

ls quite sensitive to measurements at dll~te concentrations. MOMeyer, 
-

lf a fair number of concentrations are aeaaured, th. resultl~.rror 

should not be too serious. 
, , 

\ D Several studies of integrated lntenaities by the Ruaaell-ThollPlIOn 

techl'llque9 ,20,21 have shown that the extrapolation la e8eentlal~1 l1near 

and,that, if ~erforaed for several series or .... ure .. nt • .ad. at 

dlfferent sllt wldths, It converses to a re&80nably constant value for 

the true lntegrated absorption lntena1ty. . An Intereatlng observation 

16 that the slope of the Rusnll-Thoapaon extrapolA\lon 1. larger than 

that predleted by Raaaay.9,20,21 

• 1 
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5. C?OlIIpar~80n of Methods 
1 

The W11eon-W.lla extrapolat1on of B value. Prt.~nt. certain adv."~. 

ovar the Bourg1n extrapolation of A' values. 

(1) the extrapolation of B a.s Il. function of cl 18 approx1u.tely 

(11) 

11near, especially lf the band is w!de enough, whl1. that 

of *"16 a shallow curve, 

sinee A' ls !ndependent of the resolvlng power and B Is 
'\ 

not, the use of a spectrophotometer wlth greater resolving 

power will asslet the extrapolation of B but not of A', 

For these two reasons. the t111son-Wells extrapolation of B values 1& lIlore 

precise than the Bourgin extrapolation of A' values, However, an important l 
weakness common to both extrapolation procedures ls that they are quite 

sensitive to measurements al smaii concentrations or path lengths where 

exper1IDental errera ln determlnlng band areas are Apt to be large. In 

order to obtain satisfactory extrapolations, me&suremenls at & considerable 

nwaber of concentrations a.re necessary. 

The most serious limitation of the RamEBy procedures ls their 

dependence on a Lorentz!an function for the true band ahape. Although 
~ 

absolute Integrated Intensltles obtalned by R&msay's methods are dependant 

on a Lorentzlan function on1y to 'the ~xtent of the ving correction and 

the slops of the oxtrapolation, both of whleh are fairly small quantlt1 ••• 
'" ' 

the Lorentzian dependenee My reauit ln s1gnif1cant error, aine. 1 t ha. 

been shown that the assumptlon of a Lorentzlan fora for the true band 

shape of an 1nfrared absorption band 1. uncertain and ofte.n produce. 

10 19 ...8 __ unsatiafactory results.' Sinee the Wilson-Wells and nuasell-Thoapaon 

procedures are" .1....ndepernent of any asswapt10n regard1ng the true band 
r\ 1 ~ • 

/ l' , 

:. 

, 
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aha.p. (1." •• they do- not. ut,llb. wlnl correct.iona ln .valuat1nl th. aHa 
1 

un4.~ an abaorptlon band, .nd,thlY analy •• th •• lop •• or \hl .xt.~pol.'l.n, 

by th ••• thod of 1 •• lt-Iqua.t.a lnat.ad of nt.tins th. ,lope. to pn4.t.r

.1ned values de pendant on Rome a08umptlon for th. t.ru. band ahapt), lt 

1. fol t t.htl~ the '411&on .. W.11. and Rua •• ll-Thompaon extrapolation. are 

aomewhat moro rellablo for ovalUAtlng the tru. lnt.grattd lnttnalty or 

'An Infrared absorption band thlln the Ramaa.y procedurea, 

~o, ~,en' thou«h the W11eon-We11a and Rua.all-Thomp.on teohniqu •• 

are 8onaltlve)to meA8urements at dl1ut8 concentrationa, ii 1 •• xpecttd 

thl1t Ilny error reoultlng from ualng the l,.at-aqua.rel ttchniqu. ln 

evalun.t.1.ng th.., ext.rApolation dope (a.pecb.lly if lIlea.ur,monta at a 

consldorablo number of concentrationa Art u.e<! ln the lnttnalty plot) 

will be 10GB thAn th. error lncurred ln utUb1n,; Ra,I&Y' •• and _ valu.a \ 

whlch were ,dehrmlned "asUJ1l1ng a Lorenhlan, funetlon for tht trut band. 

8hapa. Llkew1ae, Binee the procedure. for datermln!ng Ramuy' s wlnS , ' 

corrections are quit. Imprecl •• ,19 partloularly ln the ca •• of overlapplng 

lllUlds, any error made i~ pr.ta.rhns th. appArent lnttna1 ty valu •• ln the 

'Wilson-Welle and Ruaaell-Thompaon procedure. le probably 1 ••• than that 

incurred ln the Rall\8A.y methoda by "polylng "log correotion •• 

I!m.yvor, -an important ad v&ntalJe of RAmaay ta prooedure. over th. 
• 

Wl180n-~.118 and Ruaaell·Tholllp.on extrapolations 1. that lt la po •• ible 

by maans of Ramaay1a CAlculated ~ and • valu •• to •• tlaat. the tru. 

lntegrated, 1nt.n81ty from" .1ngle,lIIealurement of the Apparent lnte,rattd 

ab.Orptlon lnt.naUy. Th.nfore, wh an a q,ulck •• tl_t. of th. trut 

lntegrated lnttnalty la requlred, Raaaay'a •• thoda art conv.nlint 

, 

"', 
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As rar a. a co.parlaon or th. Wn.on-V.lla and Ru ... l:(-ThOlÇton 
" ' 

procedure. 1. conoerned. no &4vantage o~ one techn1,u. ov.~ th. oth.~ 

llAy b. delllonstrated b.cauae or th.ii al.tarit1... (1) th. natun'ot 
t 

the extrapolatlon. Li .•.• appar.nt lntegrated lntenalty ae a functlon 

oC concentra~lon (Wilson-Wella) or'ap?&rent peak optlcal de081ty 

(Russell-Tho.paon)] aa long a. the lnt.nalty •• aeure •• nta are t&ktn 
Q . 

over a concentration range ln which the 13eer' e-lA" plot. are 11near, 1 

(2) fteedoa rro. any a.auaptlona regardlng th. true bana shape, C) 
analya1s of extrapolation .lope. by the m.th~ of least-sqUAres, and 

f . 
(4) om1a810n of wln~ correction •• So the two procedure. "ere cone14.red 

to b, equlvalent. 
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Chapter 2 

BONDIJ,lG IN METAL CARBONYLS 

, 

l'~olecular Orbita.l Description of the Bonding 

Before consldering the infrared intensitles of the carbonJl atretch-

ing vibrations in metal carbonyl complexés, It Is necessary to briefly 

de scribe the bonding between a terminal carbonyl group ,and a transitlon 

metal atom and to conslder the sensitivlty of the H-O-O bond towards 

replacement of other carbonyl groups ln the aolecule by different 

ligands. A moiecular orbital description of the bondlng between a ter-

minaI Cl) group and a transi tion-metai atom Is presented ln several 

22-24 texts: a simplified verslon of the bonding Is sufflclent for present 

purposes. 

In the carbon motloxide molecule, the bonding Is represented by a 

a system, conslstlng of a f111ed o-bondlng orbital and two o-nonbonding 

10ne pairs: and a TI system, comprlsed of two autually perpendlcular 

filled n-bonding orbitals and the correspondlng unfl1l~ n·-antlbonding 

orbitaIs (t;'lgure 2-1). When co-ordlnated to a etaI atoll, the less 

electronegatlve atom of the CO group, carbon, donates lone-pair electron 

denslty to a o-orlented metal orbl~l. However, ainee It ls apparent 

from the general chemlstry of carbon IIOnoxide that the donor propertlea, 

of carbon monoxlde are very sl1ght (1.e., CO foraa ~ weak COIIplex w1th 

BH) and no compounds wl th .etala ln whlch there are no d .l.ctron. far -.~ 

back bOndlng), It la bel1eved that addltlonal n bondlng llakea a 

slgnlficant contrlbution te the aol.~ atabl11ty. .Var10~ 

11 
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l' -~ 1 
" 1 + \ + \" 1 - -, 

\ 
(\ '-;)/"/ + 1 \ 
\.. ' ..... ' " .,/ 

C -c-o - -." 
",..-- -----. 

/ ) 
\. + \ - ",,< 'r.v 

P7r fmed P" empty P .. • antlbOftcUne .. Orbitai orbitai orblta'e 

Figure 2-1. Molecul.a.r Orbital Description of the Bondlng ln Olrbon 
• !".onoxlde • 

• 
F. A. Cotton and Co Wllkln80n. "Advancecl lnorp.n1c 0Mta1&tl'J." )z4 

ed., Intersdance Publ1ahers. Inc •• New York. Il. Y •• 1972. p 68S • 
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orbita' 0 "blta' 

SVSTl!M 

Figure 2-2. Molecular Orbital n.lcrlptlon or the nondlnc ln Tranlltlo~
• Metal Carbonyla • 

• F. A. Cotton and. C. Wilklnlon, ) ··Advanaed. Inorpn10 O\e.11tl7." 3z4 
ad, Interlcl.nee PUbliaher •• Ino •• , New York. N~ Y •• 1972. p 685 • 
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Ixptr\/IIttnt.al teohnique. (x-ray or.Ylta'UoSX'aphy, 1nfrand IpeoUoloopy, 

eta •• ) provlde phyaloal tvidtnoe for th. double bond ahl"''-' .r lh. 

M~r. hond. 

To eummAri". thon. t.ht Clel.nUilla of t.h. bondinl b.t.w.en a t.trminal 
\ ' 

(:0 Itroup Ilnd Il trllnaH i ol'1 .. motal .. t.om are. 

(1) 0 donA t.1on rram tho unehlLrftd pll1,r of ol.oiront on oarbon 

ta Alt unrnlod 0 orbitA,t on tl~ metal, 

(2) 11 bnok-dormtlon of eléetronD from the dn orbitale on 

th~ m«tb,l to the ftlllpty p".-A.nt1~ond1 ng orbi tala on th. 

00 p:roup. 

Thun, tho two compoMnta of tha metal-carbon bond oompllm.nt ont .. nothtr 

ln t.hn lense thllt oharRo 11 eh1fted in oppodtt direoUon. ln th. t.wo 

bonti oyat.m." Tl bondi n~ hAl th., ofCtct of 1nduc1ng ItUl atronger a-bond. 

lntornctl'on llt'ltwoon r. Anet. M and viee var .... 

A plctorntde.crlpt1on of the pondlng la pre.ented ln ~1sure 2-2. 

'·'or pré.tnt purpO"IS. the M-C-O akeltton wUl be oona1dei'ed lln.ar 

... • ( 0) beelluso, III though BiliA 11 dev1at1onn Crom UnearHy rart1y mort than S 

orien .. ocur, thoy are not aufflo1ently large t.o offeot pre.ent boncUn, 

t 
4,25 nrp;umen G. 

, 

Vlhr~tlonAl Stretchlns D1stortlon or the CO Bond 

Stret.ch1ng the bond of a oo-ord1nated CX) group wl11 l.ad to a chanp 

ln eleetron denalty wlth1" the M-C-O bondlng ayatem. caloulation. ua1", 
1 

Slator atomie orbital. lndloate that relailv.ly little ohanp ln 0-

eleoiron densliy ooeurs during a am.ll vlbration-of carbon œonoxid •• 

but tht.t t.t)!tre are qu1 te larp ohangee ln th. Tl-Il_oiron dlna1 t)'. 4.26 
'~""-,...-", 

Ii would ..... therefore. that n-bond1ng erf_ot. wlthln>. bound vlb~t1nc 

00 group probably predoillnate. 
\ 

, ' 
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The relativé'ohl\r~e dena1t:\.a on the .tollla ln a oo-oru1.nated CO 

«roul' appear to be ~- a-.O~+. Thuat a vlbnLUonal .trttchlng cu.to"ruon 

mo.t probably le3d. ta a tran.rer or eleotron den.lty 0-.0. 25 If th!. 

C-+O electron ~~n8ftr oeoura and 1. l:oated ln the ~ ayatem, then, a. 
the 00 bond 1. ).tretohed, the .. rnpty pn orhitala will be inorea.in«ly 

lowered ln oner~ and w11.1 10c&1111. more I\n4 more on the oarbon at.om. 

The expocted HBult would be tnhanced M .... C 4n-eleotron donation. 4 Tht 

converse of the ahove argument la al.o u.eful, 1 •••• that M-+C dn-

olectron donaUon should enhl\nae c ... O pTt·el.otron tran.fer. 

1t would "ppear then that th. flow of ehatron. C"'O 1n th. n ayat •• 

of t.he CO Fa"oup dur1.ng " 00 vlbratlona.l 8tret.ohlng dhtortion Anould 

serv" A8 I1n 1 nJlcaUon of the aVllllabllity of the rnetal dn-electron 

d''ne1ty. rho dirol. momant chanp;. crel1ttd hy thia cha.rge tranafer w111 
> 

be reflocte<l, ln the frequencha and ln the 1.ntena1t1e. of the 00 atrltoh-

In~ absorptl ons of meta.l oarbonyl complexee. HancI, tha foreR01ng 

ar~me"h My he uaefully 8.ppl1ed. to a d haueaion of the affaota of 

8ubst HuHon of. 00 ttt'OUtll'l 1n ",.tal carbonyl complexea by other 11gand •• 

If a 00 ~roUl) 1 n ft. metal C'A.rbonyl complex le replaced by a ligand ,b 

of greater o-donor hut poorer "-acceptor abll1ty, t.he .rr.ctive nucl ... r 

charge of the motal atom will decna.a, provldlng a greatlr aMount. of 

"-elaêtron donaity for donation to the n. orb1tale of the ramain1n, CO 

l1f\tlnds. The rtsultant incHaae ln the C ... O n-alectron tran.fer durlft1 
" 

a OJ bond atretchlng v1bration and. conaequent weakening of th. 00 bond. ' 

.hould nsul t ln clecreaud OO-frequ.ncl •• and enhanced 00-lntenal ti.a 

relat1ve to tho •• of t.he parent co.plax. 

Converaely, replace.ent of a 00 group ln a .etal oarbonyl co.pl.x 

wlth a hl8hly eleotronesatlve 8lOuP •• ~ch· .. a halosen ato., will 11&4 

" 
" , 

<, , . 



, , 

, 
,~, 

to an lncnaMCl .tt.o~l" nuclear ot\aI'p On tM .... ~ .. toa, 1hi. ln 
.,. . 

tun vl11 lied to .. 'eonue ln "-eleoiTOn u., ... te~ to \ft. re.&ni"" 

Q) 8I'Ou1). durlnc a ex) bord- .\ntahl", vibration ancl, heno. io a etnnct,h-, , 

en1 ft« of tho Cl) bonll. Th. expeoted re.ul t fol" auoh .. eub.tl tutlon WO\l14' 

thtrtrore 'b. lnOrHH4 00 fr.aquonol •• and d.o~M4 (X) lnt.nll tle. 

relative to th. parent ooapi.~.4 
o • 

Tho fOrlRQln« dlloua.lon will b. uled a. a ba.l. for a.turth.r . , 

lnv •• tl8Rtton of th. 0- and n-bondi", abilltl •• or variou. 11,anda ln 

IIUb.Ututed •• tal carboI\11 •• alnae "placoMnt or a (X) croup by a IIp.n4 
, l ' 

of d\rr~rlnR o~donor ~nd n-aootptol" abllity will be refléote4 ln a ohance 

ln OO-lntenalty rolative to that of tha partnt co.pl ••• 
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PREPARATION MrrUOœ 

PhY810al MI&IUroment. 

Olrbon and hydrogen Mlcroanaly ••• wlre parforae4 by thl Schwarakopf 

MlcroAnalytloal La bOrA tory , Wood.ide, New York, IXQlpt for thl analYlla 
• 

of j~ -trloarbonyltrla(ohlorodlphlnylpholphlnl)aolybdlnua(O) wh10h waa 

done b Mr. N •. 1. Goville ln t.he OIpartllllr'lt of Che.let.ry, McOUl 

Uni VM'u t.y, on Il model 185 lIawllt t· Paokard carbon-hydro«.n-nl tropn. ana-

ly~8r equ11lped with 8. Ctlhn ratio electrobalànce. lIIode1 G. ancl a' 

I.oneywell recorder. Phoftphoruo and halog~ IIloroanaly.e. were œrrltd 

out by SChwR.rzkopf. 

~~ltln~ polnta MerG taken ln unae.1ld capillaril' on à e&llenkaap 

moltln~ point APpar~tul de.1gn nUftblr 88q))9 and are uncorreott4. A 

ZelliB Opton ~lr1211)) Abb.· refractomet.er wlLa ueed for nfraotlvi indlx 

menaurement.. Values are reported for th. D I1ne of the eplotrua or 

80d1um, thn tempert.ture of dettmlnat10n ",a. 200
• Infrarecl aplotra Mere 

r.corded ln the metai carbonyl .tntchlng nglon (2200-1800 0.-1 ) on a 

model ))7 Perkln Elmer double-be&m gratlng ap.ctrophot.o.eter. 

Material. 

, Alfa Inorp;an1.c8. Peverly. Ma .... ehu •• tt. ••• _ t.h. lOurce or .aIt. 

h.~oarbonyltun~.t.n(o), decaoarboft11dlaanl&ne •• (O). n-aycloplntadllnJ1-

tr1c't.loroPhoIPhlnl. dlchloroPh.n/1Phoaphlne. and chlorocUphenylphoaphlM. 
" 

2) 

) 

+ 
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.. 

• 
n Trlphenylphosphlne. trlphenylarslne, trlphenylatlblne, a.ycloheptatriene 

and ~lcyQlo(2.2.1]hept.dlene vere obtalned tro. the Al4rloh ObtalOal 

Company, Milwaukee, WlacOn~in. n-~clopentadlenyldlcarbonylthlo0arb0nyl

mangan~se(I) was generously provlded by Kr. A. E. Fenater27 of the 

Dapartment of Che~istry, McGill University. 

A ~ C American èhem1cals" Ville st-Laurent, Quebec, aupplled the 

o common solventst n-hexane, benzene, methylenechloride, chlorofora and - .\ 

carbon tetracnlorlde. The ramaining reag.nts were purchased froll varloua 

companieSI acetonltrlle from Brickman an~'Company, Montreal, Quebeci 

mesitylene from the J. T. Baker Chemical Company, Phl111psburg, New 

Jersey 1 methyloyclohexane from Eastman OrRan1c Chemicala, Rocheater, 

New York; and bromlne and petr~leUJII ether (bp 30-60°) rro .. Anache .. ia 

Chemicals, Montreal, Quebec. 

lIexacarb~~ylchromlum(O )[er( CO )6J 
The white, crystall1ne solld waa purlfled by subllaation (50%.1 

mm Hg), mp 150-15)°; lit. 28a,29 152-15)°, 154-155°, 152-155°, 151-152°. 

n-Cyclopent&dienylmanganese(I} Complexes 
) 

t. n-Cyclopentadienyltr1carbonylaanganese(I) (n-CS",Mn(OD)J] 

Purification of the yelloM cr,yatals was accollpliahed by aubllll&tion 

(50%.1 mn Hg), mp 7)-77°. lit. 28b ,30a 76.8-77.1°, 77°. 

, 
, , 

• 

l " 

2. n-Methylcyclopentadienyltrlcarbonylmanganese(I) [(n-CH,CSH4)Mn(OO»)) 
) 

The yellow l1quid MaS used &8 recelved, n20D 1.,862, 11t. 28c.,Ob 
1.5868. Further purification vas d,..ed unnea.aaary • 

. ' 
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1 J. n-Cyclopentadlenyldlearbonylth1ocarbonylmanganeae(I) [n-C5"SMn(OO)2r.s] 
" 

The yellow. crystall!ne 8011d was sUbltMad (45%.1 .. Hg) before 

use, o 21 0 mp 52-54 J 11 t. 52 .. 53. 

Grouo VI Metal-Olorin C&rbonyl! . 

1. ~carbOnYlCyclohePtatrleneChromlum(O) [~7H8Cr(00)JJ 

. Ji 
C
7

HaGr( 00)3 W88 prepared accordlng to King' B lIIethod by refluxlng 

hexacarbonylchromlum(O) (4.4 g, 20 mmol) and eXC88S cycloheptatrlene 

(5 ml, 4.0 (1:, 44 mmoÏ) ln 8cetonitrile (50 ml). The reBulting rad arys

taIs were purified by sublimation (1000 /0.1 mm Hg), mp 126-1280 dec, 

11t. 2Ad ,J1-JJ 128-130° dec, 129-130°, after havlng flrat subIl.ed out 

(70° /0.1 mm pp') any unreacted hexacarbonylchromium(9). 

( 

2 ~ ~C'..arhonylbl C'yC'lo[2. 2.1 \hf'lptn.-2, 5-dlenechromium(0) 

L~-r.?H8r.r( co )4J , 

nor-~7118r.r( r.o \ was prepared by refluxlng hexacarbonylchroll1~WI(O) 

(5.0 R, 23 mmol) and excess biC'ycloheptadlene (8 ml, 7.) g, 79 "01) ln 

methylcyclohexane (40 ml), as descrlbed u~eviou81y ln the ~lterature.28e,)4 

purification of the yellow, crystalline product was accolllpllshed by sub-
" 

l1mllt1on (80%'.1 mm Hg). Inp 91-93°, l1t. 28e ,J4 92-93°, after havlnR flrat 

subllmed out (60%.1 mm Hg) any unreacted hexacarbonylchroNlua(O). 

3. Tr1carbonylcycloheptatrlenemolybdenum(O) l~H8MO(CO)jJ 

The reported orocedure28r
,)2 for pre?ar!n~ C

7
H8MO(OO)) by refluxlnR 
o 

hexacarbonylmolybdenum(O) (26.4 g, 0.1 mol) and eXC8sa cycloheptatriene 

(50 ml, 40.3 (l;, 0.44 mol) ln methylcyclohexane (200 al) Ra eaployecl. 

The re8ul~lng red cryata18 were drled (50%.1 •• 'flg) for 12 br to 

'. 

. 
• 
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/' 
remove Any unreaeteà hexacarbonylmolybdenua(O) or other volat1le 1.pu-

o , 

rlUe •• and. "'.n aubl1.ect (100% .1 _ lta) 'beton "'H, ., 98-102°. 
1 

Ut. 2Sf,32,35,36 100.5-101.5°, 100°. Anal. Calod for C
tO

HS04Moa 

C, 44.11 H, 3.0, Mo, 35.3. Pound. c, 44.4. H, 3.1. Mo, 35.2. 

4. Tetracarbonylbicyclol2.2.t]hepta*2,5-dlenemolybdenua(O) 

l~-C7H8Mo(m)4J 

~-C7118HO(ro)4 Mas prepared aecordlng to the publlehed aethod.28f,)4 

by refluxlng hexacarbonylmolybdenum(O) (26.4 g, 0.2 .al) and exces. 

blcycloheptadiene (40 ml. )6.0 g. '0.4 mol) in aethylcyelohexane (200 al). 

The resultlng yelloM crystals Mere purlfied by 8ubll.atlon (100%.1 .. HI), 

m~ 76-78°, lit. 28f .)J,34 77-78°. 76:77°, .tter having flrst aubllaed out 

(60%.1 mm Hg) any unreacted hexacarbonYlmolybdenum(O). 

5. ~-rr1carbonyltr1s('acetonitrlle)tungsten(O) [(CHJCt?3V(OO)3] 

The publlshed methodJ?·)8 for preparlng (CHJCN)3W(CO)3 by refluxlng 
~ 

hexacarbonyltungsten(O) (7.0 g. 20 Mmol) ln aetonltrl1e (;0 al) was uaed. 

Purification of the yelloM, crystall!ne product ... not atte.ptedc the 
, " , 

'" ) .. _J 

crude fora Mas adequate for subsequent reaet10n with the~leflns. 

) 6. ~r1carbonylcycloheptatrlenetung8ten(O) l~H8W(OO)3] 

C7HeW(OO») MaS ~repared by refluxi~ fac-trlcarbonyltrla(aceton1tr11e)-
,-

tungsten(O) (1.2 g. ) Mmol) and e~ce8s oycloheptatrierye (2 al, 1.6 g, 18 

J8 1 

.mol) in !!-hexane (50 11'11) a8 descr1bed prev10usly 1n the lit.rature. 
, 

The reaultlng rad crrstala wer, purlf1ed br aubli .. tlon (100%.1 .. HI), 

ap 114-118°, l1t. 38-41 11,5-t2to. dec, 117-118°, 110~6fafter"·~Y1nc tint 
1 

aubl1Md out (100 /0.1 _ Hg) Any hexa.earbonyltun6sten(O) pre .. ~t: 



: .• 
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7. Têtraoarbonylblcyclo[2.2.1)nepta-2,5-dlenetuna_ien'0) 

~:zK6W(OO)4] 

The proced.ure)8 for pr.paring E2!:-~H8"'(OO)4 wall the salle ail th. 

one used for the preparatlon of C?H8W(OO») except that bloyoloheptadlene 

waa substltuted for the cycloheptatrlene. PurlflC&tlon of ~he yellow, 
1 
1 

crystalllne product W&S accompllahed &S outllned above for .the 

cycloh.ptatr~en. ~lO~ •• mp 

p.olYbdenum-PhosPhlne~rbOnlla 
88-91°. 11t. 38 ,39 90-920~ 

t. Trtcarbonylaesltylenemolybdenum(O) [[l,3,5-(C~J)JC6HJ]MO(OO)J~ 

Th~ pubUshed method42 ,4J for preparlng,[l,J,5-(CHJ)JC6H3)o(OO)J 

by refluxlng hexacarbonylmolybdenum(O) (4.0 g, 0.015 mol) ln.excella 

mesltylene (20 ml, 17 s, 0.14 mol) wall used. The Infrared spectrum of 
'\ 

the yellow, crystalline product wa.s identlcal to that reported prtt,.vl-

ouSly4) ~o~ ll,~,5-(CH3)JC~H3jMo(OO)3' No attempt w&s .ade to purlfy 

the producta the crude-fo:m was adequate for subsequent reactlon wlth 

the phosphlnes. 

2. fae-Trlcarbonyltrls(trlchlorophosphlne)molybdenua(O) 

~-MO(CO»)(PClî)JJ 

fac-Ho( 00 »"(PCl)) was prepared by heatlng trlcarbonyleyclo- "r 

heptatrlenelllOlybden~(O) (1.2 g, 0.002 aol) and exce.1I trlchlorophollphlne 
,. , - 44 

(20 al, 0.2) .al), &S deacrlbed p~evloualy ln the literature. The 

reaultlng yellow crystal. vere purlfled by raorystalllzatlon froa petre

ieua ether' (bp )0_60°), ap 82-850 deo, lit. 44 850 deo. Anal. C&lcd for 
, -

1 

C)p)o)Cl9Mo1 G, 6.1. Cl, 5).9. P, 15.7. FOund. C, 6.1J Cl, 5).), P, lS.6, 

, , . 
! ....... "1 !J"""~~"i.'::t:.f -1": 

.. ~ 
'~ 

i· ), 
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). fâc-Trlcarbonyltr1s(dichlorophenylphosphlne)molybdenum(0) 

~MO(CO»)[P(C6"5~Cl211J 

The procedure for preparlng fac-Mo(CO»)[P(C6"5)C12~ vas analogoUB 

t~' that of Pollblanc and Aigorgne45 for preparin~ fac-Mo(OO):3P(C6"S»). 

Tricarbonylmesi tylenemolYbdemll'll( 0) . (0.:3 g, 1 mmol) and exC8SS dlchloro

phenylphosphine (1.0 ml, 1.3 ~, 7 mmol) vere d1ssolved ln benzene and 

allowed to stand for :3 hr under n1trogen. The solut10n was then evapo

rated to dryness and the residue extracted with petroleum ethe~ (bp )0-
, 

o' 44 60 ) (4 x 50 ml), as outl1ned by Abel, Bennett and Wilkinson. 
r:JI , 

~ilterlng, concentratlng (50 ml) and cooling (_780) the extract depos1ted 

yellow crystals. After filtration, wash1ng wit~ pétroleum ether (40 x 
~o 

25 ml) and drying (25 /0.1 mm Hg), the crystals were rdentifled as 

44 ~-~lo( 00 )J[P(C6H
5

)C121
J 

by a comparatlvf, inf;rared spectrum, mp 

o 44 6 0 11S-11? decJ lit. 10 -110 dec. 1 

4. ~-Tr~carbOnYltrls(chlorodiPhenYlPhOSPhlne'mOlYbden~ 

~-Mo(OO):3[P(r.6H5)2Cl13J 

The preparation of fac-Mo(CO»)[P(C6H5'2C1]) vas analogous to P01lblanc 
4 . 

and Bigorgne's 5 DI't'parat10n of fac-Mo(CO)3P(r.6H
S

)3. A solutron of 

trlcarbonylmestitylenemolybdenum(O)· (0.3 g, 1 mmoI) and excess chloro

d1phenylphosphine (1.0 ml, 1.2 g, 5 mmol) in benzene was allowed to stand 

for 3 hr 'Inder nltrogen, durlng whlch time yellow cry.tala depoalted. 

Filtration, washlng wlth benzen~ (4 x 20 ml) and dry1ng (250/0.1 Dm ,Hg)44 

o l.J4 480 ylelded the deslred product, ap 15~157 deci lit. 1 deç.~. 



Manganeee-Mlx~-Llgand carbonyls. 
i , 

1. Bromopentacarbonylaanganoae(I} [Mn(OO)SBr] • 

Mn(OO)SBr was prepared by react1ng bromlne (1.) .1, J.? !; 2) mol) 

vith decacarbonyldlmanganese(O) (6.9 g, 18 mol) ln carbon tetrachlorlde , ' 

28g 46 (100 ml), as descrlbed prevlously ln the l1terature. ' "l'he reaulting , 

yellov-orange crystals vere Ident~led by a comparative ~nfrared 
28g 46 f 0 

spectI'\.1lft ' and vere purlf1ed by Bu~11111&t1on (60 /0.1 ~m Hg) • 

... 
2. cls-Brolftotetracarbonyl(trlphenylphosphine)manga.nese(I r 1 

- 1 

~-~.n(OO)4~p(C6H5») lsrJ 

Cls-Mn(CO)4[p(C6H5)JY3r W8S prepared accordlhg to Angelte! and 
, 47 

Basolo's method by react!ng bromopentacarbonylmanganese(I) (0.54 s, 

2 mmo1) and triphenylphosphlne (0.53 g, 2 m.o~) ln chloroform (25 ml) 

o st 40. The orange-yellov product vas recrystall1zed from n-hexane by 
, 

dissolution at 1'Oom temperature and reerystall1zation at dry-Ice tem

perature, mp 1)00
• The Infrared spectrum 18 Identical to that reported 

, , 

- prevlously47 for cls-Mn(CO)4[p(C6HS)3lBr. Anal: Calcd for ~2H15P04BrMnl 
C, 51.91 Il,' 3.0. Foundt C, 52. li' ,H. J.O. -

J. ~-Hronotetracarbonyl(trlphenylarsine)manganeae(I) 

G:!.!-Mn( 00 >,JAS( C6J!~}J)r J 

The proçedure for preparlng and purlfying .=!!-Mn(oo)z!:A6(% ~ ~]sr 

vas slml1ar to that used for the preparation of ~-Mn(OO)4[P{e6H5)3Jor. 

IdentlflC&t~on of the trlphenylaralne product (.p ~)O-1)4°) vaa eont1raed 
. 4 

by a eOQP~tlve infrared apectrua. 7 Anal. C&lcd for Cz2"lSAI04BrKn. 

Ct 47.8. H, 2.7. Founda C, 47.8, H, ).0. 

\ ' 

. " , ,. , 

" j 
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4. cla.BroMOtetracarbonyl(tr1pheny1st1bine)aansa~88(I) 

" C!!!-Mn(CO)4[Sb(C6H,),)Br] 

cl •• Mn(OO)4[Sb(C6HS)3)ar na al80 prepe.red and purifiee! a~ns · 
, . 

to the method described aboYa for the t%1phenJlph~sph1~ analosue. ~ 131-
1 • 

1)4°. A com~t1ve 1nf~red spectrUa47 waa used for 1dentification 

purposes. ~. Calod for. ~2H15Sb04BrMnl C, 44.0. H. 2.5. Br, 1).). 

Found, C, 44.31 H, 2.6, Br, 14.2. 

, 

\ , 

\ 
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• 
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Olapter 4 

INTENSITY MEASUREMENTS 

Instrumentatlon 

'Infrared. spectra vere recorded on a Perkln-Elaer aodel ))1 double

beam gratlng spectrophotometer equipped wlth a 10-aln llhear traqueney 

scan (4000-1200 cm-l, 1.é., a recordlng rate of 40 ca -1 II1.n-1 ), and a 

variable slU program (10 settlngs ranging froa narrower than noxwal for 

hlgh resolutlon saane to vlde sllt operation Where hlgh energy ls re-
• 

48 ' 
qulred). The spectral sllt vldth ln the aetal ca.rbonyl 00 atretchln«' 

region (~200-1800 cm-1) ranged fra. 3.21 CII-
1 at 2200 ca-~ 2.55 ca-t 

-1 at 1800 cm a for the Jl&ng&ne8e thiocarbonyl œ stretchlng absolJ'tlon, 
1 p t 

1264, cm - • it ws equal to 2.14 ClQ- (Appendlx B). 

• A Texas Instruments Servo/RUer II recorder, and later a Sargent-

Welch model SRLG recorder. vas installed to expand the frequencr scal. 

(286 cm -1 inch -1) of the standard chart paper. As auch frequencr aœle 

expansion as possible vas elllployed becauae of the narroVn8as of the Mtal 

carbonyl peaks. On the Texas Instruments recorder, aa.x1aua expana10n 
~ . 

-1 -1 corresponde<! to a ct1art paper frequency scale of 5 ca Inch 1 on the 

Sargent-Welch instruaent, it vas equivalent to a cbart paper trequenC,1 . " 

. -1 -1 L, 08 -1 sealb of 8 cm . inch • The carbon aonoxide absorption at 21 ... 1. CIl 

and. the polystyrene peak at 1601.4 ca-1 vere, usecl for œllbratlol1 

purposes. 49 

In ordell to ensure accurate ... 8ureaent.t pzoper attention to 

double-be&ll balanclns. zero t4'&nalaa1on .. tt1ns. ~.tc •• 1 .... nt1al. 

)1 

:::-;;; 
, ' 'f). 

'~, 
~ 

f 
(' .... ,. 

- ~~ 
<.'~ 

~ 
•• . -' 
~ 

" 

., .. 
) 

'~1 
'" "1: 
',~ .... ~;: 
~j 

o ,,_ 

, . 
0' 

~::-J
'<:;<I 

~' .. '"::i~",-4~ 
l '-; ... :::i..;:.. ,*,,~"' ... ~ "'~jJ(~ 



,. - ..... ~,. i ._ .. '"-1... ... ~ ... ~ 
~~r~- '''~''~·'-Tr·i; , :- -:f j"~wm~~!"!!"!"~·~··~~itI~~~~~r~\:?-'"'r-1~1I!iJ!iI_ 

.... 

The employment of narrow allt widths ia also important ln the .ea~ure .. nt 

of th. aharp lIIetal carbonyl ab80rp~ion •• 

Opt1cs 
.,.-

Matched, sealed, standard-type l1quld cella (1 JIIJIl and 0.1 1mB path 

1ength) with NaCl windows were used for aIl meaaurements. Internatlonal , 

Crystal Laboratories (Irvington, New ,Jersey) ca11brated the 1 ma cella 
./' 

by comparison of the benzene absorption doublet peak at ).89 m1atona o 

'" 
wlth that of a known 1 mm cell (prevlously oa11brated againat a 0.2 ma 

cell, the path length.of which had been obt&lned by meana of interference 

fringes bctween 8 and 1) microns). The 0.1 mm cella were oalibrated. prior 

to éach set of lntenslty measurements by means of lnterference fringeaSO ~ 

between 4.8 and 5.2 micronsl the path lengtha were found to be the noainal ' 

values (dotcrmlned by ICL by the lnterference frlnge pattern method fro. 

4.5 to 8 m1crons) ~ 2~ (Appendlx c). 

Samplo Preparatio~ 

In gencral, solutions were prepared from lndlv~ually weighed 

samples, however. for the three manganeae-mlxed-ligand carbonyla, volu-

metric dilution techniques were employed giving reault. which tltted 

~r'8-Law plots for the 1ndividually prepared sample. falrly welle 

The solid material was welghed on a Mettler balance accurate to 

! 0.1 mg, transferred carefully to a 50-ml volUJletric f'1i8l\- and then 

the solution was dlluted accurately to the Mrk ldth aolvent. Whenever 

possible, ~-hexane w&a uaed aa eolvent becauae'ot the optiaua relOlutlon 

of the metal oarbonyl absorption apectra in thl. aolvent. S1 HOMever, 

where 10w aolubillty of the collplex •• ln n-hexane precluded. lta \lM, 

•• thyl.ne ehlor1de (1I01ybdenUlll-phoaphlne oarbol'l1la and aetal-OJcloheptatr1eae 

" 
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'" 
e&rbonyls) or carbon disulphlde [n-cyolopentadlenyldi~bonylthlo~onrl-, 
m&n8anese(I)] W3S 'substltuted. Spectrograde n-hexan., •• thyl.ne ohlor1de 

"1'" 

and carbon dlsulphld. were obta.lned from Fisher Scienti:f'lc Oollpany, Jl'air 

Lawn, New Jersey and were used wlthout further purification. 

Record!n! Procedure 

Spectra were recorded as 800n &S possible after complete dissolution 

of the sample, usua.lly wl thi'n 30 mln. Decompos! tion of the &amples 11&8 

m1nimlzed by us1ng frash solutions protected from 11ght by aluminum foll. 

Generally, decompositlon MaS not extensive enough (usually le •• th~n 1~) 

to affect the intenslty results. 
-

Specïra. were recorded. for at least four, usually rive, different 

concentrations of each sampl.,provldlng a smooth 'distribution of banda 

> > wlth1n the 15 to 65% transmlttanceorange (l.e., 1.89 - ln(To/T)v -
MX 

0.427). This required, sample concentrations ranging froa 0.1 to 15.5 aM • 
. 

The relative error ln the integrated. lntenaltles ls axpected to b. le88 

than 1~ undér these conditions. 52 Four Ind.1vidual recordlngs ",ere taken 

at each concentration and the average values of In(ToIr)v and of the 
Jll&X 

area for each band at each concentrat1on were used in the Intensi ty 

calculations. 

Area Determination 

The area under the absorbance ourve 

, 

JbandlOgl0(To/T)vdV (21) 

wftere T " and T are the apparent lntenaitle. of the ,incident and trana-
r v . 

Mitted radiation whan the spectrophotom.ter la aet at trequenqy v, Maa 

detaralned by two techniques, depend1nl on whlch recorder vaa ln U8fI 

. - ", 

.<0 

) 
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(Appendlx A). The Sargent-Welch 1nltrument pr ... nted th •• pe~trua 1n 

11ne&:' abaorbana.. th1. J)em1tt.ed 4ir.ot. Ivaluat.'1on ot t.h. 1nt.pal ln 

(21) by outUn« out th. band profUe and weilhin, lt. Recordin,. wer. 

mado on Sargont re90rder chart paper oatalog No. 8-72167 and a SartorlUI-
.. 

Werka model AG balance accurate to ! 0.01 mg Mal used for th. wel.Shing •• 

Th~ paper was oallbrated for each apectrum and wal found to be Quite 

unlfom. 

On tho Texas Instruments recorder, a llnoar tranam1ttance apectrum 
. 

Mas obtalned. hero converaion of the experimental absorption band from 

a 11near transmlttancé to a 11near abaorbance ourve necesaarlly preceded 
, 

... 

evaluat10n of the 1ntegral ln (21). Readlngs were taken uaually at ln~ 

mente of about 1/7 the true half-lnyansity band wldth (Append1x B). 

provldlng an a,qll1dhtantly tahull\ted function of 10e10(To/T)v versus v. 
l , 

ll.'valuaUon of the Aren undar the aboorbance curve was then accompl1..h~d 

by U1e app11rAt1on of Simpson's rule. Th1. procedure 1. Quite reliable 
." 

for reaeonably broad\,baÏ1ds. lIowever, for very narrOM banda, . where the 

lncrement8 of the argument values Mere aomltlmea greatar than t the half-

lntenslty,band w1dth, the arrora onoounter&d were aomewhat larger, making 

the procodure les. ueeful 1n the8e caaee. A compar1aon of lntena1ty 

results for cr( (0)6 determlned by the weighlng method land by Simpson 1 ~ 

rule (Table 5-1) affords good ev1dence for the equlval.nce of th. two 

techniques. 
, 

The lntegratlon waa generally yerformed over an lnterval of approx-

lMtely rive tiJl\ea the true half-lntena1ty band width (Appendix B) on 

elther aid. of the band centre, VUJ(! 5~Vt (l.e •• the region froa th. 

barp centre to the i>~nt at whlch the absorption appearecl complete). 

The area under the lO'1vent background curve wa.a aubt.:r:actecl. but no 

\ 
• .' .'. ~ .. ".. _ ~ . \"" J. 
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correct1on for the area uncl.r the wlnga .a appl1ed .lnee the M1ne ~a- r 

Ue,,, Mtt~l"lICl by ... .,a ...... M ., ~1~ 1 ..... t., tJ\e an...,. CO 

stretch1", banda of .oat eub.t1 tut.ed .etal .oarboftJla. In ord.r to oonvln 

the anaa t.o t.he naperlan base (1. e., to obt&ln the &nt. under' the opt.1oal 

denalty curYe, Jband1n(To!T)"dV), the relulta vere ~ultlpl1ed by 2.)0) • 
......... 

Overlapplng bands Mere reaolved by extrapolation procedurea a'lualn, 

symmetrlc band ehapes. Such an extrapolation for ~H8~o(OO») la .J 

11lustrated ln ~lgure 4-t. 

Troll t",~nt of ln ta 

Three ll\ethoda Mere ellployad for the detenlnatlon of th4J irue 

lntogratod absorption lntenaity - , 

(22) 

Mhore c la the concent.ration of solut.e ln ~ole. par 11 ter, 1 18 the ce11 

path length in eta, '\rd 10 '11 and. Iv are th, lncident and. t.ranaaltted Inten

sitles of monochroaatlc radiation of frequency v. In the Cirat .ethod, 

the Vllson-Vells extrapolatlon,? A la obt&lned by extrapolatlng mea.ure-
1 

Mftnts of apparent lntegratedlab80rptlon lnten.lty 

(2) 

made at a nUlllber of concentratlons ta -.ero concentration. Th., plota for 

ll-C5H5l'n(CO)2Œ are shawn ln Flgun 4-2. 

The second .ethod uaed to d.t.~lne A la the Ruasell-Tho.plOn 
1 

extrapolation.9 In th1. procedure, A 1. obt&lned br plottln« B ..... 

functlon of apparent PMlt optlœl dena1t.y, ln(To/'r)" ,and extzapolat.1na 
MX 

to ln(To/T)"aax • O. The extrapolation. ro~ n-CS"SKn(OO)2œ an 

111u.trated ln Fl8Ur1 4-). 

• • t ' '0<_ ~~. ~ ... ~ 'j 

. , 
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In both extrapolation procedure., the data were ana1ysed by the 

method of leaat-aquarea ua1ng aaprogram wr1tten for tht IBM )60/65 

computer (Append1x A). S1nce the number or ob .. rvatl~na waa ... 11 

(us~lly five), a atatlatical treatment of data waa conaldered •• an1ns-

1e88, 53 and 80 all points Nere retalned 1n the analysea and were a.alsned 
.. 

equal weight. For the most part, negatlve alopea whlch generally lncreaeed 

ln magnitude with 1ncreas1ng half-1ntep81ty~wldth were obt&lned by both 

extrapolat1on techniques (Appendlx n). 

The th1rd method uaed to determlne A la the ,lIIethod deecr1bed by 

Ramsay and cOlleaguesB,18 for partially overlapplng band ayate.a. In 

thls method, A ls determlned 81mply by 1ncreasing the Mean of the B value. 

by 2% (Appendix A). B values for at least four (u~ually flve) d1fferent , 

concentratlons were used ln the ca1cu1atlon of the mean. 

A comparison of lntenslty result8 determlned by the three methoda 

outllned abovè (Append1x C) ShONS that the value. obt&lned by the two 

extrapolat1on procedures agree very 010881y (uaual1y to v1th1n l~)J thle 

,affords good evldence for the e~u1valenc~ of the tvo techniques. Hovever, 

the extrapolation resulta tend to be 80mewhat niKher than the reaulta 

obtalned by Ramsay's method (generally about ~ higher). A sll11ilar 

1ncrease ln A value (over that predloted by RamSAY on the b~al. of the 

assumptlon of a Lorentz band' contour and a ~langular .lit funetlon) wa. 

noted by Russell and Thompson9 wlth thelr extrapolat1on .ethod. 

In conclusion, therefore, lt 18 re1t the two extrapolation procedure. 

are the most rel~b1e methoda for determlnlng the true integrated lntenalty 

of an infrared absorption band. Ho"ever, an important advantage of Rusa,.'. 
method ls that 1t 18 possible by 1II8an8 of hia relation (1.e., Il • 1.2 B) 

( , 
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INtrRAR!tD IN1'IC~9ITn!S tN ~lIt't'AL (~AR80NYL OOMPU:Xœ 

tnt.reretAt1onal Approaoh 

lnt.eftrated lnrrartd lntlnlltte. or th. oe.rbony1 .intohlnl ablorpUon. 

of matai oarbonyl oompound. and th.ir dlrlvatlv •• were inv •• tlcat.d by 

No.ck 54 .a rAr haok AI 1962, hON.ver. th. relluli. of r.laUv.ly rlw 

Dtud 100 hAve aJlpearad lub' •• qutntly. 25,55-72 Thi. la ok 01' aot.1v1ty 1. 

unfortunllt.. .1n". th. lnten.l.U •• of t.h. 00 atretohln« vibration. of 

",.t.l 'œrhonyl oompllXl" oan provlc1. v.ry u •• rul information oonoernlnl. 

th. nllotronl0 prop.rU •• or th. mol.oul ••• 
, . 

Metal .~arbonyl CO atretohln~ v1brAtion. are many tl .... mort intln •• 

than tho •• of freG 00 (1. •• , th. 1nt.n.l ty or th. allow~ 00 .tntehlnl 

() 6 4 -1 -2 mode ln Gr r:o 6' 'V 5 x 10 M om , i_ approx1mattly 110 U ••• the valul 

of t.he fundamental for 00 1n th. « •• et.ate, 0.58 x 104 M- 1 om -2).25 Exp,la-

naUonli ror .uch intln.1 ty .nhano.m.nt have b •• n ,;iv.n ln tin. or n

olectron tr"nafer rrom the metal to th. 00 «rOup •• 2~. 62 Str.tchinR of 

Il 00 bond louere. lhe enerftY of th. pn· orhita.la whloh act a. aco.ptor. 

for metal 4n-eltctron d.n.1ty (~Iupra, Ch.pt.r 2). The 41pol. aoMtnt 

ch&n~. croated by thl. char~. tranar.r &coount. ror th. larl' inar •••• 

ln lntenalty. 51no. the .rteota on th. 00 lnt.nalty du. to va.riation. 
, 

ln o-bond1n~ durln~ a 00 .tretohln~ v1br.tion art v.ry .... 11.25 lt 1 • 

••• u!lled that thty can b. 18nore4 .nd that th. lnttna1ty of lIl.tal carbon)'l 

~ atr.tchln~ vibrations 

a.~Ption app •• ra to b. 

b.tn pubUahtcl. 

'. , 
18 d.ttrmlntd _oltly by n-bo~ln« trr.ct.. Thi. 

ln aocord wlth Mny of th. "AUlt. whlch haVI 

41 

. 
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Thus, the 00 lnten&~ ty of a Metal carbonyl oomplex oan btf taken al 

..... ure of th. en.nt of ""'bondi", present ln the lIOlewl,. Replaoellltnt. 

of One or aore of the 00 grOupa in a .eta! carbonyl oomplex by other 

ligands of varylng o-donor and Tl-acceptor ab1l~ty should result ln a 

change of Tl bonding to the rema.lning 00 groups (vide supra, Chapter 2). -
-<:) 

This should ln turn lead to different values for the 00 intenslties. 50, 

It should be possible to gain an appreciatlon of the sensltlv1ty of metal 

'carbonyl complexes to substitution by studying the Integrated Intenalti8s 
li 

of the CO stretching absorptions of the various moleeules. 

Unfortunately, It Is not clear how a change in n-electron denalty 
o 

ln a metal carbonyl complex will be dlstrlbuted aMong the varlous CO 

stretchlng modes, sinee both electronic coupl1ng ameng &everal 00 modes 

or vibron1e contrlb~t1ons to Individual 00 modes often occur. Thua, a 

method of analyzlng the measured Intenslty data whereln coupllng could 

be dlsregarded was descrlbed. 4•25 The total Integrated 00 Intensity of 

Any patticular Iletal carbonyl eomplex 18 Independent both of the angle 

between any of the symœetry related dipole moment derlvatlvea and the 

symmetry axis and of any vibrational coupllng, provided that thê bond , , 

mom9nt derlvativ8s of aIl carbonyl groups ln a molecule are identlcal 

and tnat there ls on1y electronle interactlon between the carbony1 groups. 

4 25 • These requlrements are fairly reasonable' and appear to be quite 

rea11stlc for Most of the metal carbonyle and their derlvative. which 

have been investlgated. 

Dividihg the to~ ab80lute integrated 00 Intenslty of a metal 

carbo~l complex by the nuaber of ca.rbonyl groups present in the Molecule 

affords the Integrated intenslty per carbonyl group, or specifie 
l , 

1ntens1ty.54 Ualng specifie 00-1ntenslty data, lt la poaalble to co.peze .. 

, 1 

, 
1 
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00-lnte~81tie8 of metal carbonyl complexee of var.11nc .olecul&r ..,..etr1e. 

and wlth dlfferins'numbera of cirbo~l sroupa. 4 In thel~ r.oent revl.w. 

article on the OD-intensities of aetal carbonyl co~lexea, ,Kettle and 

4 Paul utl11zed specifie OO-intensities in order to reduoe the publiahed 

data (reported using several systems of presentation), to a co.-on basle. 

In thls manner, a ready compariaon of existing results could be aade • .. 
The work in this thesls constitutea an addltlonal 'study of the 

lntegrated intensities of the carbonyl stretchlng absorptions of aetal 

carbonyl complexes. The OO-intensltles of the indlvldual stretchlns .. 
vlbr~tlons as weIl as the specific CO lntensity resulta for the follow1ng 

series of compounds will be conslderedr Cr(OO)6' (Cyclohepta~ene)K(Cl») 

{ and (Dlcycloheptadiene)M(OO)4 (M - cr, Mo, W), faC-Mo(CO»)[P(C6H5)J-xClx~ 
(x • 1-)), cis-Mn(OO)4LRr [t • P(C6"5))' A8(C6H5)J' Sb(C6H5))]. and \ 

n-RCSH4(~n( (0») (R • H, CH) and n-C5"5Mn(ro)2CS. The tInt .. aure .. nt 

of the lnfrared intensl ty of a thiocarbonyi atretchins aode ln the _tal 

thiocarbonyl complex, n-C
S

II
5

Nn( 00 )2CS, will also be dlscuaaed. The 

features of Kettle and Paul' s report whlch are pertinent to the resea.rch 

carried out in this thests wll1 be reviewed at the saM ti.e, where 

applicable, the results of more recent publications will be .u.aarized 

as weIl. 

Hexacarbonylchromium(O) 

The Cr( CXl)6 Inolecule is octahedral (Figure 5-1) and poe88e88e ~ 

symmetry. Group tf'leory2J predicts one ~nfrared-act1ve 00 .tretchlng lIOde 

(Tl ) for compound. of this type (Ji'igure 5-2). Aa expeeted, the lnfrancl 
u 1 

spectrum of Cr(OO)6 dlaplay. a ~lng1e 111O~ted peak ln the 00 atretchlll1\ 

reg\on. 

, 
1 
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Slnce slngle peaks whlch ara sentlally free of nelghbourlng 

absorpt1ons make convenient standard for coapar1aon of lnten.lty 

measurement tachnlque~, we measured the integrated lnt.n.lty ot the 00 

stret~hlng mode of Cr(00)6 to che the rellabl11ty of our .easuri~ 

techn1ques (Tables 5-1 and 5-2) •. The flrst polnt that e.ergas troa an 

examlnatlon of the resu1ta la that the two lntegrat10n methoda used to 

measure band area produce a1most ident1cal reaulta. Thua, lnt.gratlon 

of band area by the we1ghlng method and by Sll11pson'a rule are con81dered 

to be essentla11y equlva1ent procedures. "'-
Second, if our specifie 00 intenslty reaults are coapared wlth the 

" 
pub11shed values for Cr(OO)6 (Table 5-5), lt ls evident, that our reaulta 

obtained by Ramsay's method, 4.71 and 4.69 x 104 M-1 ca-2 (lntegratton 

performed by Slmpson's rule and the we1gh1ng lIIethod, rBspectlvely), agree 

very c105e1y with tha~reported values lIIeasured 'ln the aaae eolvent (~

hexane), 4.6554 and'4.61 60 x 104 M-1 C111-
2• Sine. Abel and Butler's60 

result was also deterrn1ned by using one of Ramsay'. aethod. (Noack'a54 

value 15 not corrected for the finite alit width of the.spectrophotoaeter 

and, as such, ls on1y an apparent lntenaity and ao should tend to he 

somewhat 10wer than the corrected results), it la apparent that our 

technique for determining lntegrated intenaitles by Raasay'a .ethod 

compares well wlth the Ram~y techniques of other researchers, and ao our . , 

Ramsay results may be rellab1y eOlllpared with equlvalent value. in the 

11terature. Also, the speclflc lntenslty reaults obtained br the Wilson

Wells a.nd Russell-Thompaon extra.polations (Table 5-2) tend to be aoMtd\at. 

higher than, both our Ralnsay value. and the publ1aheël re.ult.. Thl. 1. 

the expected trend becauae Rus.ell and Thoapeon9 noted a a1.1lar lncrea.e 

1/ ! 
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eo.ple~ 

Czo(Cl)6 

Cr(OO), 

T .... I\'~ 5-1 

Intrand P'nquene,., Half-Ifttendty '1lnd ndt!'l. and Abeolate I~ted Absorption IDtenait7 for 

tM cx> Stretchlrl; YlbraUon or Cz-(CX»6 1n ~F .. une Solut1on 

" bit· l,·· 10~ "-1 e.-2 
MX t 

" 

Inte,;:-atloD ~cma&l -1 -1 ~1l1lOn- 2aaMll-
.. th04 .ode e. ca !tauay Vell. ThoapllOft 

!1zpson'. Tb 1ge6'9 1.92 + Z8.) (- 0,6) + 29,8 (- 1,9) 29,8 (! 2.0) 

"1~1~ , T1a 19~,Z 2,00 Z8.2 (! 0.6) 29.9 (! 1.) )0.1 (! 1.4) 

" 

t 

"..... 

Z9.) (! 1.S) 

29.4 (! 1.1) 

-TheM v. the \nie balt-lnt.na1ty band. widtha c:oçuted f"roa the obserYed Yalue. b)' applylns Jlusay'. cornet1or.s for the f'1J11t.e .Ut vldth 

of tbe 1.nstI'UMnt (D. A. 1aua1. J. AIl, 0Ia. Soc •• 1!, '72 (19502»). 

--n.tlDe4 ... ëfJband~O(~)vd". llhere c eqlala the coao.ntraUOD t:4 eolute iD ,,-l, 1 1s the 0.11 path lerctb ln ca. and 10, anS x.. an t.'w 
1 

IDC14eftt an4 tn.naltt.cl latana1U ... t:4 ~.ro.at1c nd1aUoe t:4 freq-DCT y. .....71 E 1a coçuted b)' taltln,; the -.aB or the .... n_ 1At.ea-

dUe. Cht1Md ... ël/bandlOC10(~O)y4", 1Iheft ~Ov &Ill T'y an the obeerncl latna1U .. of the Inc1cte1lt &DI! UaMattW n41&UOIl .... u.. .,.ctn-

pbo~ le en at t~uncJ' v) obtalnecl at a DQIber or CO!'lo.n:u-Uana and lacreu1!1S It 'by 2'C. !he mabera !ri parenthe_.-u. _ d.""am 

4n1aUou f1'OII u.. Man. Vlbon-V.lhl 1 la na.t .. W 111 ntrapolaUn« the obMrw4 1JrtenaiUn Weil at MYftal ccmcefttraU_" HZ'O 

CIOftCetlUaUon. Tbe lIUiIIIbft'a 1ft pueatbe ... an the .tan4az4 ~UODS ~ l..n-....-ne &Jal,... or the 1rit.efta1t)" 'IftIR1.e coa:ull.uoa plota. 

...... U.n.o.p.oa. 1 la ~ae4 ~ ~laUas the ob.-rNd lat.es.1ti. .. taba at a lDIIIer or ~t1o_ to MZO a~ .-k opUcal 

4eultJ, l'be nusben la parenthe ... an the .~ 4~t101lS troll l .. ri-~Ql.fts analyse. of the 1nte:lS!.ty ftrSUS peü opUea1 .... ty JI1ob • 

...... 1 the 1 ftl_ 1a tbe ~ for the t.hzM Mthoda or 4etera1aat1on. the ~ lit pareDthe ... an -the nezaa- .t.aDdud ~ tOZ' tIIe 

t=M ..uao4a.. .' 
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ln integrated Intenal ty ,,1 th the1r extrapolation pl'Ocec1un over the value 
r " 

predleted by Rusay on th. baala of th. aaauaptlon of a Lonnt. band 

contour and a triafl8Ular aU t functlon. Therefore. i t 1. reaaonabl. to 

asaUlle that our elCtrapolatlonl technique. a~ coaparable to other 

extrapolation technlque •• 

Group VI 'Metal-Ole fin carbonyls 

Early ln the atudy of the Cl) intenalUes of aetal œ.rbonyl co.plexe., 

Beek and Nltzaann55 observed that the specifie 00 Intenalties of laoelec

tronte and tsostruetural serlea of .etal-carbonyl. Increase steadlly fro. 

('.atlonle through neutral to anlonle apeeles (Table 5-). The 1I0at etr1kl", 

exa.ple of thts trend la for the seriea ~ln(ro)6 +, Cr(OO)6 and. V(OO)6-

(rable 5-). Such trenda are tho~ to refleet the greater &vallabll1ty 

of metal dn-eleetron denalty vith i~81ng neg.ative charge. A cone14er-
, 

able body of data supportlng Beek and Nltzaannta original observations 1. 

nov available '(Tables 5-) and 5-4). 

Another early observation RS that for related apeelea ln a ~veQ 

group. an increaae ln atoftle nuaber of the tranaltlon Mta1 ato. reault. 

ln an .1ncrease 1ft the Cl) Intensitles. This observation haa &180 be.n 
, '\ 

condat.nUy reported (Tables 5-5 to 5-1) and la ln good. agrenent vlth 
• 

n-bondlng arguaents ainee one would expeet the avallabll1ty of aetal 

dn-eleetron density to Increase vlth the 81ze of th ... tal atoll el.ctron 

+ +') cloud. In the caae of "n(00)6 ani fte(ro)6 'Table 5-6 and. 80 .. co.pl.x •• 

contalnlng iodo l1f9!lnds (Ta~le 5-6), however, so .. anoaa:loua behaviour 

ha. been reported. 

A COIIpariaon of CXl-freq,uency and band.-vldth data for the two ..n .. 
of group VI aeW-olefln carbonyle atudled. ln thla vork lIhon that there 
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F1sure .5-). Structure of c.,y<OO») Molecule (R - Cr. Mo, v). 
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F1sure 5-4. Infrarecl-Actlft m SUet,ch1ns YlbraUoaa of the 

c.,Ha"COO») Molecule (R • Cl', 110, 1 1),. 
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Speclfle Int.n.ltl •• for th. CO StretOhlns f1bration. ot Soae Ieoa1eetzonlo 

and llO.t.nc1.ural Serl •• or K.ta1~ftJ'ha 

Spac1tlo ta'-tnaU.,' 

Co..,l .. S01 .. n\ 10' ,,-1 _-2 W ..... .. • 
lU(CO)_ T.t~tœ"an ... " • 
00(00),.- Dle\hJi.neIl1001 

41.\bJl.u.u ?5O • 
Hn(oo)t T.~t1II'aft 1.52 • 
Cr(00)6 Te~n 6.10 • 
V(00)6- Te\rahJ4r0tœ"aft 9."" ~ • 
""2(00)10 T.t~\lftn ,.es ~ 

~2(OO)lO2- T.~t\lftl\ ,.." ~ 

Ite(OO)6+ T.tnh1UotunQ I.U • 
V(~)6 T.tl'ah1Uotunn ?" • , 

'-"" 
&s. r. A. ,.tt1. and t. Paul ln -A4ftftce. la Or,u..ta1110 Cheala\r7.· '01. 1. 

~ 

F. C. A. Stone and R. r •• t, Ecl •• ACIIl •• lo m ... lao ..... tozlt. 'II. t., 'lm. pp _. 2)0. 

bAa 4.flne4 ln Tabl. s-t. 

0". B.ek a!lll R. E. ~U''''M. !. 'I.S'S1ongh •• m. m (1962). 

" '-"" 

ta. H. Vine 'and D. C. Crook.... Inors, Cbta •• !. 2" {1961j. " 

", 
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-.-ethe la\eftalU •• ot ",-lœ Itn\eh1ft1 YlbnU ... el .... I ... ~ ... i 
aM J ... \r\ao\un1 "rl •• ot "'\al Cano..,l 0.,1 ••• • 

Co.plu 

... (œ)SCl 

Cr«(J»SCl-

Ila( œ >.SBr 

Cr( œ),.~ -
~ 

""COO)SI 
er(OO)SI-

h(O»/1' 

V(OO)"I'~ 
il 

.(00)51 

~(~)Sl-

... re(œ'"kz 
!ll-MnCOO)"lra-

!1I-re(OO),Ia 
!ll-",,(œ)~I2-

eo(OO»MO 

re(œ)~MO-

.. 

Sol.,.,,\ 

,..~ 

Dl.\IlJleneclJool 
'".\b71.\M~ 

.. ~ 
,." 

S.16 

• 
• 

... . 
/ 

• 
• 

• 

• 
• 
• 
• 
• ... ' 
• 
• 

-a. ;. fo. 1C.\\1 ...... 1. hlol1 ln -AdftHM la Or1Ia ..... WU. a-l.ur,- ,.,.. 1 •. 

r: O. A. 8\0 ...... Il. Ven •••• '_,-s.a, Pre .. , IDCl •• ~ Tê. 1. T •• lm. ft ....... 

~ ... t.ti,*, ,ln T.blë 5-1. 

,oa. V. A\el a'" 1. S. I\lU.r. 1)tn,. M4v Sos., jJ, '5 (1".,). 

tr. Joaolt, Kt". 9\1 •• Ana. 'S. 181t., (1962) 

" ... "f:k aM 1. 1. 1f1tuua. 1. :)'a1onSft •• ·~ sn (1t6t). 
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r, 

c.plas 

~(X)6 

Mctcœ)6 

.(00)6, 
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TA81.E S-S 

Specltle Imn.1Ues !'or the CD ~c:MlIs Ylbz&Uoas or & 

SIz1 .. o! CrolIp YI l'ietal.-l".u'borJyls ta "azioua Sol-nmta&. 

Sped.Clc Istena1t:7. ~ 10" 11-1 ea-2 

T.uac:hloro- c:anoo 
so e 

~ .. nane .. cl 
~:.eZ&1M etbylenecl wtrac:hlor1de-

• 
~.6l ~.65 5.09 5.1" 

5.)9 S.Ol 
., 

5.19 

S.S- s." S.)7 6.62 

.. 

. , 

~ 

rvr&lJe 

-'A 
6.10 

7.75 ~ 

·s. P. A. Wt1e &al 1. Paa11rl -AIiY&acn ~ QrpDaut&lUc ~,. 1'01. l. F. C • .l. Stoae 

... B. .... DL. A~C Presa. lac." .. Yod:. W. Y." lm. p ~. 

~.Ia 4etbed la ,!fabl. 5-2. 

-~ F es. Ir. Abel &JIll r. s. JaUc. !!!!!!-!'!;!dg!!:" §lot "S (1967). 
~ 

'L J'oac:k. .b. ad&. !et!. ~ Ja7 (1962). .... 

,". Ie$ &IIIl L L U~. 1. ~onc:b •• mot m (1962). 
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..... 'h lft,.ft.Ul .. for ",. CO "n'eh'", YlVa" ... ., .... ..... 
" ot Qmap YI .nd vu ~.\al-('.nllo"111 lft4 h.;lIllU ... • . 

• IIn(CO), 
+ 1.(CO)6 

CI'(OO),,.(C,",>, 
lIo(oo),P(o,,,,>, 

","c,","'''(oo») 

tt-C,H,At(OO» ~ 

(n-o,K,OOC,"_)Mn(CO), 

1 (n-o,",ooO,",)At(oo), 

""(O),Bt , 

h(O),Dt 

K1\(OO),1 

1,(0),1 

CI'( (1) ,Cl-

V(OO),Cl-

~(OO)S·r:-

w(CX),ar-

~(oo),~-

V(Ol),I-

'olY.,,' 

c.tbon "\raohlor:14. 

~n \,~·aohlor14. ' 

Carbon \.\raahlor14. 

CUboft "'nahlor14. 

Chloroton 

0I10l'Oton 

Chl'l'Oton 

Chlol'Otora 

Chloroton 

ChlorotOl'll 

• ,..Ui. r ...... '\J'~ 
10" M-1 .-1 

1.,. 
1.11 

... e, 
,." .. ~ 
,.11) 

).)1 (),?,) 

",l' (1),1,) 
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.,. 't A~IC' u •• nd t. 'all\ ln -M.ano .. ln Or~\all10 Cheal"..,,- '01. 1. r. O. A. , 

stone an4 R. V •• , JJ4., 60104 •• 10 "... ••• 1110 •• If.., YOtlr. If;, T •• 1911. " U •• u,. m. 
~A. 4.tl ln Tabl. $-Z , '. _ 

0". , •• &n4 Il. 1. 'fUIIIaII". le ""GOl'gh •• m,. '" (1962). 

'rI L ....... aM D. J. Ilann.bo\U'l. taofa. (bn., i. 9'11 (1961). 

·A. !f. If .... ' ....... C. O. DrtoI'1.", ..... KIl. P. ""1',,'11, Tu. If ..... 1 ...... Il ... hl ...... 

• nd ,K. ". AnhlllO.. 1!9!s1. !k!!d. ".»5 ;ssn. m. 368, (1""). A0t.4. 101. UlSR ~, 1.,.. •• 51 -t . 
1. V. Abel ~ 1. 1. auU.r, rftn, ....... 7 100., !l ... , (1~). 
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Garboh "\raehlor14. 
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Oatbon t.tr.ohlorl •• 

o.Nh "\raéJhlol'1d • 

Clatbon ,.inGhlotld • 

Carbon ,.traehlotld. 

c.rboft '.\r.Ohlorl •• 

O&~ "\raehlorl" 

o.tbtn '.'racklor'.' , 
r.trahtclrCt\ll'an 
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... ~. A. 1."1 •• '" 1. "\li 1" IIA4"an ... ln O .... no .. \&1l1o Ch.llI\..,.. Il Vol. l, 

r. Q. A. '\Ofte 1ft( 1. V •• l, Id., Ao.d •• lc ~'" Ino., N.v Y"'. ~. Y •• 1911. , 1)0. 
1 

"At •• tlMt 1ft Tabl. s.a. 
~. ". Vl"l .... D. c. On •• r. lm"' 01,. •• 4. 189 (1"". ~ 
·AI , ...... , ..... , Q. C. DYo.,.'''\M''. h. '1. Shflt'lktr. If. 1. Kolo", .. , .u'" IC. If. 

Aalal ... ", pâle AiWI. ""Ill MU. lb. lit, (1966), Am". iâ$1, VII" Ch.e •• ~ '151 (1"'). 
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la l1tilè nhAM~ ln a1th8r v~rl&b18 l~ Atllng fruM o~romlum to \~nll'.n 

(fable. ,.0 and '-9). n.aâU •• or thll. , atudy or th. ao-in\an.ltt •• ot 
t.h, twu beriel ar oômrllufnt. WiUt uHdert,&k.n t.u .... whoih,r the tx.p.attct 

ltlorealie ln 00-lf1hnl9lty witt! l"~l'etlllf11 eb. or the lftot.&l ,t.01l\ would 

u~cur or wheth~t' t.he two 8erhl or ""illl .. uleril'l N1rbonyb WbUld be furthel' 

ONlnf(' tu tht! 1nt1t1lt\lI18t.e d.locf\llMtlHof\ or the n ... 1a"tron 8yat.tlfl ln 

èyclo~,,~ptRtrhm.,.. rree rotAUun about t.he met.lll-ring AdR dota not OQC2ur32 

(l.e •• f~ydoheptAt.rlet1g .. metlll MIttJ11lUhHl
o
hJ\ye t.hl t'1n~ r1xld wlt.h, ntaplot 

",u lhe cl\r\1onyl IU·OU}:Hil). 'rhe ~trunt.ur~,or t.ha 0'ltlOM(OO)) (M • or, Mo, w) 
j 

moleru)eBW 
,., f' plMIo-st.ool tYl11 IlrtRn(C'1II8nt. (r1gur. ~.)), wl~h t.h •• uot 

dhpn~l t.tuN of tlI9 (1~rhonyl ~roU~1 'Hb.t.\v. tu \tu. rin .... y., unti'Cll""'. 

'l'h9 Aymn\qt,T;.o 1 ~ r!l for wh) (III ,.ruu" t.hfiJory flrttdlai. t.h"o lnrrfllo.cl-lloUVI 

(Xl .U ... trh Ill/! ... ,.. (1~). \ !:Roh t';Ony l IlrouV .hou ~d III vo rlle, ~o a 

~YI1lIl\Ptrt {' A ~tt·@t('hll1f. ~~ <l( relU\un"ble lntenl'l t.y (1l'lgure ,-4). AI 

t",tl'ed,gd, }t,l'rltrml Ftf'grtrfl eJthlltltSng thral "dl-r •• olvlct battdlJ qr, 

t'umpll rab h 1 tlt.e liAS t,v wo rct oh llli n .. {t. 

i'\()b.t'\ll~" or tho typo ~·r.'7}1HM(r:O)4-_ (tt .. Cr, Mu, W) hAVI an , 

U(',lAhOdl'al Rtrur.turp (rl«ura \6·,) I\,rtd pOID." rormel C2v 1Y",,,,.tl")'. roUI' 

lnrrA1'@d-tlr.H"e 00 8t.rot{lhi~,I. ~~~ + Dl + tl2 ) would bl IXPIOt.tt4 • 
'( , 

(01' R\wh "'I ArrAnKetl1lont. 'r~~~ ~ p~~ ?r oarbonyl. Ihou1d ProdU~1 • 

,"OAk Al (~) mud. (Nhl dl lMy hr ",or,~' lnl;n .. t.han IonUolptLt.ed blœu.1 or 

tlou}'l1"p. M!th th~ t>thgr Al modi,} And A Dt.ron« allUlymmet.rl0 Dl lt.re'oI11n. 

mode, while th. ot.her 1.wo oa1'\)ony11 Ihou1d 81'11 ri •• to a Iy.",.trio Al (1) 

lIIod. And to an ant,laymmltrl0 82 .tr.t~h1n6 Modo or oOMparabll in'.nll\y 

(Ti'18ur. ,.6). ~ 
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F1gpre 5-5. structure of the' ~-c.,H8M(OO)4 Molecule [M • Cr, Mo,' WJ • 

A (2) , A(t) 
1 

o 1 

F1sure 5-6. Infrand.-Actlve (X) stretch1na Vl~ratlon. of the 

~c.,H8M«X»4. Molecule [M • Cr, Mo, "J. 
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'rhe ~peotrum of ~.c.,H8~ OO)~ ,clo •• dl.play four w.ll-relOlv.cl bandl 

ln tht 00 atrltohlnc re,lon aa txptote4. how.v.r, th. epeotra of th. 

molybdlnum and tun«.ttn analo,u ••• xhlblt only thr.. 411tlnet ptak.. lt 

1, l1k.ly that tht .trons 1111441, band in th •• peet.ra ot t.h ... t.,o aoapoun4. 

aotuBlly conoi,t. of t.NO oolnold.nt. ab.orpt.lonl. Th, OO-lnt.n.lty data 

" < , 

ror the aerlon (Table 5-9) h.lp to oorroborat.. t.hl. vl • ." lt 1. olear that ~ 
i 

the 1ntnnalty of t.h. atrong mlddle band of both th • .olybd.nua and tune_t..n 

f" complttxGs la compl1rable to the .um of t.h. Int.nai U •• of t.h. tNO alMle .. 
bn.ndn of the chromlum complexe 

prohl\hl. luuI1gnments or the four p.ak. in th. ~-c.,Hecr(OO)4 

Bpectrum ln order of docreaalng fr.qu.ney (ln Al (2), Al (l), Bl' and ~, 

"ra"peotivoly (Taule 5-9). The hlgh •• t Cnquency band 1. nadl1y ••• 1cne4 

to the Al (2) modo alne8 the local dlpol •• of t.he Al (i) MOde have th.lr 

o1m11ar poloo rl\clng on. another and honce there ahould b. 8O.e O&n0l1la-

tion glvlng rioe to a weak Rblorption. The"11gnaent. of t.h. 81 aode to 

44 -1 the nboorptlon at 19 cm la 8upport.cS ta th. OO .. lnt.en.1ty data, t.h. 81 
- (1 -1 

mode nhould glve riRe to' Ut. laoat. int.en •• band and t.he 1944 ca ab.orpt.1on 
. 

10 1 n faat the moltt intenae. The ho reMlnln8 una •• i1"td peak. at.. 1959 

cm -1 • nd 1915 cm -1 •• re ... iRnet! to th. A \ 1 ) 1IOd. and to th. D
2 

1IOd •• 

roopectlvely. ainee aymmotrlcal .tretchln~ IOde. of vibration &ri expected 

to ho at hl(.har frequonciea than t.h. 'correlpondlng •• ,...t.rlcal IOde_ of 

vlbration. TheL\o aaeignll\enta are aleo 8upportecl by prevloua force con.tant 

calculntlons on laostructural moleculee,'l3.?4 e.g., ~-Fe(OO)~~. 
'" Tho 00-lntenalty data for the group VI .. tal-olerln carbonyl. are 

presented ln Tabl •• 5-8 to 5-10. Fra. a co.par1aon of t.he~.peclrlc 

CO-lnteneltloB or t.he met.al-olerln carbonyle wlt.h the value. for th • 
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IAf'rand Freq1leftc1 •• , Hall-Int.uU,. !an4 Y1cltba, and Aholfte btesn~ Ab801pUcm 1at.ea.1t1 .. for the CO Stzwtc:b1tIc Yl'IaIJ_ .r u. 
Cyclolwpt&tr1eW1(OO») COIIlplnes in 1'!etb1le'ne O\lor14. Solatloa 

" /»It- /' &. -. 10" ';-1 _-2 aaz t 
Joraal 

ca-l ca-1 V11aoD-
Coçlu .œ. aaa-,. VeU. Tb..,... !Jeu 

,,>i 

ACt) 
..". 

cner<œ), 6.1' c! 0.22) + 1.1" (t G.") 6. 1ft ct 0 • .50) 
,~ 

1982.1 1).1 6.9S (- 0.5) 
A(l) 7.2) (t 0.22) 1.62 ct 0.60) 1.6) (t 0.71) '7." ct O.~) 

; 'Ii 

~œ») ~98)·6 U.9 ", ,,, 

c:r'sll(œ») A(.l) 19!n.~ u.o 6.n ct O.ZZ) 1.90 (t O ... ,) 1.09 ct O."> 7S1 ct O.~, ,; 

c:.,.~Cr{œ») A(2) 
191~·O 19.1 - 6.65 ct 0.11) 1.'" ct O • ..,) '7.~ ct a.S') 1.%1 ct ~,,) ~ 

Cf'-i'.o( Q) >, A(2) 1912.2 22.0 1.9') (t O."> 9.11 (t 1.07) 9~ (tl.n) 8.71 ct 0.92) .; 
) " 

c.nvcœ), A(2) 1909., ZO.6 1.50 ct 0.1) 8.06 ct 0.5» .8.1) ct 0.60) 7.90 ct O.-.z) 
.~ - , .. 

" . 

AC" 
1-

Ya~œ), 1886., 26.0 '.51 ct O.,,) 8.11 ct 0.61) 
. ' J." ct O.'" 1.31 c- 0.73) 

c:.,yo<œ») AC)~ l88O·2 1.81 ct 0.1) 
J. a.U ct 0.1) 1.12 (:0.1) 27.0 8.)1 c- 0.1.) 

~V(Q),) AC') ~1 25.8 1.37 ct O.~) 1.n (t 0.21) 1.32 ct 0.29) ,.,. (! UO) 

---, Aa. denM4 ". Tû1. ~1. 

'" \ ~ ~ 

,,(; 

~~~~t:'1"~·";' i'~ !.~_ 
HO 

~" ... ~l!\o; ... t,,.I .. ~~ -~ ,":;:~ . .. ~u-..~~1~'''':'\·~U -.. :1~~î~~·~~ 
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l '."LE 5-9 , 

Intrare4 Frequeac1 ••• Halr-Int.enalt,. !and W14t.hs. aM Abaolut.. Int.et;r&ted A~t1on Intens1t1ea t'or the Cl) Stret.cb1nc T1l1zaUoas t4 tbe 

(B1Qe1ohept&d1.ne)M(OO)4"eomPlexea ln n-HeXL~ Solution . 

No%m&l 
Cœlplex lIOde 

~YsCr«(X)4 A (2) 
1 

~c.,sa".o( œ)_ A (2) 
1 

~'Yle,(IX),. A. (2) 
1 

!!5-<yteCr( IX),. A (1) 
1 

~1 

~aJ'O(IX)_ [A (1) ,] 
1 • 1 

~V(Q». [Al (1), Bt] 

e-<yIs~Q)4 '2 
ao~(Cl),. B2 

v 
max 

-1 = 
2033·6 

2044.,. 

2(4)'9 

19S8·1 
1944'4 

1959'2 

1957'3 

1914'8 

1913'6 

- \. 
t- 1 -

fjv t E.·· 10" .rl c:a-2 ~ 

c:a-l Wilson- !tussell-
Ramsay ileU. Thoapaon '.eu 

1.62 + ).14 (- 0.11) 
.. J.54 (- 0.112) 3.SS (! O.S') 3.112 (! 0.)6) 

1.50 2.62 (! 0.06) Z.S? (! 0.25) 2.55 (!" 0.2S) 
liT 

2.SB (! 0.1') 

1.95 
.. 2.81 (- 0.06) 

.. 2.19 (- 0.08) 2.19 (! 0.09) ~ .. 2.80 (- 0.(9) 

• 
2.86 1.92 (! O.U) .. 2.26 (- 0.52) 2.26 (! 0.58) .. 

2.15 (- O.~) 

,.)8 9.29 (! 0.26) 9.S? (! l.~) 9.49 (! 1.Jr2) '.45 (! 0.97) 

).?Ia .. 
12.2 (- 0.4 ) .. 1).8 (- 0.4 ) 1 .... 0 (! 0.- ) .. 

1).) (- O.- ) 

).50 12.2 (!" 0._ ) 14.4 {! 1.0 ) + ".8 (- 1.1 ) + 1)..8 (- 0.8 ) 

\ J 

).1- 1.76 (! 0.1') 1.99 (! 0.28) 8.02 (! O.,..) 1.92 (! oois) 
,.86 '.19 (! O.)S) 9.90 (! 0.52) 9.97 (! O.~) + '.!11 (- 0.,0) 

~eV(Q)_ '2 19lO'1 . ).'<» 8.1) (! 0.17) 8.)7 (! 0.4» + 8.41 (- 0.'1) + ' 1.)0 (- O.,,) 

• •• 
p;/ • '.la def'lDe4 ln Ta~le 5-1. 

/ 

! 
" 
'''" ~ " 
r· 
~;' 
t!~~. 

• ~;. 

~. .lXi.-..dt. ...... H .... " I,.~~l'/;, ~ 
>"-'f ~". II- ':... , .... :~'Jt •• ;"" .;:'" ,'" • ;, .. 

I<~~';"',f.~~.",'~'" .~ 

-' 

" 
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,( , 
; 
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TOL! 5-10 

Spec1.~c 11IteDa1U .. for the Cl) Stntc:h.1.DS V1braUcn:a or the Czoap 'fI P.etal-Ol .. tl.:t ~l a-plaae ~ 

s,.c1f'1c I~V.· 11/' 8-1 0.
4 

. . 

~.! r • 
~ ... . 

\ ..... 
,. 
" , 
,-

'" ~ 

j-

~ 
~ 
~~-
~ ~ 

~-
~ -

Coç- $ob.nt 

e.,-eÇr( (1)) 
.A 

PAtbJ~ 
c:blGr'lM 

c,yocQ)~ _ "'-\byte:. 
chlortde 

YeV(œ») P ... t!qlce 
œlar1à 

~Cr{m). ~ . .,. .. 
c-

~œ), .! Iso. 

~v(œ)_ ~B..". 

• AS un ... la ~ s-z. 

_~ 1;:' 

~ ...... ~ I",U- * .... ~~;'J -â.~~!.J''t'' 

...., 

-

• 
ftbaD-

laasaJ Iells 

6.-) (! O.zs) + 1.S5 (- 0.5) 

1.66 (! 0.2) 
+~ 

8.)9 (- 0.(0) 

1.20 t- 0.1) 1.76 (! o.~) 

s.S) , (! o.lS) 
-~ 

s."" (! 0.62) 

6.01 (! 0.20) 6.S6 (! 0.)1) 

s.?S (! 0.16) + 6.110 (- 0.)5) 

(:, 

+ 1.69 (- 0.68) .. a.-S (- 0.72) 

7.8S (! O.~') 

s.a (! o.n) . 

6.62 (! "li) 

6.1&9 (! o.~) .., 

'.o 
... 1.22 (! o."') 

8.U (! 0.$2) 

1.60 (! 0.3') 

s.~ (! o.jID) 

'-_ (!o.ZS) 

6..a (!o.ll) 

" 

'. 
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parent hexaoarbonyl, M(CO)6 (Table. 5-~nd '-5), 1t 11 .v1d.nt that • 

.... ke4 .nhanceMnt ot CX)-l"t.nlS.t.y ooour. upon replace_nt or IOM or 
th. ~rbonyl groupa wlth .1ther oyoioh.ptat.rlene O~ b1oyaioL2.2.1)

h.pta-2, '-dlene. ttowev.r, the lntena1 ty m.aeurement. of th. oyoioh.pta-

triene oomplexe. were tak~n ln a rather polar .olvent, m.teyien. ohior1dl, ~ 

whlle tho.e for the hexaoarhonyl oompound. wer. determ1ned ln non-polar 
1 

~-heXAne. Strlctly, therefore. one ahould not o~parl thl two reluit_, 

aB part of the lnorea •• ln the CO-int.natty valu. for th. cyoloheptatrl.ne 

specl.s could be explalned on th. ba.l. of solvent .rr.ot. alon~[l.e., 

th. marked band -broad.ning ln methylene ohlorld. (Taqle. ,-8 Anf '-9) 

lndlcatos that cons1derable Bolvent eff,eta were prleentJ, In th. oa •• 

of the blcyelo[2.2.1]hepta-~,5-dlene derlvatlv •• , a oomparlaon wlth th. 
~ 

parent hexacarbonyla 18 valld b.~u.e both Beta of lnten.lty measur.m.nt. 

M~re taken ln ~-h.xane. 

Tho lnerease ln specific <X>-lntenalty for the blcyclo[2.2,l}epta-

2,S-dlene derlvaUves may be lnterpreted ail evldence that there ls an 

lncreaBe ln M-CO "-el.ctron transfor from metal to CO ln th. nor-. -
C7 I1SM( ru)4 npeclee over that ln the M( OO~6 molocule. Th, enhanc:ed M-OO 

" bondlng upon substitution may arlse from the decr.a .. ln M-L " bonding , 
• 1 

or the lncrease ln ~I-L Q bondlng that oeeurs when a ligand wlth l •••• r 

~;accoPtor or greater n-donor abl11ty replac •• CO aB donor group • . ~~ 
Undoubtodly both theae faotors are 1 

lntenalty haB ~eon reported for 8ubat 

A comparlson of CO-frequency, 

aIl of the group VI m.tal-olefin 

A sim1lar enhanoement ot 

tuted octah~ral carbOny~.60,25.65 

-wldtn. and inten.lty data for 

onyls stud1ed ahow. that ther. li 

little change ln the COrt.spondlng value. &s the .etal 1. varled both 
~ 

" 

, ' 
t 

" 
" , 
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J 

• 

wh.n cycloheptatr1en. and wh.ft blcyclol2.2.ljh.Pt&-2.S~1.n. Act aa 

Upnd.. tf~ correlation \»et .. n CX>-tl'eCluen01 or halt-lntenalty banct' w14\h 
• 

.. nd al •• of th ••• tal atala la appannt., howe .. r, th.n ••••• to be a 

.Usht te~ roI' the oo-1"t.n.1ty t.o 1nor.a .. ln t.h. ord.r Cr < " < Mo. 

Al though the varlaUon 1 .... 11 and considerable ov.rlapplng of " .. lu •• 

1. present, th. t.rend _. con.id.rad to ~ .1~lneant. b.oau.e 1t 1.a 

Observed. ln both stud10e. Thue. 1t would appeu that the enent of .etal-

00 11 bonding la greator ln .. olybdenua than ln tungat.n ln th. olenn 

colllplexea s'tlW11ed he~. ancl hence the reauU. are not ln aooord wl th the 

genoral trend (1 •••• t~ror any particular type of co.plex, al one 

lncr8ases the atolllle nua~ l' of the trausltlon .etal at.o. th. 00-lntenaitl •• 

lncrease). SOI 1t app ra that the .. two serles of group Vr .etal-olefin 

carbonyls are al80 exceptlona1 ln thelr behavlour ln th1a regard. 

Nolybdenum- and Hanpnese-FhosEhlne carbonyla 

. Another observation whlch ha. buen con.latenUy reported ln the 

lIIetal carbonyl 00-lnt,!tns1ty Ut.erature la that. if thera la .. halogen 

atoll bonded d1rectly to a translUon .etal ato •• a relaUvely low 

specifie 00-lnten&l~ COlllpared to the parent oarbonyl will relult (Tabltl 
\ 

5-11 to 5-1 J ). The trond. whlch haa bMn ~nerally obeenad 1. that tht 

spec1fie CO-1ntenalty of a .eta~lo88n qLrbonyl oo.plex decrt&lea ln 

the el> l'r > Cl, although a~e confl1ct1"8 relultl haV.~been 

,reported, they are the exception rather than t.he rule. The eat&bl1ahed 

trend is ln good agree~ent. with n-bondlng arguaenta ainee one would 

expect that the hlghly electron.saUve halo~n atoas would wlthdraw.,charse 

frOlI the central .. tal at.o. leavlng le ... etal dn-electron denalty 

avallable for backbondlng wlth th. 00 ~up •• 

,~ 
,~ , 

'j , 
-. , 

.. 
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~ 1/ .. w- '. }t *-1.~- ':'_ ... ~ ;:', 1 ~ .. 4 ~1 :~~~; <~~+-~~~~'t)-:~ 
, of" " . -.' ~. 

'4> . , ....... ~ 

'y "" , ... ,. .. 
.... lIb la" .. l" .. ,. .. CD Iu.UIllM tl.UIM fil ......... 

J. 

., 0..., YI r.w-Mal ... a.ne."l _1 ... • 

.... ,..1" .... "" 
oe.,l •• 80\.,..\ 10" ,,-1 ... ..,.. .. 

Greco), ,.~ '-(0 r 

. Cr(co),cn- e» ....... '.'1 • 
Gr(CO),lr- c.l...,... '-SI • 
Ct(CX),I- CN.onton , ... • 
vem), 'l'.~. '.fS • 

G-

V(œ),Ol- CIllOlOfoftl . ,.'- • 
V(CXl),Br- , Chi.,.,. .. '.01 • 
"(CIl),t- Chbnt ... '.10 • 

aa. f\ A. Ko,\10 ~ 1. h-t la -M'faNt. l. ~\t.lU. awal.u,.- Y.l. 1. 
1 r. O. A. I\one .... 1. v.". III •• , ............... 1 ........ '., a. 1 •• lm. , us. 

\A • •• tlft14 1ft 'l'ablo 5-'. t> 

'v •••• pl' 1. 1. !tu .... , 1. t!t\pt!tMb •• JZI. sn (1.) • 

.,.. V. Abel a'" 1. B. ..tl.r, tnu· tm4tt ln·. Il ... , (1961). 
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TAiLI 5-11 

. ,.oUle bt..".UI., tor Ut, CO lt.nUbl", Yi_U ... fi .... hriN 

Ir Croup VII M."l-Halol'" carboft71 eo.'l •••• • 

",,(00)6+ 

'@ 
",,(oo),Cl 
"n(CXl),1J' 

",,(00),1 

ilI-Mn(OO)4clDr-
1 

.w.-t,,,(00)4k'2-

.2!S! .. Mn(OO)4Brl-

,W-Kn(OO)4It-

"11(00)10 

"'1 (00)8Cl2 

""2 (oo)Oftr2 

""2(00)812 

fte( (0) ,81' 

".(00),1 
• 

Solvon\ 

Chloro!ol'll 

Chlorotol'll 

Chlorofora 

Chlorofol'll 

Chlorotona 

Cl)lorofol'll 

Chloro(o ... 

Chlorotol'll 

Chlororol'll 

Chlorotol'll 

Chlorof'or. 

Chlorotol'll 

Chlorotol'll 

Chlorotol'll 

.,..Ult In'."al"" 

10' M-\ ca-I 

1.51 

, 
1.11 

1.11 

• 
4 

4 

4' 

• 
• 
4 

4 

• 
4 

4 

• 
• 
4 

• 
• S .... A. hUl. an4 1. '&111 ln '''Ad .. ftc .. ln Orpnon\alUo <:heale\rJ,. Vol. l, 

r. C. A. l\one an4 ft. V",. Ill •• AOII4,.10 pn ••• Ino •• ,.." York, If. l., lm. pp $, US. 

226. 2)0. 

b •• 4,tlne4 ln Table 5-2 • 

.' Gy. a.cIe and R. E. 'CU"",,,. 1. ",'moucb •• m. 571 (1962). 

~. V. 1."1 all4 1. S. hUer. to"" "'na,,: SoS,, ~ ... , (1967). . ' 
1. M. Vine al'll1 D. C. é:rocker. 100U. Ch •••• i. 189 (1961)' 
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co.pl.x 

... (CIl)s. 

S,-c1tlo In\ena1tl .. tu th4I CD S\l'dohlnc Ylm" ... 
or SOM Serle. or lton-Kalo~n c.rbonyl COepl .... a' 

",o1t10 IDUllalt,r" 

801",,\ 10" .. -l ca-2 
e 

.a-HeaM ,.W 
, 

",' i 

w ..... 

• 
.s!!-h(Q)})Cl·~~-CHz liH

.-
1.8) • 

s!!-r.(Q))Br'~c-cH-CH2 ,n-HeDM 1.8) 0 

~~e(Q))Cl·Kzo-cH·cnCH) .o-X.D". 1.90 0 

!!!-,r.( (XI »)Br. Kzc-œ-CHCK) !t'HeDM 1.80 0 

s1!-"'(~)4~ h\rachlOl"Oe\hrlene 1.66 0 

s!!-F'.(OO)4B~ ,n-HoaM 1.aIt> ,I 

s!!-h(<X»_I2 .o-X.xane 2.)0 • 
1 • 

tt-CSKSF'e( 00 )2Cl !,"Heaftl 1.7 4 

tt-CSHSF'e(OO)2Dr .n-H• ane 2.9 

tt-CS"S,..(OO}2I .n-H1xane '.1 
.4 

l:r 
4 

n-CSHS"·(OO)2Cl ~lororona ).69 1 

n-CSH{·(Q»2I Ollororona ,.~ • 1 

~. F. A. K.tU. anet 1. Paul ln -AdYaftCle 1" OrpnoMtaU1o~Chea1.U7,· '01. l, 

r. C. A. Stone and. R. V •• t, Dl., Aca4 .. 10 Pre .. , Ino •• '" YorIl, Il. Y •• 19?2. pp 226-22~. ~ 

. ~A. clenM4 ln Tabb 5-2. 

~. 'Ioecle, H.b. O'Ih. Acta. ~. 1~1 (1«)62) 

clJ • ~ton. 1. Paul and ". C. A. Stone, J. q"a. SOo., A. Z~ (1969). 

Il ID. J. llannabourc. In0re. Che-•• 11. 1606 (lm) • 

.. 

0 • 

e 
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TA'LI '·14 

------------~.~-------------------------------------------------------.. a,.olflo Inhlllhld ror \1'1. (X) $\fttaJ'llnlll YU>"\lonl ot ..... Iofl •• ~I 

''''\al.~boI\11 Co.plu., vith rh~.phol'\l'. IUStont and Tla Ll".nd" . 
;. • ,.oltlo lft\''',UJ' 

Oo.pl ... 101'1,,,\ 10" H-S .-i .. t ...... 
li Il . .' J 

''0(00), 'n-II ... n. S.)) li 

)(o(oo),PC1, " n-':·""· ,.U t " li .. 
.. 0 ,. 

Mo(f>,.p(C6H,>, n-" .. ·n, '- 6a .. li 
., 

- MO(00)6 C101oh ... n. ".1 ~ 0 
, . , 

," 
.. 

lü-t;o(OO»)(I'C1~), , - ~oloh'''I\' .... • 
00 (00 >,.i)1Cl, n-H ... ". ,.1' • 

\ 

fi '. CÎo,(00),.S1(C611,>, n-II ... ". ).80 • 
1'/~'C,H,"(CD)i'nCI" O1101'Otora ).1 • 

.. 

/ 

. n-c5'1""(~)2S"(C6:',») 0,101'0101'8 '.1 • 14 ,. J -
.\ ' 

"'r. L. rroW" and D. J,. tar."'bo~:înor~J Ch'!.", ~-911 (196?), D. "J. o.n,ftallOUI'I 

o~. 8.nl11" and ~. Dl~r~n~. lull. roe, r,~I •• trlnel. ~~06 (1961). 
" . D. Jo' blt.n.bo\lr'«. Inol'~. MI 1111. Act.l. ~.' "91 (19?O). 

'. ' J. !)aHon. 1. l'aul. and r. C. A. liIt.on •• 
~ 

l-
n ... f 

-<. Il 0 , .-
Ir 

l' 

" . v, 
t • 

il 1 " ". 
.~ '0 

~ . , 
... 
~ 

.' 
, ,. 

, 0 ~ , , . 
.:) - ;.. 

, , . 
~~._t~ \- .. 

. ~: 
'J' ~ ~" .. - . 

• >1 ' t , .. ~ '..,\rt .;lJ.1'~ ~" ~ of. ~ -.,ti .. ~ ...- . .;Aol ......... __ . ' • ~_ ,.. ... 1 
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!~oack ha. ahown that. the halogen .rr.ot waa adctl Uv.- for .o.e or th. 

1ron halogen d.rlvat1ves (Table 5-1) that he atudltd. It wou14 be - , 

1ntereatlng to Bee lf hl. obaervatlon oould ba axt.n4td to other haloltn-

contalnLng metal ~carh.onyl complexee where th. halog.n la not bonded 

dlrcctly to the central metal atom. In metal-hnlophoeph1n. carbonyle', 

for lnotanco, one would expect that the halogen efr.ot, although 1IO •• what. , 
dlmlnlshed ln ~gnltude, would be tranlmltted through the phoaphorua ato.' 

t'o the contra.l ",.tal atom and so on to the 00 groups. 

IIHh thls \dea ln mlnd,. a prol1mlnary 4.nve~t18at1on of a •• r!. •• or 
ï 

~-Mo(CO)JLp~r.61l5»)_XC1xJ3 (x • 1-) was undertaken. Th. 00 fr.quenol •• 
. ~ 

flA'l' h:l1f .. lntonslty band wldtha wore o~ to se. if any cler1nlt1v. 

tromls eould ho observed (-rable 5-15). Bath b~nd character1atlo8 .. e"ed 
. 

to bo affedec\ 1 n tho OXI,l9Cted mannflr wlth succese1 ve Bubstitution of 

chlorlno atomo onto tho pllosphlne ligand. Moreover, a campadaon of the 

L\l1 va luaG ror tho ~~MO( CO )J~Pr.1J)J cO,mplex meaaured ln a raftfèr polar . ' 

oo~~nt, mothylono chlor1ùo, and ln non.pob.r ~-hexane lndlcated a rather 

stronr; sol v"bnt orfe~t on bAnd C"!haractertsUca as weU. The results for 
'. 

tho Durles GUP;f,ost tlult sol vont and Ruhet1 tution effech act· ln the .... 

wlly. 

It la d1.fflcult to clarine tho proporUes. whlch IllAlnly arrect the 

t L v~ vnluoD. 1 t may bo 6upposed th8.t thfl extent or polar1zat1.on of~ th. . . 
carbony} gro~ps and tholr ablllty 1.0 lnterllct w1th th.lr .nvlronllle~t 

dopoml upon 0. ("omhlnod action of the o-donor and n-Ilccaptor propert1ea 
. 6 ~ 

of the l1Rande. 7 lIowever, staric e(fects should not be overlook.c:h the 

largeat Lvï values were obtalned ln the ",ore\trongly reaot1ng aolvent 

as w911 RD ~lth the bulkler substituent 11~nd •• 'Llk.wlie, the 00 

.' 

,') 

.' 
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Croquono1 •• rafloct the oomblned Actlon of o-donor and n-~oo'Ptor prop.r- ( 
1 

\1 •• of th. lub.tl\u.nt., that 18, the ateady d.or.a .. ln 00 rr.qulna! •• 

Along th ... ri •• !'!..<:-Mo(OO))(rClJ)" !.!.2-M.o(OO)3(P(C6B,)C121J, and. 

fa.e-ko(oo)J[P(-c6HCj)2G1j) lmpU.a that t.horo 1& elther .. n.t d.cr ..... ln 

M-m o-bond st.renf!;th, or an Inorftl\se 1 n M-OO n bond1ng, or both. 

1 n arder to t',al n more Inalght lnto tho 0 Brld " contr1bution. to th. 

hondlne ln the varlouo phoaphll1'e Ugando, we declded ta m"flsure the 00 

Intonslt1es of t'he compoundllt.~ BinaI) tlfe rrel1m1nary lnveaUgllt10n of 

tho fa(,-~I~(<Xl)J[I'(C6L5)'j_/!lx13 (x • 1-1) complexes rav.a1ad auch d.fin1t. 
, 

lrcndn ln co fI'tlquonr.\Qs and half-lntono1ty band w1dthll wlth sucee8alve 

8ubdt.1 tution of chlorlne onto the phoophlne, .and slnce .pleif1e 00 
. 

Intonslttos for a olm)lar sorlos of complexos domonotratod the expected 

"" dop<,ndonco on d,lorino (Table 5-1/~). 8. atudy of tho r.G-1ntansl ths for 

't~ln r.orlos of compounds WIlS undortllkon to nee if fi slmllar trend would. 

oc('ur. 

The fa<:-~,~«(XJ)Jlp(r.61:5))_x(·lx 1; (x • 1-)) molacules ara octahed.ral 

wltl! lhe. throo carbonyl groupa Ilrrl\ngod ciB to onè I1nother (Figure 5-7), -.--

the ~'o111lal symmotry h C)v' Tho thrco enrhonyls ara oxpected to glve 

, ri"" la \.wo' 1 n r rnrod -.cU v. 00 utre Il,, 1 MIl mod o., • oymm.lrl CAl. stretch 1 ns 

.ode and a dor,enont ta E modo (1i'lgure 5-A). A11 threo compounda d1lplay 

ho %>lrone; handn ln tho CX) stret.chlnp; rer.lpn aD prodlcted. 

Th~ 00-lnlo~ data for the mo'lybdonum-phoBPh1ne carhonyle ar~ 

present.«! ln Tnhlan ')-15 to 5-17. Tho ronulta a.ro Bornewhat aurprla1ng. 

T·'lrstlv. althougtl there la Il marked Bolvent affect upon the L"! valu •• , 

no solvent effect upQn the Integrated 1ntensltles lB apparent 1n th18 

study. Inlenslty rer.ulta for ~-MO(CO)J(Pr.lJ)J deterrn1ned ln polar 

aethylene ch10rlde and ln non-polar .!l-hexane show no algnlf1cant change, 

• 'j 
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C 3V .ymmet r y 

Figure '-,7. Structure of th, f!Ë-Mo( Cl))L) Mole,cule [L • PC1). 
-'P(C6HS)C12", P(C6HS)iQIJ. 
, " 

\ , 

~~------~v~--------• . , 
r1gure 5-8. Infrared-Act~ve 00 Stretah1ng Vibrations of the 

~-MO(OO)JL3' Molecule [L-. PCl), P(C6H
S

)Cl,i' P(C6H
S

)2Cl). 
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TA325-1S 

, 
ID!nnd, Frequ.:'ldH. Hal.!-I::teflalty !&n4 V1dths. a!'ll! Ab80lute !r.t.e~ted Ab8n'ptlcm IDteult1ea for t. .. CO Stnt.ë.1~ Y1buUea ~ the 

!!!-f~{CO)){PhoS~1~)) eo.,lex .. 

" y te 
ax b t Z •• 10" .-1 -2 • .. CS 

"or-...al -1 J]. Vlbon- !\:SMU-
eoa.,lu SolYent .ode c:a cs ~a&J Vells ~ ~.o!l. P'A&1l. 

0 

!!-~O(CD»)(?~») !!-HelIaTle Al. ~~2 1.4) 6.~ (! 0.22) 7.17 (! 0.)11) 7.29 (! 0.)5) 7.0) (! 10)0) -~ . , 
j 

~~4(CD»)(~») P.et.hyleM + + 6.tt?! o •• ) '.01 (~ 0.32) J ~or1d. Al 20)9'9 10.5 6.10 (- 0.1) 6.07 (- O.~) 

~4(~)(P(C6&S)~J, ~t..~le~ + 5.90 (! 0.32) 5.90 (! 0.)6) ,&blonde Al 2006'0 12.9 5.'" (- 0.09) s.96 (- ~26) 

~p.o(CD»)(P(C6!S)2C1J) ... t.hyl .. ~ 
'.20-(! 0.l7) 6.17 (! ~OO) S.92 (! 0.19) '.10 (! 0.65) c:h1or1d. 101 1970'5 1).6 

!!-~(CD»)(PCl)~) ".'-6 + (! 0.5 ) (! 0.6 ) 10.5 (! 0.5 ) !!-P.exaM - E 1991.'1 10.1 (- O.) ) !,.O.? 10.1 , ~ 

~~(CC»)(PCl)) 
.. 

- l!ett:ylece + (! 1.1 ) (! 1.1 ) + ehloride E 1956'6 26.~ U.) (- O.) ) U.2 11.1 11.2 (- o.a ) 
~!O(CD»)(P(C6HS)ClzJ) Jf.ethylebe 

11.0 (! 0.1 ) + 10.8 (! 0.6 ) 10.9 (! O.- ) cbl.orlde E 19/fO·S )).2 10.S {- 0.5 > .. 
~~CD»)[P(C6HS)2C1J, r..tb71e~ + n.. (! ).0 ) 

+ . + 
cblor1de E 1889 •• )7.0 12.1 (- 0.5 ) 10.8 (- 2.7 ) 11.- (- 2.1 ) 

••• -• Aa-4e!1MC! ID ~. 5-1 • 

.... 

. " Ci 
-7 ~ 

~~ir-,..--·*'t.:- .' 
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" 
appllrontly, thA lnor",. •• ln band wldth K1th th" 'Polar .olv.nt. 1. rou,hly 

oOI1lP.ncmted by th. ci.area •• ln peak hl1ght.. li .houlet b. nOil4, hO"'VI". 
~ , 

t.hAt 1/8n11l1n Anel. ns p;orgn.·. VAlut (d.hrmlnod by th. WU.on-Wlll ••• thod.) 
\ 

for D!.2"MO(CO))(Pr.1J)J 1" cytllohcucAno .olution, 4.2 X 104 M-1 
011.-

2• 1. 

I!onnldonb ly 10\".1' thl\n our r~l\u1t. (11110 obtaln.d by th. Wn.on-W.ll, 

oxtrl1pol n.Hon mothocl) for hot.h n-hlXano And m.thyl.no ohlorld. lolut.1on. . -
1....1 -2 ' 5.96 ~nd ~.74 x 10 M am ,reBpeotivgly. Thl. may rar1,ct .1th,r a 

dlrfaronco ln me~~urlnR technique or Il solvont ~rf.ot or both. 
, ~ 

1l90ond, 11' our rB.ult (?btl11.nèd by Rllml\flY'. m.thod) for !!.2.Mo(OO)3-

(l',Cl J)) ln n"'hoxe.ne solution 18 compa.red with th. p\abl1lhec1 val\al (~l.o 

clot.ormlrlOd l),y HnmfloY'9 mnthod) for Mo(ro)6 (Tabl. 5-') mea.ured ln th. 

nrtlna oolv(Jt1t., 1t 11'3 evldont thllt tIJ9re 18 no dlgn1floant Ohl.nfÇ8 1n th. 

flpod l'le m-l ntnnA1 ty An OM p;aflll l'rom the p~rQnt hexaoarbonyl. 5. J9 x 104 

-1 -~ 60 . 4 ~1 -2 [ 
11 (lm i, ta the phoaphins oomplox, 5.5'7 X 10 M cm a polnt ob •• rved 

" 6) . 
by llonUan I\nd IHgorgno a. woll in tht1r merurem.ntB on MO(OO)6 and 

~10(CO)J(PC:13)3 ('l'~hle 5-14 )]. 'Î'hlll may be 1~t8rpratod al .vid.ne. that 

therf) 1s 11 t.Ua (1hnnp;o ln th"Ga M-CO n-olnotron tranar.r From m.tal to 00 

1 n tho phoophl ne ctertvl\tlvG compn.red ta the Mo( CO)6 maboule. tevid.ntly 

ally t'nCrf}IU~9 ln tllo ~l-L 0 bondlng due ta withdrawal or cha.rg. by the 

h1p;111y olflctronop;ntlvo chlorine ntomJ 10 roughly oomp.naahci by a deor.a •• 

ln N-I, n bondlnp; no tha.\ tho expected decrea •• ln th. M-OO " bondin,; upen . ~ 

nuhAU t.uU on 11000 not ooeur. 

t 
MoroovoT, ~nllk6 the l\\I~ vl\lu •• and U~e CO frequenc1tl, no .ffact of 

l~r.a.nd ùpon tho lntogratod int.nalt181 la .vidant, lnd.1Mting that ,th.r. 

h oBoontiall y no rhango ln th, extent of M· CO " bondlng ln the. thr •• 

BubalHulnto. l'Cl). 1'( r,61:5)ra2 a.nd p( C6JrS)2Cl. Thi. ob •• rvat1on .tron,ly 

t1uggeota thllt. the deC1'811 •• ln CO rrequ.noy 118 on. 'go •• from PC1) to 

~ 

~ 
-<1 

.'.1 

J 
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fl(d611.5)~C1 IiIhms 1II&1n1y t'rulll & ~hHllt,,"lng of th. 00 u bond •• nd ~t (l'b" 

Iln thur"A8e ln t1 bculdlng. The fllot. thllt t.htft 1. n~ IlppHCllllblll dhaftll 

ln thE! lnt.enelty rAtios 81ther wlth the t.h1'88 l1pntil (tabl, '-16) f\ll'\hll' 

supports' thh conclul'liotl. ~1thou~t/thhl 18 not. the àlPeot.ad t.lult. 

dmllllr ~ol1t!lurÜonA ctHl~ernlt1g M .. P bondihg ôhtll\\otèl'ht1ol1 hAve be.n 

65 75"70 repo~tett. 1 rt ehould bg eltlVhluhed, howeYer, t.hllt. whtn bulky 

l1p;and ~roUpB are preBent., i t1btlBlty rel':!uHs ahould hOt. b. itthrpr.at.td 

Blmply on the hl'lsh of the tl .. a.ouept.or and g .. donor l1gttnd a.blH ti.-a 'Al~ntt. < 

Geometrlel\l facture, pArHcull\r1y lUI far ae st.erlc dhtort.1on by the . 
Buhet HUent 11 ~A.nd ls (~Uhret'nerl, ehould dao be àot\Bldered. 

Anoth~r tntareet1 n~ A.eper't or r.o-lntene1ty AtuMts on 1118t81 .. pho.p~1,n. 
, 0 

cl\rbon,ylR \1'1 wlth pho~l'l1tt1e .. Uke llfÇA.ndB Ruch !la lll'Illnefj and Bt.1binel. 

wH" pho9phoruR, ::trBenl{~, Antt ~ht1mony (or wtth IÜllcon, germ~nluln and 

tlt1) donor 1 \R~ndn (Tablee 5-19 a.nd 5 ... 20), h~"gYel', no gen8l'd trend. 11 

\ 

l'rom ~ oumpAd Bun or the 00 frequenolee a.nd half-lnt.enaHy band 

\ofldthR for the Berlalil of ..:!.!-Nn(OO),.Lnr (l()mplextli cOflt.a,lnin~ trlphenyl. 1 

phoephitlP, -l\rAine, I\.nd ~BtHli.ne Hgatlds (Table 5 .. 10), 1t lB olear,t.h8t 

there 19 no nhvlou8 trand. tt Appellt'El, tl1ereftJre, t.hl1t t.h.ra 11 elth.r 
1 

tlO d\rfpt'alll!O tn the 0- Ilnd 11 .. bondln~ Ah111 tiee ln t.h. thr •• H~and. or 

, th~t Rl1'y dHferenceB in 0 Rtlll 11 bondln~ oomplement one anot.her (1., •• 1 

deC'rq:UHl ln tl bondI Mp; i n ~n'y OnA Hf(I1nd mlly he (Jompanrtllten b.y An 1nort •••. 

t n the hnpe or ,,801n1n8 lome more lf'1rol'lllaUon 

('otwernl np, t,~ hund!-nft, ollA.rar.t@riatioB or the t.hr.e l1fiCAnd li , w. deold.td 

lo mel\hUre the ft) lntenettiaa or th. tot.rllcarbonyl complexe, • 

'. 
• 

. . 

c 
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T.A3I3 5-18 

I~ra:ec! ?nqur.!e1es. lialf-Ilrtes1V BalI! .. ..dths, a::d. ~.,lJZte ~te4 jl:J~ Int.ms1U .. ~rr: t!Ie (Xl ~ "~ et( ~ 

~s-F::(.'::O)4Utt OcII:;;lle __ !I U .:::.-~ Scùtrt1.oa 

., l;.t.- S. - lfJ" l'I~l ca-2 ~ lit 
'fanal -"1' -1 <;: nlllCft- itasell-

Cccçùs lIÔde Cl CIl Ra.:sa.y ,1 ~ ~~ P!aa 

~-.a{OO}4(P{C6~5})]sr .oru -----ZOê9o: 2.66 1.& (! O.O)J 1.61 (! a.Il) 1.6) (! a.:u} l.Q C! G.09} 

~~OO) .. [~(C6HS})jBr •• (2} 
2091.~a 2.60 L.58 (! O.02} LS1 (! 0.06) LSl (! Q.a6) LSl c! O.Q5} 

.sr~CO)J~(C6~»)jir •• (2) 
2'Oe?'·S 3.06' 1.87 (! 0.06) 2_00 (! o.'n) 2.02 C! 0..12) L96 {! <1.:tal 

~~.:l(OOJ. .. l?(ClfS>~ .0(1&) .. }.~ (! o.26) )'''5 (! 0-.29) ).)I! (! -.nl 2024-.6' .5-8) ).25 (- 0.11) 

~!'!:l, Cl) ).[A.a( ~lf5})}r .. (~) 6.00 .. -..20 c! o.-.z) -"l4J (! CI.IIa) -... (! ,G..)I§) 2C?J-7 3.91 (- 0.17) 

~OO) .. lsb(C6RS»)jar .!(1&} 202l.-6 .5-~ ).J4 C! C1.11} )..62 (! o.Q9) ).~ C! o.nl )..,.. (! CL.ll} 

1, 
~n c! Q..26) 5-15 c! 0.,52) .s.ez c! .. ,.} .s." (! •• ~ ~~CQ)Jp(C,~}))r .- 2006., 6..S3 

" 
d~a1}~&s(c,.~~}~ .- 2Cll.. .. 6,.~ 5-Zl (! -0 .. 1.) 5-:t5 (! o."») 5-:t) (! G.J7) ~ (! Ct.2f!) 

, 

s.,.a-.":n{ Cl» J. St!{ ctfis) 3}r .- 2009.2 6.!l .5-S7 tt 0.22) 6..aI (! 0.27) 6..09 (! Cl..JO} '-et {! s..26} 

. 
..(lt) d~CX)V:F(~~)JJ;.r :t960.! lLO )..!O (! G.Q9) -.Ill (! O.ll) '-or.. (~ ~12} ~'-5 (!e.Dl 

~œ}Jù(~~»).)r •• (1,) 
1962.) 

.. J.'" (! •• )6) 1-SI (~o..)I§) ~ (!tU5) 10.5 ).n (- 0.12) 

~œ)J.Sb(~~»))tr .o('b) 1960_~ • • ....Q7 (! e.2I!) '-'e5 (! c..zl) 10.5 -.Cl. (- 0.09) '.07 (- O.2'6) 
" 

- . .. -' 
• ... ~1a~~1. 

<' 
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TAlLa 5-19 

.... 11'. I."",U'., t. the CD ""'''''''1 Y1'~n" .... r ..... rlM ., "..t.I1.~, 
. CoIIt>l .... wl\'- ..... ,....,... A .... "lo 0114 AMI...., Li ...... 

00II,1 •• "1""' t'1 

Mo(O), 
, ......... 

Mo(OO)~P( C,K,>, a-....... 
Mo(OO),'O(C,",>, .......... 
Mo(O)S'b(C,",>, 

~ .......... 
MO(OO), Qr.l ........ 

~Ko(OD)'['(CZ"S»~ Qroloho_ 

J1IrKo(OO),[Sb(CJ",),Ja 
crol __ 

. Co(t»»)'iO QrolohouM 

00(00)! ':Ol'(C6",) Qrol ....... 
1 

Co(OO)!~AO(C6HS» 0,01 ... _ 
• 

CoC OO)ZllOSb( C,"S).) cr010h0 ..... 

t1-C,II,tln( 00 » Carboft 
4'MIl"" ... 

.".c,",""( 00 )zr( C6",h Carboft 
4 .... 1ph"0 

.".CS"S"n(00)2Ao(C6",» , CaI'bOft 
4h .. l"'14. 

t1-C,",Kn( 00 )2Sb( c6",» ., Cart>on 
dta .. lphld. 

.,. •• t1. In" ••• ',' 

10" "-, .-, 

,.)) 
6.1 .. 

,.6? 

' '.18 
'.10 
'.50 
a..'80 

'.1 
".0 ,., 

. ,., 

".1 

" . " .. 1 

.... 
".1 

• 

• 

• 
• 
• 
1 

1 

• 
...pl 

t 

.f 

t 

t 

~. Q. A. Stone 0l1li a. ~"'. id.. A .... lo Pr.... 1" ••• ~ .. 1'.orie, 11. 1' •• '1912. pp 22S. 129. 

b •••• n .... ln Tabl. ,..2. J t. 

~. L. llrown 0114 D. J. Dann.~, lnom. Ott! •• i. 9'11 (1961h D. J. Dartn.\to_, 

-and T. La. llrown, lno". !?te., Z. 959 (,,,e). 
d ~ 

D. Il.nU ... oncl ft. 1'1 prftftl , pull. los. CM,. !:)!nO!. "100 (1961). 

;a-. to'.UI ••• l'ott •• , • ...... lIM\I. _" .... ib •• • 6.,' UA. 106) (1910).' ~ 
V. P. ' ..... non. T. 1. 'rl11. A. 1 ........ 1' .. ut c. v. atnftPr. IIr ••.• 1. _."1. 

Sb!! •• ~. 161 (lm) • 
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.,.oltto Jnft".lU., CIor Ua. ~ Q) l'n'dalftC "bra\l ... or ... "ri •• or 1 ...... ~1 

Coapl ... t! wUh Phoa,..onl. 11 \taon. 0. .... "1... • ... fln Llftndl 

,.(00)5 

,.(00),.r(C'"5)' 

~.C5H5~·(OO)2S1C1, 

n-C5".s'I( 00 )2C.~,' , 

n-CSHS'I(OO)23ncl, 

~' 

' .. d.rhlct ln Tabl. ~2. 
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'l'ho ~-Mn«(Xl)4Lt3r lL • l'(C6"S))' Aa(c6HS»),/'s,b(C6"S)'] Molecul •• 

hnve an octnhedral atruoturo with a cb arran,ement of the L an4 Br -, ~ 

groupa (r.'lguro 5-9). Thil conr1gurat1on nsul ta ln tOJ'll\al C~ ay ... try 

for whtoll group thltory predicta four 1nrrarad-actlve 00 atntchlnc 

froQuonc1oD (JII' + Ali). Th, four mod.n Aro very 11a\llar to thon in the 

~-(""'ll1f3M( (0)4 apoc!oe. 'the ~ pb.1r of OArbonyla ahould. she ri.e t.o 

Il Honk uymmotrl0 A,(2~ mode (Anal"goue to the A1(2) mode of the ~ 

~1I0N(r.o)l~ mol(lculo) And to a atronp; Ilntioymmetr1o Ait atrClt.ch1nS .. ode 

(Ilnalap;ouEl to tho ~-r'7118~I(CO)4 .81 1110<1.). ~. carbonyl 1!:!!!.!! to th. L 

~roup nhQu ld p;l vo lA l3ymme t r! CAl ( la.) mode of medl Unt lntenal ty and th. 

cnrbonyl trnrll.1 ta tho lIr group ohould produco I\nothor aymmetr10 ". (lb) 
---' . 

modo of comp"\l.'llh1t! tntonoHY (nguro 5 .. 10). The 1nfrarad apaotra .hON 

rOllt' woll-ronolvod bnmls BD expocted. 

l'oufll t>l 0 rl,eolp;nmnntf1 for tho lnrrared spoctra of the ~-Mn( 00 )4LBr 

opodon woro made on the basi&- of tho eimllarHy of tho vlbr .. tlonal "odea 

to thOGO of !1..9.!:-f''!'llr{:r( CO \, ThUG, the hlghoQt frequoncY'absorption ",aa 

nOGlgnod lo tllll AI (2) modo Md tho mOtit lntonn. peak Ma8 &aalgned to the 

Ali mode. Tho Rrontor 1ndudlvlt chllrl1ctor and lower n-bondlng abHl ty of . \ 
t.hn brümldo compnroc1 wHh the phoophln., a.rain. and aUbln. led to 'the 

, 0 

ur.s\gnmnnt ,or the lOWOGt _ frequoncy peak ta the' A' (lb) atretch1ng' m.od.~ of 

tho C'nrbonyl t~llnt;! to th" bromldo, and l,eaving the A' (la) mode to the 
, . 

romlllnlng.unRnal~n~d peak. Theoe n.Bs1gnmonta have now be.n verif1ed by 

" 

an lnfrl\r(ld spod.rl1Elcoplc study-»of tho exchanp,o reBcUon.' of ~-Mn( rx»4LBr 

wl th lJCO n.od subsequent approx1ma'te force conatant calculatlona.19 

Tho CO lntonslt1oG for the c1s-1~n(CO)4Lnr complexee &re preaented ~n 
o , 

Tables 5-17 und 5-18. A ~ompar1son of the reault8 showa that, aa for the 

; .' 
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F1gure S-9. Struçture of the ~-Mn(OD)4LBr Molecule [L • P(C6HS»' 
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Figure 5-10 '. 
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CO.frequenCles a~ h~lf-band wldths, the intensit~ value~ with L • P(C6HS»)' 

A8(C~~5)) an~ Sb(C6HS)J are v~ry close. So, lt ~ay be taken th.t th. 
'. " 

, extent of Jlletal-l1gand TT bOnd.~ng ln phosphorus, arsenic and antilllony 11 '\ . 

. essentially the ~me. - In èonfluslan, thérefore. lt appears that::$h the .;: 

·o-donor and the n-acceptor propertl~s of phosphorus. arsenic and an lmony 
9 ' t 

r\owards,manganese are equivalent. 
41 

_ pther workers have reached simllar conclufalons concerning the M-P, 
a .. ., " .. 

M-As and. ~~-Sb bond strengths ln lnolybdenulII and nickel complexos. Specl-
, --'44 . t~ . . 

f1ca11y. (1) CO-f{equency studies oœ ~rlcarbonylmolybdenum compounds 
, 

?On~lnlng triphany}phosphine, -arsine.and -~tlb1ne ligands and (2} 

80 
~lpole-moment m88surements on complexes containlng Ni-P and Ni-As bonds 

have 1nd1ca.t~ that the differences in lIlultlple bonding capacities of, 
) , 

phosphorus. arsenic and antiltlony towards a transition me,tal atom are 

virtually negliglble.f Htever. as mentloned earller ln the dlscussion\of 
, ~ 

the aolybdenum-phosphlne 'bonyls (vide supra), sterie effects may ~18a 

be importl),nt in the interpretaUon of i'nfrared results when l:>ùlky. ligand 

groups are'present. Thus. ~ometrical factors as weIl às n-acceptor a~ 
- " j 1-

o-qonor ligand abJ.l1 ~les should be consldered When interpreting the 

resült~. L. 

TI-Cyel~pentadlenylaanganese(I) Complexes 

Clarification of the labll1ty of .etal-arene carbonyl4 to tran8r~r 

an eleetronlc eff~ct through the transition ,etaI atoa ls a,8ubject of 

considerable lntere8t~ V1 th this ai. ln minci, several lIOrkers have 
1-

atte.pted to correlate the 00 intens! ties of metal-arene ca.rbonyl 
... 

co.plexes vith the electron acceptor abl11ty of the ring .ubat1tuentl. 
) ", '1;). 

Ne~eyallov !i al. 58 have deâon.trated that for a serie. or . \ 

( 
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' .. oltlo lft\enalU .. tor "'- œ Stn\ 
of C~ 'l~ rr.. ta1-Cyclopent.adlel\3' 1.'1.111..-u' 

S,.c1t1c Int.enaU/ 

. ( CoIIp1ex Sob.nt. 10" "-1 èa-2 Ref.nnce 

.. ' 

... 
"" , CpMn(oo~ Carbon ;, 

CIl 
~t.rachlor1de 

1 
' ....... 

Cp • ft-C51s • ~.8S .=:;.. 

Cp • n-:c,H.,CSH4 4.86 

Cp • n-C6HStH2Cs",. 4.8) 
d 

"\ • 
~ •• ~~Cs"'; 4.50 

~ Cp • n-C6HSOOCS~ 4.59 ...... 
Cp - n-Cf' ,a>c,", 4.14 1 

Cp - n-(~KS)2l:s", 5.0S 

~ • n-C(CH»)(~6HSao)~H) ".7S ~ 

Cp • n-(~HS)2(~OO)CS"2 ,..~ . ~ 

Cp - n-(~HS»)(CH)OO)CSlf 4.94 
J " Cp .~(~HS)4(~OO)ÇS 4.97 t 
1, 

,. . y n-(CzHS),.CSH j, '.)0 

~( .. i) · Carbon , 
tet.n.cblorld. 0 

~ 

Cp - n-cS"' 
,.)6 

Cp • n-~OOCSH,. 4 .. 92 l .... 

Cp ~ 1I-C6HSOOC,",. S.14 

~. F. A. "t.Ue ~ 1. Paul ln "A4'1&ftcel ln ~t.a1110 éheatatf7," Vol. l, 
~ '. 

r.' c. A. Stone .... 1. V"'. Dl •• A.""O Ph .. , Inc •• !fe. Tork, If. t •• 1972. p.- 211. 
l ' 

b .. 'eU'" ,.. Table ,..2. 

.1 ., .. 
. " 

1 

loloboYa, UIl IC. N. 'l!1a1now. 
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,Speo1f1o.11'\eneltl •• fo~ \M CD S\ft\cI\lq 'I1btaUona 

or "Soa. Sert .. Or ll'ene-0mMa11la Carboft71 ~.ft.a 
" 

" "'t--
Sol .. n\ 

Spec1t1o la\e'n.1\J~ 
10" "-1 ca-* 

."6H4alOQ1,~(m), !) 
~ • !"oooœ, 

" 

6.0'1 r 

""-

R • l-(X)()QI) -. 
R .. ,t-Cl 

R • !-Cl 

a ·l-Cl 

• • H 

ft .,t-~ 

a .... œ,. .. -;. 
Il .; l-OI) 

ft • ,t-OCH) 

R .!-O~ 

C6"6Cr(OO)) 

(~H5)6C6~(OO») 

\ , 

.. 
l 

",.n, 
• '.1) 

"'.5) 
....2) 

'.0) 
S.O'1 

" '.)0 ... 

S.?) . 
. ' ,.60 

S.20 

r .... 5O 

1. '.)1 

~ 

" 

(> 

• 

4 

l 

F. C. A" St.one an4 R. V.n. Id., ACIId .. lc Pre .. , lab •• "n 1_. X. 1 •• 1972 •• p 221. 
1 • 

" ' 

b Aa d,t1ned. ln Table 5-2. 

ca. nop~ aJII! 1. ~oeclc. InG!J. (:he ..... Z. S?9 (1968). 

cla. D. naeber, SR!c!.I'ocM.. Astt, 12. _ (196). 
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t'n-eyelOpertadienYltrica.rb?nYlmanganese(I).k -rhen\u.(I) derlvative .. th • . , 

,specifie 0) intenalties decreaae with the ~lectron accepter abUl'ty Of the 

. ri ~g Bubsti tuent~ (Table 5-21)." That ls, the ele..è~nlc .rf'écta on' t.h. 
l "" 

cyclopentadlenyl ring are tranamltted to the central .etal atoa and then 
, 

to the CO groups. This 1s ln contrast. to the observations of Klopman ' 

64 ~ ~~ and noack on a seriQs of suùstltuted benzolc-met~yl-eat.er trirbonyl 

chromlum derivatives (Table 5-22). These workera observed. only sma.ll 

variations i~ specifie intensity which could not be correlated with the 
1 

b 
/, 

propertics of the su stituents. ( 

, 

. 
In this work, the Œ) intensit1es of two rlng-substituted derivatlVeB 

04 n-cyclopentadienyltricarbonylmaneanese(I) were measured. 
, 

Ume, the CX) and CS lntenslt1ss of the' th1.ocarbonYl complex, - ~ .. 
At the salle t 
n-CSHSMn(oo)2CS ' 

were ntudied to see if we could say somethlng about the relatlve bondtng 
----" 

propertiea ot~ and CS.' Thloca.rbonyls have been known s~nce 1966, when 

131 ' ' 
Baird and \Hlkinson synthesized ~-Rh(CS)lr(C6H5»)-kx (X - Cl, Br). 

/ ' , !lowever, as yet, there have been na Intenslty studies ta deternlne how . ;. , ' 

r..s cdmpoares to CX) as a 11p:a"ld. t'hyslcal and chel1l1cal evldftnce Indlcate. 

that CS 18 both a botter 0- am:\ n-bondlng ligand than 00. 82 ,8) . 
The n-Rc5H4~ln(CO)) (R • H, CH)) molecules have a plano-atool-type 

structure )2 (?lgure 5-11). Moreover, sinee there 18 free ~tatlon or 
the cyclopont~lenyl ring about the,aetal-rlng'ax18 (lrrespoctlve of the 

~ ~ 

nresence of substituent~on the rlngJ2 ), the .o~écule8 passes. C)v 

sylTllTletry. Two lnfrared-active 00 fttretchlng inodes (Al + g) are expected 

for structures of thls type. The =!! carbonyla ahould glve ri .. to .. 
. 

symm~trlc At stretchlng .ode and a degenerate E .ode (Figure .5-12). The 
'JJ 

spec;tra show two well-resolved band. ln accordance wlt.h the group 
. 

theo~etical predictions. r 

j 
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8, 

The thiocarbonyl complex, n-C511SMn(cO)2CS, al80 haa a. piano-stool-

84 " 
typo atructu:- (Figure 5 ... 1) and the local .ytAMtrr of th. Mn(OO)Z(œ) 

, 

molety la Ca' TMO lnfre.red-actlve 00 stretchlng fnquenc1ea (A' +"A") 
j 

and one Infrared-actlve CS ~tretchlng frequency (A') ahbuld b. ob.erved 

'" ,1 

for auch an arrangement. The ~ carbonyle ahould give riae té a 

sYMetrie A' mode and an antlsymmetrlc Ali mode. l'ha thloca.rbonyl muet 

of neccsslty produce a sy~etrlc A' stretchlng mode (~lgure 5-14). The 

Infrarod spect.I'um exhlbits the anticlpated rêeultsl two ,well-réaolved . 
, bands 'ln the 00 stretchlng ,raglan and one lso1ated peal:t ln the CS atretohlng . 

region (1350 - .1200 cm-1). 

The 00-lntensity data for n-RC5H4Nn(OO») '(R - H, CH3) .and, 

n-CSHSMn(OO)2Œ are ~lven ln Tables 5-2) \a.nd, 5-24. The ~p~~ i;tenalty 

of \ho tricarbonyl m~lety ln n-r.5H5~n(CO)3 ob,taln&d by ~.m~Y'B methOd 

i: !!-hexane (4.92 x 104 H- 1 cm-f ) agrees~ W'1th Nesmeyanov et al'~"a5S 

( . 4 -1 -2) value 4.85 x 10 M cm obtalned by Ramsay's method for a more polar 

solvent, carbon tetraehlorldel howover, it. ls 80mewhat hlguer than the 
. . .. ' 72 

value rep"rted by Anderson et al. ln carbon dlaulphlde solution 
, ' 

( 4 -1 -2) 4.19 x 10 M cm 1 .' The low value ln the Anderson st\ldy la not aur-

prls1ng slnee they evalùated thelr absolute Integrated lntensltles by 
, . 

, ,f, 

taklng the mean of several apparent Intenslty meas~ments," while the 

Ramsay results ln thls study were obt&lned by taktng .the Mean of a.veral.'" '

apparent lntens! ty det,.m.lnatlons and then adding 2~ (Vide suprà, pap 39). 

In order to mako a mea~ul comparlBon belween the two etud1es, 

Anderson's value was Inereased by ~. 
\ . 

A~erson's adjusted v~ue for Tf-C~H5i1n(ro») (5.01 x 104 M-1 ca-2 ) , 

cumpares very weU w1 th the correspondlng reBult ln thls atudy. even thoUCh 
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Ifttnnd ~~nc:1 ... Hflf'-Int.aau,7 !and V14tha. &D4 A~lvte Iftte~~ Ab.orpUon Ifttell.Ui •• for theco, suetcb.1nc flbftUOM or 
t.'\. (n-C1c1~nUd1e:t71)Xn(CD») Cospleaa and for the CD &D4 !:s Stretchl~ Ylbra~10n. or t."Ie tn-c1cl.nta41eft11)r.ft(OO)2CS Cor,Ilez 

~ ~ --

~onal 
Coçl_ , Sob.Dt .oSe 

n-=s",.~ft(CXI») !-He .. ne Al' 

" (n-CHf I-'Xa( CX) 3 ,!!-H ... ". "1 

wr:-CS'iSJotft( al )2CS Carbon 
( 41.ul~ A' 

1I-C,HSKaCOO), l!-Hexane 1 

fn-CH)C~)ftftCCO), ,e-H.DIW K 

ff-Cfi"aC CO)~CS c..ncm 
d1aul~4e ,.-

.... . ' 

Sob.m J ~l 
eo4e eo.p1et 

c.noo 
4balplWle A' 

..c/-r'-CX)2CS , 

.-
• Aa ~lM4 la 'fable S-1. 

'fttfliti'f71Wkdt.!r\i4; 01 'l ,~~ -=-~l ! 

Vaax 

-1 
CIl ---

20)0'8 

2026'7' 

2009'·1 

1~'6 

19Wf·S 

19S6'9 
~ 

" • II&X 

ca-1 

126)'8 

CD .'O::r::s 

. t-
bit 

CII-l 

1.86 

1.91 

S.6, 

•• 11 

6.60 

8.00 

cs P!OŒ 

t-
lsvt 

da-1 

~ 9.105 

", 

basa7 

,.6S (~O,05) 

).77 (! O.O.~) 

+ ".62 (- 0.09) 

U.1 (! 0.2 ) 

11.2 (! O." ) 
"6.~ (~ 0.1) 

....... 

~, 

-' 

05.'-2 (! 0.1) 

" ... 

Et • - 10" ,,-1 ca-2 

Wilson
Vell. 

l." (!0.28) 
+ . 

)." (- 0.)6) 
} 

".92 (! 0.17) 

+ . 
12.0 (- O.) ) 

'12.6 (! 1.' ) 
6.56 (~0.2)} 

ha .. u-
Tbc.Irp.Ott 

).80 (! 0.)2) 

').,' (! 0.)7) 

- + "f1 (- 0.20) 

12.1 (! O." ) 
'12.8 (! l.S ) 

6.68 (~ 0.29) 

K,-· 10" ft-1 ca-2 

V1aoa- JhaaeeU-
v.u. n-p80ft 

s.ee (: 0.18) 05.99 !! 0.22) 

'" { 

,.... 
).". (! 0.21) 

• • '.62 (- 0.26) 

... es (! 0.15) 

11.6 (! O., ) 
+ • 

12.2 (- 1.1 ) 

6,~ (! 0.22) , 

.... 
5076 (! O~.) 
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the measurement waa ~ken in a more polar Bol vent I(carbon dlaUlphlda). 

The close agreomont in lnt.nBity valu •• 1n .11 threa .ol~nta (l •••• ,n
h.xane. oarbon tetrachlorlde and carbon dlsulphlde) .U'ggeata t.hI.t there 

18 little if any dlffarerice ln solvent effoets upon the lntegratad 00-
~ 

lntensitlen,of n-C5HSMn(CO)J ln these Bolven~8. Apparently. Any lncreaa. 

ln band wldth wlth the lIlore polar solvents 1.a roughly comp~naated by .. 

docrenso ln penk height: This appears to be'the cas. for other ayat •• a 

otudied her~ ns well (vide supra, page 68). ln vlew of these reaulta, 
! , 

1t i8 evldont that oU!' CO-lnte1\slty values for n-C5tfSMn(OO») in n.:.heun. 

solution May be reliably compared wlth those for n-C5"5M~(OO)2CS ln carbon 

dloulphlde solution. ) 

lIowever, a word of caution regardlng comparlaon of 00-lnt.nalty " 

measurornentn ln dlfferont solvents ls ln order. A notable exception ta 

the foregoing conciusions regardlng solvent e'fects upon OQ-lnten.1tles 

15 the behavlour of cyclohexane. Fl~che.r's56 value ,for n-CS"SMn(OO») 

(4.01 x 104 H-1 cm-2) o?talned by Ramsay's method ln cycloheune solution 
.,.. 1 

ls considerably lower than Any of the rosults cited above for .ore polar 

wsolvoAts. Slnce similar behavi~ur ln cyclohexana solution W&S observed 

ln other ~ystems as well (vide supra, page 1), the de~se là oona14.red 

to be slgnlflcant' and lndioatea that solvent effect.'upon CO-!ntenaiti •• 
• 

\ . 
should be regarded when comparing lIleaaurelllents ln differont solvent.s. 

eàpeclally if one oC the solvanto la cyclohexane. 1 
, 

The specifie 'CO-1ntenslty 8ee •• to increase ln 8Ql~g ~rolll n-CSHS·c, 

Mn(CO)J (5.16 x 104 M-1 clll-2) to n-~)CSH4Mn(OO») (5.28 x 104 N-1 ca-2) 
f i 58 ~J 
ln agre~ment wlth the conclusions of Nea.eyanov et al. ~t eleotron1e 

effects on the cyclopentadlenyl ring are ~n..ttted ta the central .. tal 

atoll and 80 to the 00 groupa (l,e,. if t.n.naa1aa1on of el.ctronlc Ift.cta" 
CT 
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on the ri fIg to 'f the 00 gro S occurs. then one-MOuld expect r ~ ~-bond1~1 

t~ ••• v.lëlltY of •• tal t"-electron donait >!Ould 'ln.,.... .. arguments that 

w1th the d'Onor ab1l1ty of, the ring 8\1ba.tituenta). Sinee .. lIIethyl poup 
~ , / 

15 n botter 'eleetron, donor' ~8. hYdr~gen atom. one l/ould. ~nt1e1P&t'. a 
, -

smnll lncrease ln 00-ln't.Gns1ty wlth the methyl-aubatituted d.er1vative. 
. , 

However, lt should be kept in ~ that the érrora 1n the 1ntena1ty 
. , 

me&suremonts are Guch tha.t the .two values for n-CSHSMn(.ro » and n.CH
J

C,5"4-

~ln(ro)J overIa? and t\O ho d~f1nit1v~ conclusions ma.y l56 ·d.ra~n from the.e ' 

l'eti\~ts .. lInfortunatoly, ~le!lmeyanov et al. did not l':ive, any ellt1~te of -

tho Ol'rors present ln ~hoir measuremontB. 

. , ) (6 4·1 .2) ~ho cpoc1fir OO-i~tons1ty of'Tl-CSIISMn,OO 3 5.1 x 10 M cm 18 
, : "" ... 4 0_1 -2 

5ir;nit:f-antly lowor th~n th~t of Tl.CS!!5Hn(OO),CS (5.66 x 10 M cm ). 

'l'his may refle~t a e;reat~r Q-donor abll1 ty of CS over -00 or a leSlJer n-

t 

o. ' 4-
acceptor ab 11 lty • or both. Itowover, the specifie CS-1ntensity (5.76 x 10 - -

\ 

N'-~ cm -2) .of 'n-C5H5Nn(CXJ)2CS 16 compa.rable' ta the specifie 00-1ntens1ty . 

(5.66 x 104 It1 cm-2 ). This may be ~kon as direct evidence that the ~ 

n-aCCe{>lor nbili ty of GS ls nt least as gaod as that of 00.' It neceaaarlly , 
\-/' 

fl)llows tl1at the lncrell.se in specifie 00-lntens1 ty ln gaing f,ro!" n-CSHS•. 

Hn(CO)) to n-?SIlSMn(OO)2CS 18 due.eol,ely ta ~he greater o-donor ab111ty 
r . 

of CS over 00 'and not ta a 1e88er Tl-acceptor abl11ty. 

Uipolo mament derlvatlves were oalculated a8 prev10ualy deacr1bed 
r 

25 ' 
,bY Daronsbourg using the 1quatlan 

(24) 
9 

",here Ir 18 thé total measurecl Intenal ty fQX' the 00 or Œ' atretchlac 
, . 

vibrations (obtalned by the Wilson-Wells extrl.polatlon) and 1a de-f1necl. a • 

, 
---, . 

.. 

1 ,) 

.... 
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Gtt 11 the term' repreaent.~ng the.,lnverse mass,of the 00 or CS lJ!'Oup1". 

(baBad on stamic maBa unlts) and ls equal to 0.14585 and 0~11444 for the 
, , 

'00, and ~ ~ups. respectlvely. ~ ML ~ the respe~t,~ve change ln group 

'dlp~ moment wlth symmetry coQrd~nates (defln.a as the ,ffective group 
, . 

4- , 
dlp&le moment derlvatlve lnvolving both MC and 00 or CS atretchlng motions) 

'"- • • Q. 

... 

/ 

and 18 ltXprèS8ed in arbl uary uni ts. 25. 
, ' 

Th,e, ~ MOO's, 9.10 and 9.51 for the Mn(OO)') (where :1'1' • 2.30) [E
A1 

+ E.EJ 
x. 10~4 ~ 2.~OJ [J.77 + 12.0J. )6.28) and th~ Mn(OO)2cs (wne~ JT ·'2.)0) 

tEA, ... + EA .. J x 10:-4 ,_ 2:)0) [4.92 ~56J - 26.4) mpieties, '\reBpéctlv8'ly, 

agrec closoly with lÀI.rensbourg"s values obt~lned ln molybd~nulll (9.00.), 

éobalt (7.56). i~n (1.74) apd iridium (7.7~ SUbstituted'car~Onyls.~5.68,69 
• 1.0 , -4 

liowever, the H HCS,fo.r t.he r~n«X))2CS (where 1T • 2.)0), EA' x 10 • 2.)0) 

L5.88J - 1J.5) species, io. 9, is SUbstantial~~ larger than these. This 
1" .. 

lndlcatos that the n-acceptor abl11ty of the CS group ls conslderably . , . '\ -, . ,. 

greater than that of' CO ln agreement w!th lIo1ecu1ar orbital' 'calculationa 

on the CS and 0) 1Il01ecules~"aOd a1so wlth many other experi.enta! datal 8) 
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SUMMARY AND PROSPEcruS 

'ffI 
• ,,~ <.3' 

Integrated infrared lntenslty aeasurements of·the 00 stretchlng .odes , , 

: .. 
ln transitIon lIletal-carbonyl oollplexes have provided useful lnf~t10D 

'" . 25 54-73 
concern",ng the electronic character of the coordinated 00' group. ' 

. ~ 

The intensitias have been &~own to be highly dependent on the ~eléètron 
6 • . 

denstty in the M-oo bond. 25• 5 The work in th!a thesis constltutes an , 
j ~," • • 

- 4 

,addit~onay study ~f the Infrared lntensi tles of th!! 00 sbt,tchlng abaorp-, 

tions o~some group VI and VII lIletal-oarbonyI·oOaplexea •. The Int.egDLted 
, , 

, 0 

v inter.slty results were 'used as a hasls for a further investiptlon of the 
" . , , 

0- and "-bonding abI11~les of the v~ious transitIon aetals and'~isands 
(,) 

ln these complexes. 

. The results of thls study also denonstrate the ut!lity of integrated 

Intensity meas\lreJllents ln a,ssesslng n-electronlc delocal1Batlon .. in trana1-
• 

tion metal7"thlocarbon~l 'co.pounds. The fint aeasureaent of the int"rarwd 

Inte~sl ty of a CS stretchlng mode ln a lIet&l-th'ioœ+bonyl co.plex Ra 
~ 

report.ed here. The intenai ty ~stlre.ent!\ aM the calculated dipole 
, " 

(':20 • ~ 

moment derlvatives reflect the deaands aade for n-,lectron de~alty as ' 

weI) as the ava~labI1Ity of n-clectron densIt1 during a Ugard. stretchI", ~ 

vlb~tlon. FJ:oIll a collmarl80n of the 00 and, çs reault. in thé n-CSJiS ...... 

l~n(ro)2CS lIolecule, it ls cl,ar that CS h~a a greater Ti-kcêep~r abill~1 

than 00. ln 'acdordance with aolecular orbItal calcul.&t.iona on the CX) ani 

CS lI~lecules82 and .. ny other experiMhtal flndinga.8) , ~ 
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An lntrlgul~ aspect of tranaltlGn •• tal-thlocarbonyl .chea1atzy. 1n ' 
, 

vlew of the great alml1arity ln bo~lng propertle. oC 00 and CS, 1. th. 
. , 

aurprla1ng dirCerance ln lnf~ f~t!e~èy .t11ft. (bo~e4 11~nd .. ~.ua 

Iree ligand) of M-oo and M-CS bonds. 1) Whereas the 00 s~te'tohlns Crequency 

~ of free 00 de~sea rrom 21~cm-1 to approximately, 2000 ca-! (~etl'e. 
to as low as 1850 CIl-

1 ln the case of terminal 00 Qonding) upon cOonUna-
" . , 

tion to a transition metal atom, it appeara thatothe CS atretch1ng 
~ ','" 

frequency' can both IncreaS8 a~' decrease (i.e., the ~~ge of v,~. stretch- ~ 
~ ... , 1 

Ing frequencles ln lIletal-t~locarb.onyls ls 1)81-119) cm -1) wfth respeot to 
~ 

, 1 - " 8S S) 
the frequenc~ of "-rree" CS (1274 CJÏa~n trapped in a Œ2 matrlx ). 

Slnoe. n-backbonding Is almost cert&lnly present ln m~-CS bonda, It la 
1 ~ ~ 

apparent lhwt'frequency values alone cannot lead tç me\nlngful conol~~n. 
aa to the relative n-acceptor abl1liy of the CS and OC grouplngs. An 

# .) 

Interestlt'lg pro.iect for future consideration would be ta attempt to .. lsaua. 
" 

{ 

the relative extent of n-electron deloeallzatlon ln transition metal-

thiocarbonyl coMplexes on the basis of CS intensity measurements. 

CS-intenslty studiels would'also penit comp&J:lsona betwe,EV'inalogous 

series pf lIletal-carbonyl aiKl aetal-din1 trogen complexes." Q . . ~ 
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(1) 10 OOl'tPJI'! TM! ARIA UIfI)!R TH! APPA.UN'I' OPTICAL !PSITt ami 
(rac»! U':O VSIC:rr 'D"TA) 

(2) ta D=."'T1.~'I~ TIC APPA!ŒIfr IlfTm:tA'BD 'l1S01lPl'1'OII IJt'lNSm 

DiScalPTIOM OF PARA.~ 

J ,. 
ft 
PL 
VK 
cc 
c 
CP 
V 
ARi" 
AT 
T 
B 

• 1 h!lœ 
... (X)tIC.'CS 

• CALIBRATION OP' R!OO'MIt (C4-l/INOf) 
• SA!iPt.t rAT!'L!~ (~!) 
• Y.OL~J1.AiI vutin' 'SOurn (CM) 
• OO!f~ (~ sown/LIT~ SOL1JTIO-C) 
• m'le (RILLl~LSS SOWn/LITë:1t SOLUTIO') 
• CALI~!ATIO~ or ~~A,r PA~i! (G",I~CH) 
• mcnr 0:' SAnD (Cil) 
• AR!A \1'f~ APPARS:vr OPrICAL lB'lSm OJRY~ (0.-1) 
• A~SO;{'A'la AT BA:'D KAIlr.uK (10 l'ASI 1_> 
• LN(y;/T)Y~Al (O~ 2.")·&1) . 
• APPARi.-:t' Im'l'CRATED IllT~:srrr (l'-' CM-Z)·l'· ... 
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Prou" II 

"0 
c 
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c 
c 
c 
c 
c 
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c 
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PUJUIOS! 

~:~ 1'0 oo~'V'm F'AO" TltANSltI'M'AIf'3 !O omœ DPSm YALl'D 
1'0 ro~PUTE T'I! Al'SA UNDtH rn APPARtIIT OmCAL œam OJIn 
BY SI!"!'SO'f'S !li..'LS 

() 1'0 Im'!R~l~ T}!! APPAR~ I~AnD A~SOUTtO" l'f1'Z~m 

.', POI'ITS !!~StJR~ 
• CALIDiIO': 0'" ft::OORD::~ (QI-1!IIICH) 
• SAK? AT!ft~TH (KM) 
• t''';>UC\I AR "lnC!IT sourn (CM) 

~DIH 
R 
PL 
liK 

.CC - • (X)'fC'1 tt: SOLUT!/tIUR SOWrIO" 
, C • OO:lC1 ("ILLn;oL~ soum:/LIfü sowrlO~) 

IC • • ro~IC\"S H!:ASU:t~D , 
N • , SECTIO::S VITH A DI~ERE!tl'. IlICRIRS1l' 0:-0 AIl(:UMm 

VALU.1:S l'f A !lA"D 
Hl • • 11."EltYALS/lttr.!i 1" A PARTICULAR SSCTIO" 
H • ItiCREY.~·1T Of ARèmt~~ YALIJ!S (c:,,-l) 
IL • !AS~I'f$ KlASUR3:!) ,.110/1 S!'!crRU/1 . 
PK • HEle,,. or PllX AT ~AJI~l'\ ABSORi'fIOIf 

T
P(l) • POl'rrs TAKeH flIO .. " ClI~n 
_ • T1U"S~'ITTA\J(2 OF BASSLI"S ('C) 

TM • TRA'rS~IïI'ANC! OF nAK AT ttAXI!\UM A,:'SOR?TIO' (C) 
TL • OPTlCAL D:;':SITY OF CJR'/?: AT MAXIMUM AI3SORPTIO'f 

• LN(T~/TM)V"!AX 
Ty(II) • TRA~'SMt'M'A~C~ OJ" POINTS 0' CUflYE (~) 

( ) • OPTICAL O::!fSITY O~ l'OlItTS ON CURYS 
• It/PUr F'JI:CrIO'< YAWlS . 

Z(I) • R3:SULTI'~ 1 "'T~';RAL VAUES (Ot-l) 
SUH • SUM or I!lT?Y:~ALS (C~-l) 
AREA • AR:':A U'lœq APPAR!Io" OPTIC\L D::'fSIT! CU!N! (a.-1) 
B • APPA~~ It.ï~RAT:m Ir:Ti'"SITt (M-I 01-2)-1_-.. 
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rEopa III 

JI\JJUIOSC 
(1) 1'0 DI'1'iRmR THI AlSown t'n'mIATID lISORPI'IO' l''tR'Um IT IAlœll'S 

lMl'tHOD roa OYERLAPPlf:C IA'ID SYST!.'MS (a. ,. JO'f!S, D. A. 1WcsAl, D. s. 
tIlIt, A~U) 1. mlRlm, J. AIt. amN.SOC., -,... eo (19~» 
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Proma IV 

c PtntroSE 
c (1) 
C 

1 C, 
C 
C 

, C 

\ v. , , • # ...):.1' ~,. 1 '1,\{,- ~N<!r~~'_11 
, - ... ~ ~', 

f 
" 

1'0 tlTn:mn: Tf1! AlSOWT~ l'frI!r.RATED AlSOmXON r",.mM Ir 
(A) THE IllLSO'I-VntS EXTRAPOLATIO~ "'.$THOD (1. Il. VILSOIf, JR., AIQ) 

A. J. mu. ,1. CH~. PHTS., 14, 518 (1946» 
(a) THI RUSStLL-THOl1PSO" EXTltAFOLATION t'rt'HOD (R. A. RUSSILL A~ 

H. V. !HOl'.PSO~. SPs:crftOClIU!. ACl'A, 9, 1)) (1951» 

C Di:SCltIP'l'IOlf or PARAK$TERS 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

g. 
C 
C 
C 
C 

'J 
II: 
T 

B 
TERCEP 

l 
CALeB 
D1IT 
01F'F"2 
SorD 
stsL 
SDINT 
soo: 
psœL 
PJjDItrr 

.1 !ANœ 
• 1 IXI'IC'IS 
• (A) OO'C'("ILLI~OL~ SOLUTE/LIT~R SOLUTIO~) (VILSO~-VlLLS) 
- (8) L'I(r~lr)VI!AX (RU3S::U-THO:4FSO"f) 
- APPA~S:'lt' I,,.t';RAT::D ISTt''SIT't (1'1-1 CH-2)-1_-.4 
- I~rrt:RC:;PT • A 
- .\BOOM. l\'TFh!UT!D l'lU''Sm ( .... 1 01-2)-1'-.. 
- A/2.)6) (Ko-1 C:-2)·ul--4 
- B CALCULATto l;'RO~ 'T ~'ID SLOP! (.'-1 01-2)-1_-'-
- œ:VlATlO'l 00:0 l~Cli O~!;~!lVATIO'l '!QIIA1'IO'l 
• VARIA ':c::; OF EACM OJl.SERYATIO'l ~'JATIO" 
- SrAllDARD OlVIArIO:: o~ PAIH:'Tf DISTRIButION 
- STAllllARO O:VUTIO'l o~ stOrE 
• srA«DA~O D~IATIO'l O~ A VÂLU! 
- STANDARD ~""UTIO'I O~ E VALUE ~ 
- • STA~DARD D~VIATIO~ O· SLOPE 
• " STANDARD œVIAtIO~ 0" A YAWl 
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~L'~ 
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c 
c: 
c: 
c: 
c 
c 
c 
c 
c 
c 
c: 
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c 
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C 
C 

~'111 

(1) .1'0 (x)I'.PUU T'lB '!CrOJ OF I~1IAL YlW!S POl • Clm .."IDI8'I'l)l'l' 
TAtLl o~ ru"Cfrote 'ALlIES. '. 

ŒSC3IPl'IO' or PlIW'Sl'Œ 

Il • nE l'C!l~~ O~ Jcul€fr fAUtES. 
t • THi llFUr V:;;crOR 0110 ru"CTIO'i YAWSS. 
Z • TH3 !::SULTI~ V!crœt 0" l'tTi.'CRAL 'ALUES. Z IlAt .1 

1lE'"TICAL Vlf!t Y. 
~ TH! mp.E!lSIOX 011' 'iCl'ORS Y nD Z. \IDI1I 

IiMARICS . 
~ lcnô'l lOf CASE mit LESS THl'l l. \ 

SUBJIOVrI?:ES lOfD ~crIO" SUBPJIOCRAM RiQUIJŒI) 
lI01Z . 

ftZfII)D 
B!:::Î""It;C VJTH z(1)-0, EfAWAnO'f OF VICTOR Z 15 oo~:: DT 
1"J:A'tS 01:' SIiPso"'S RUL~ ror:nlŒR VITH tD1'O"S 'lB !M& OR l 
c:DY.!II"ATIO"i 011' nœ;g n'O JrJUS. TRU'ICATIO'; ZMOR IS 0' 
OllŒft H"S (I.!:., "'Ot:~r" 03œR ~""I!OD). O'n.T n CASSIDIM.., 
TBU"tClTIO"l ::DO! Ot' Z(2) IS O. OiUlllt H."'. 
roB ar-ER~CE, s~ , 
(1) r.B.HILLnRA'iD, l'tI'ROIJIJcrI01 ra ~E!ICAL A!lALTSIS, 

'''X:lU~-l!lU., -r::v TOl:ctroao'üO/Lc"!OO'I. 19S6. PP.. 71-76. 
(2) R. ZUa::tJ::IIL, FitAUISOG XAT1~.ATIK ~!:R Il'lCE'UQJ1lE mlD 

PH'ISIIŒR, SJ'1U~:::a, BZ!LI'f/COETTIlCO/tœIœtJliRC. 196'. 
. PP. 214-221. 

SUBROUrI~~~(H,t.Z.~K) 

DI~I~ l(l),Z(l) . 
Kr-. »»)l)Jeu 
IF'(~IK-5)7, 8,1 

mK IS CEAT~ T'HA" S. P!I!PAlAfIO:fS or l'f1'sz:JlATlOIf LOOP 
1 ~UHl·!(2)+Y(2) 

sur.! -stJlIIl >f5: ll~l 
SURl~e(Y(l)+5U~"()) 
lun.y(4)+"!(4) 
AUll-AUll+A'JXl 
lUll-GU'U-t!:re(!()+AUll+!(S» '\ 
lUlZ-h~·(Y(1).).87se(!(2)+T(5»42.62S·(Y() (4»~(6» 
stm2.y(S)+Y(S) 
SUT,z-Glll".2of5W2 
sur.2-tUX2-RTe(Y{4)+SUtz~(6» 
1(1)"-. 
lUI-Y(»+f() 
lUI-AUX+.wl 'iZe-HTe(Y{2)+AUl+r('» 
l,~ 

Z .. -6\.11'.2 • 
lr(lmn-6)5.5.2 f 
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c 
c 
c 
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c 
c 

, 

tt:tt:!l.Tto'C lm, 
2 tO .. l""l,NDIM.2 
, SUHl~t1n 

8UtI2.ua 
AUII-Y(I-l)+Y(I-l) 
AUll-AUX1+A\lll 
AUll-SUM1~fT·(1(1-2)+AUll+Y(I» 
Z(I-2)-SU~1 " 
IF(t-'1DIK»),6 t6 

) MJX2·T(I)+!(~) 
AU12-AUX2+AU12 . 
AUX2-S:.rU+Hr·(T{I-l)+AUX2'+T(I+l» 

4 Z~I .. l)-SUM2 , 
S Z ~PlK-l)-AUll 

Z NDIIl)-AUX2. 
Rl'l'URlf 

6 Z(:Q)IK~l).suM2 
Z(~I")-Aun 
RSTUll." 
r.tD 0" 1.tf,f~llATIOlt tooP 

1 Ir(MDtK-J)12.11.8 

,(, ,.~,;>,!~lt~·..s.:,";~~'~.~ 
•• " J.-."J'" .... 

~ 

MDII' 15 IQUAL 10 4 OR S 
8 SUM2-1.12S·Hr.(T(l)+T(2)+T(2)ff(2)ff(,)~(,)~(')4f('» 

SUH1..y(2)+T(2) '. 
SUIU-6Uld.-t5U:U 
SU"1-HT·(1(1)~UH1~()) 
1(1)"-. 
AUn-T()+T(J) 
AUn-AUXi +'(ull 
Z(:!)~U:t2-1~·(T(2)+Am1!("» 
1~(~DI".,)1_,9.9 

9 AUll-TC")+TC4) 
Au.n-AUll +AUXl 
z~S~-st~l+HT.(Y()+AUXl+T(S» 

l~ Z ) -SU~:l 
Z ,. -SUr.2 
JU:TUftl'l 

tlDtK IS ~UAL TO ) t 
11 SU:ll-HT t (1.2S·Y(1)+T(2)1!(2J-.2Seor(J» 

SU~-T(2)+l(2) . 
SUM2006Ul<2otSU!-:2 
li)~-Kt·(T(l)+S~+T()) 
1 l ... . 
Z 2 -stIlIl 

12 RSTURM' . 
~D ' . \ 
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~~'tY_ 1. 
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Slope 

• 
t a* 

AVt' A"t 

'1·, 

-, 
dano". th. tnqueaCl1 at. .u1a. 1\IOrPUOIl. 

) 

\ 

.1 

npn .. nt.. (1) \he ~ope of the Ippaftftt Intenaltl ftnua .o."ft\n.UOCI plo\ 

(V1bOl\-V~ll.· .. th04 tOI" 4.t.mft1"" \he 11Itol .. 1lltepte4 lft\eul\J of a .... )1 . 
\ 

01" (2) th. &lope or the a,parent. 1lltefta1tl ftft_ appaftftt. peak opUC*l d.altl 

·plot. (RlIa .. ll-'nIoePlOftb _thod for cl.\el1llftlac t.M •• lut. 11lt.craW 1Dtefta1\J). 

The erron U.t_ an th. atandu4 d • .s.IUoQ ln U. &lope. l'ZOIIl'''\-8Illl&l'n , . - . 
IlI&lJ ... ot (1) the In"ftlltJ TUlua colleen\l't.U. p10tl (Vll.oa-v.ua). Il' 

(2) t.h. Inten.Ul yu.ua peù optloal d.nalt.l plou (IluaMU-'ftIOIIpeoa). 

npn .. ntl th •• ,ectrü .Ut vldt.h It "-a • 
1 

an the true lm: Ipparent h&lr-lntenaU, bud v14t.he. 

" Av; / Avr C ' .. la a raUo «1v.n ln Ru .. ,'. talli. Il, and li ~ .... f\ao\lon or "'j-

t 

.. Ina t.h. ratio ./~vt . 
a1snltl •• the tnq\lenq lnt..rvù Oft e1'thu &la. or the lIand OIa~ ("-x)' , 

oy.r vhl~ th. l~t.esrat.loft ~ perCo~ • .. 

SlçlOn" RIlle. 

elntfthC1 .pectre. .. n ncol'4tcl at.. .. t. l .... t. row. QlIÙl1 nYe 41ttmftt. CIOIIOIfttaUou 

for _ch u.aple. ~h. val\lel nportAd ln the \able. an the lvarap wal~. fOI" the lb. Il' ... 

41ft.n"t coneentratlona. 

aE• B. \Ilhon, Jr •• and A. J. 1.u.. J, CM. Phl! •• !!O. $18 (19'6). 

b •• A. Rus .. ll and H. \1. ThoDplOn. Spectroch\!. Aeta, 2, 1) (19'1). 

«il. A. Ru .. " J. A., 0\ ... Soc" ~. 12 (19$2). 
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no,. or lilteuity Yenus Concentftl1.1oll not. Spectral SUt. V14th, l!alt-Int.naUr Ban4 V14th, Inte~Uon InterYal and InCl'Uent 9r 

~t lalu.. (SiaplOn·. Rule) t~~_cx) ~~tcblnr;_"b~lon or Cz{CD)6 ln !!-Hexane ~lUt10ft 

. CoIIple. 

~ao), 

Ck(ao), 

.f. 

Iat.ep-aUOil 
_th04 

S1ap8OQ·. 

~DC 

'. 

" MX 

ca-l -
1986., 

1987.2 

~ •. ~".".:.:;, -, •• ',' f;~r'" • ~lIlalMm. .. ~.u~~: y~ -~ ~{~ 

Sl~. 

Vlbon
Ml •. 

+ - '.8) - 1.72 
+ ·,5.lIt - 1.18 

-2 -2 ft CIl 

ltuuell

Tboapaon 

.+ 
- ).50 - 1.'5 

+ - -.19 - 1.00 

• 

ca-1 

2.81 
~ 

2.81 

Av; 

-1 • 
CIl 

).15, . 

);80 

~ 
a. AVt 

0.75 

0.14 

Av; 
~ 

1.95 

1.90 

Av! 

C!II-1 

1.92 

2.00 
1 

• v-vo '11-\10 

CII-1 

25 " 

.24 

ltIt t 

" 
1).0 

12.0 

Av 

ca-1 

0.42 

-----------------------------------------------~. ~---_._--~-----. 
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\ =Lj-~'; ... 
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, .. TA3IZ,B-2 ( 
5101" or bte~1ty Yen1a Coneentraticn Plots, SpecUal SUt lilc1ths, P.al!'-tntensU" BaIld Vidtha. lnwtration IDtenala aneS I~ct.s ~ 

usv-n\ Yal._. (Slapcon'. Jhab) t~ ~ CD Str.tch1~ Absorpt1ona o! th. (c,.elOhe~ta\r~.fte)KCcë), Coç1nea in 'Meth71.ne ~ Solut.1~n 
L ___ . __ . __ . ___ .. __ _ _. _ _ _ J 

CMplu' 

o/-aCr(œ), 

cyv.oCQ», 

Ys,,(m), 

.,,- ~ '" 

v us 

c. -1 

1982'1 . 
1916'0 

18S6'9 

198)'6 

- 1912'2 

1880'2 

1981 .... 

1908.) 

Im'1 

~ 

Sl~. 

VU.on-
·I.U. 

- 1.liO ! 0.)0 

+ - 1.)) - 0.26 • 
+ 

- 2.49 - o." 
. + 

- 1.lS - 0.58 

- 2.60 ! 0.88-

+ ' - 1.n - 0.12 
,JI. 

+ 
- 2.28 - 0.)2 

- 1.22 ! 0.)8 

+ - 0.11 - 0.19 

,. 

,,-2 ea-2 

P.u:saell-
Tho:pGOn 

- 1.79 l' 0.47 

- 2.38 ! 0.61 .' . - 5.92 - 0.92 

+ - 0.96 - 0.,56 
+ . 

- ).78 - 1.5) 
+ - 2.)7 - 0.16 

+ - 2.50 - 0.38 
{' - ~ ~ " 

- 2.1? - 0.68 .. 
- 0.30 - 0.)9 

-' 

~<'~-",,,l', , 
~{lti'<t;}~~"'~~'Q- ~ __ '-'L~.l. .6 

/J,'IIa . + • 

CIl 
-1 =-1 

2.81. . 13.' 

2.70 19.5 
,:J 

2.6g- • 26.) 

2~81 12." 
2.70 22.) 

2.66 27.' 

2.81. , n.S 
2.?p 21.0 

, 
2~6) . 26.0 

, 

~ . 

....!... 
bla -t 

0.21 

0.14 

0.10 

0.2) 

O.u 
1 0.10 

0.24 

0.1) 

0.10 
"-

/J,"i .~ 
t lIVt . 

hO) 

1.02 

1.01 

1.'-
1.01' 

1.01 

1.0S 

1.02 

1.01 

J:t,t 
t 

-1 ea 

1).1 

19.1 

. 26.0 1 

11.'9 

1.00 

1 21.0.; ~ , ' . 
.t 

n.o 
20.6 

25.8 

,. 

v-Vo V-Yo lw bit. 

bit 
t 
~ t 

-1 ea ca -1 

64 '.9 
-72 '.8 

72 ).1 
" 

)0 2.~ 2.5 

~: 50 2.) ~ .. 5 

sa 1'.9 2.5 10.8 . ~ 

64 5.8 

72 '.S 
12 . 2.S~ '. 

.,-

... 

''''0(1 "" ....... .,..""' ..... :,.(': ... 

; 

r 

:, , 
-, 

,~ 

.~ 
~ 

c" 
~ 
~~~ 

.~ 

.~ 
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TA!L!: 3-3 ' 

',,-
!1ope. of Int.n&1tr yertUa Concentratlon Plot., Speetral S11t W14tha, Ralf-Iptena1ty Band Vldths"Înte!%&tlon Interval. and In~ntà or 

Ç'e , ~.~,. 

Arc=ent 'aluea (S1I:pson'. Iule) for the Cl) Stretehln& Absorpt1on~ or the (BleyeloheptadhM)Y.((X)~4 Coçlexes ln n-Hexâne Solution 
_ _ r 9 j ~ 

v~· Slope, -2 -2 JI. CI 

-1 Vllson- Ruu.ll-
cmplex CIl V.lle Tho_pIOn 

.!!!I-~aCl-( co )~: 2~)J'6 - '().14 ! 0.06 - 1.05 ! 0.51 

+ + 
19'ss'1 - 6.12 - 0.07 - 1.50 - 1.02 

1944'4 - ~.25 ! 0.33 + - 0.58 - 1.09 

1914'8 
+ ':' 0.18 - 0.06 - 0.74 ! 0.2S 

+ 0.00 ! 0.07 .0.08 ! 0.52 

A 19S9.z - 1.28- ! 0.16 + - 3.19 - 0.)2 
~~~., 

. 191)'6 
+ • + 

- 0.55 - 0.1~ - 2.01 - 0.59 

"'e.r'aV(œ)~ 

\ 
~ 

2043:9 
- + 

- 0.01 - 0.01 

1957.) 
, + 

- 1.74 - 0.)5 

1910'1 
+ - 0.24 ~ 0.12 

î 

111~~~'1:":~ . ~"l!,f~~~-,,\~ ~""'. 

- to.10 ! O.U 
+ 

- ".~ - 0.8)' 
+ - ~65 - 0.41 

? 

t 

,', " 

• 

ca -1 

2.90 

2.11 
t:::-%.74 . 

2.70 

2.92 

t:: 2>" 
2.70 

2.91 

2.11 

2.70 

6v· ...!.. 6v· 6v t v-Vo V-\lo t 
6v; 

t t -t-

6vt t Vt t 
-1 

r:;-
-1 ea-1 ca = . - -

3.73 1 0.~8 2.:)0 -1.62 20 12.4 

4.51 . 0.61 1.sa 2.86 15 5.2 

4.66 0.59 1.38 ).)8 2Q 5.9 

4.98 0.54 1.)) ).74 25 6.7 

).74 0.78 2.50 1.50 10 6.1 

4.98 0.56 1.)3 ).14 20 5.4 

5.14 0.5) 1.33 )~86 25 6.S 

4.00 ç.n 2.08 1.95 . )2 16.4 

4~75 o.sa l!~ ).50 )2 9.2 

4.15 ,0.57 1.~ ).40 24 7.1 

-

{~. 'i _ 

/sv 

ea-l 

<0.42 

0.8) 

o.e) . 

0.8) 

0.42 

0.8) . 

0.63 

; .. \.. 

4~ 
" 
~J 

\ 
',' 

f. 

/JtIt. 
t 

7lV 

'.9 
).4 

4.2 

4.5 

<.6 
~.s 

4.8 
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Slo,.. of Intea.1tr yenu ConceMz'&t1on Plo~. S~etra1 SUt Y14th., flalt:-Intend.tr Dan4 Yld.t.ha, IntqntlOft Intenal. aNS Itsaea.ftta of 

; 
Arl\lMftt 'al •• (Slapsoft'.' Rul.-) for the Cl) Stntchln,r Absorptions of th_ ~PIo(OO),(Phosphlnt):J CoIIpleua 111 r .. thr1_", C2Ilor14e Solutioft 

( ( 1 .. 

{jv& lIv; âv! ~Vo /lY ..!.. ,,-vo 
1" ,.-2 cii-2 _ t _ {jva 

lfit " Slcpe, 'lIvt. au • t t ( t 
-l' Vlbon.- Ruuell-

- ca-l ca-]., ca-1 ';;'1 ca-l Cnple. CIl Vdl. Thompson ". . ca - .' -~,~(Cl))(PC1,)~. 2040'2 
+ 

:J • .se 0.81 ' 1 •• ) 1'.0 0."2 - 6.U - ~1.56 - 2.1b - 0.'-2 2.91 2.50 20 
+ • 1991'1 - 8.25 - 2.35 .. 2.'" - 0.18 2.81 '.15 O.,., 1.29 _.166 2' 5.6 O.a, 

-. 
~Ko(CD),(IC1,») 2039., • Ir .. O.Z' - 0.119 

« . + 
- 0.1' - 0.116 2.91 11.2 0.z6 1.06 

~ 
10.' a.o l,a 1.2 

1996'6 • - 0.15 .. 1.)0 + o.oe'! 1.S6 2.81 21.0 0' .. 10 1.01 26.8 60 2.2 2.' 

lIs-r.o(OO),[P(c,",'C1zJ) "2006'0 
+ . 

- 0.36 .. 0.19 + - O." - 0.z6 2.a- l", «t.n 1.03 12.., .\! 3.1 

l~'a 
+ - 0.01 .. 0.)2 + + 0.01 - O." z.n "., 0.08 1,"01 ".2 96 Z,9 

~ \t 
""" 

~(OO),tP<C,·,)zC1J, _ " 1910., • 0.17 ! o.e... + 2.79 "".0 0.20 1.03 1'.6 ". ,., ,,+ O." .. O.eo '" 1889._ + + 0.97 .. 2.56 + + ,.18 - , • ..., 2.68 ".0 0.07 1.00 ".0 96 ~ .. 6 
--- ---------- - . 

• ..... 001_ • 
----"\ 

~ 

, ... 

~ 
'. -,;.,~';.;;.' "\.. 'iMf'~~~~i A~ ~ _ ot." f~1\~ ;,,'~ ... 

/tif. .~ 

t 
ïiV 

,.-, .... 
a.a 

,10.1 

, , , 
" , 

. .\ 

:':1 

'''l 

<1 
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TABU ~, 
(\ 

~ ::--, 
Ilop .. o~ Int.na1t7 Yer.~ ConMMraU9A- nota, Sp.etral sUt VlcStha, f.alt-Inurlalty ~ V14tha, Inur;r&tton Im.rval. and lna-.. nt. or 

ArC\IMnt ValU411 (Shpson'. Rule) for t.he CO S\ntc.'lln, AbsorpUOnJ or "the .s!!-xn(OO)4tBr Co.pleui ln !-H.une So1ution .. 
, ~v& ..!.. ~ .. ~ v-"o v::'Yo ~ bit, . i' i i Yux ~ Slope, ,,-2 ca-2 • ~Y& ;; ;r r;-i j 

::'1 v~aoo- Russell- e.;-l e.;-l -1 -1 ca·1 Coaples CIl Vell a TholDpoon ca ,1:i ca 
~- ~ ~ 

J1I-Kft(OO)-rP{C,HS),~r 2089'2 
+ + 

~.5' 0.66 2.66 6.) - 0.09 - 0.10 - O.lS - 0.16 '.00 1.10 20 7.S 0.42 

\f 2024'6 - 0.49 '! 0.24 - 0 • .57 ! 0.28 2.88 6.88 0.42 1.18 5.8) 20 , ... O.S, 1.0 

2006'4 - 1.)1 !' 0.61 - 1.12 ! 0.49 2.94 7.50 0.38 1.14 6.58 25 ).8 0.83 a 8.0 ., 
1960'8 - O.~ ! 0.10 - 0.89 !,0.15 2.78 11.6 0.21t 1.0S 11.0 2S 2.' 0.8) 13.3 

~1n(CO)_[AI(C6H5»)Jer 2091_8 
+ . + 4.S3 - 0.66 1.'" 2.60 6.2 + 0.11 • 0.01 + 0.17 - 0.10 ,.00 20 7.7 0.42 

- 0.92 ! 0.41 
. + 

202)'1 - 0.82 - 0.50 2.l'8 1.0) 0.41 1.17 6.00 20 ).) 0.8) • 1.2 

2011'4 - 0.12 ! 0.48 + - 0.05 - 0.36, 2.84 1.50 0.)8 1.1' '.Ata 2S '.9 0.83 _1.8 

19620) + 0.41 ! 0.40 . + 0.59·! 0.52 2.78 10.9 0.2S 1.04 10.5 20 1.9 0.8) 12.1 

~ao).[Sb(C6H,),)sr ~.'S - 0.44 ! 0.12 - 0.6) ! 0.18 ).00 4.84 0.62 1.~ ,.06- 20 6.S 0.42 1.' 
2021'6 - 0.89 ! 0.10 - 0.9) ! 0.12 2.88 6.56 o .... 1.20 • S.1fS 20' ,., 0.8) 6.6 

2009°2 
+ .. + 2.84 1't81 0.36 1.1' 6.91 ,., 0.8) ~., - 1.12 - 0.)1 - 1.31 - 0.29 25 

1960.ï. 
+ 1 

- 0.45 ! 0.39 2.18 10.9 0.25 1.04 10.' 20 1.9 0.8) _, iZ.1 ./ - 0.36 - 0.30 

~ ... ' 
.J 

~ ~? .. ~,", 

~ .. ~ J 
• < 

~.:" • .:" _ ~ ..... ~ L ... ;-:." ., 

.1 .;; _? ... -;~t' ~~k..::;~~~u1. "1"~"",,-~ ,~1. 

;~ '- ft~ .-. _:.:. ': 
~ ;:.; - . .. . ~~ • c 
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TASt! 1-6 , 

11ope. of IDt.nl1t1 y,nUI Coftc»ntraUon Plots, speci.ral SUt W14th., Half'-Inten.U:r Band V14th., Intecratlon InteZ"lal. and In .... nt. 9t . , 
Arcaent 'alue. (S1.,.,,,'. Rule) tor the 00 Suetch1ns Ab80rptlon. Qt the (n-CyclOPt!nta41e"11)r~n(00») Co.p1e~. ln !,-Hexane Sol~lon and 

tOI' the CD .ncl CS Stretehlnc Absorption. or th. (tt-Cyo1QP.nt&dl.nyl)Mn(OO)2CS CoapllX in Carbon Di.ul,b14. Solution 

\1 Slope, H-2 =-2 II&.X 

ca-1 lI1180n- RU.Mn-
• COIIploz YeU. tho_pIlOn 

w-CIID(œ), 20)0'8 
+ - 0.10 - 0.06 - 0.69 ! 0.45 

1948'6 
+ + - 0.1) - 0.10 - 2.)1,- 0.)0 

\ 

(~c,",)ftA(OO), 2026'1 
+ + 0.06 - 0.01 

. + 
+ 0.31 - 0.42 

1944'5 
+ - 0.9' - O." • + 

- '.1' - 1.41 
./ 

" . ~S'{.n(aJ)2œ + + 
2009'1 ~ - 0.08 - 0.01 - 0.91 - Or1S 
./d' + + 19.,1U'9 ' - 0.11 - 0.02 - 1.28 - 0.2) 

~va 
i 

• 
ca-1 ca-1 

2.90 '.91 

2.76 '.)1 

2.S9 '.91 

2.74 6.88 

2.84 , 6 .. 96 

2.77 8.12 

...!... 
Av· t 

0.74 

0.52 

0.14 

0~40 

0.41 

0.32 

~v& i 
fJvt 

+ 

2.10 

1.29 

2.05 

1.1' 

1.1S 

1.09 

~vi 

ca-1 

1.86 

4.11 

1.91· 

6.60 

s.65 

8.00 

6 + + 12 ,.S - 0.11 - 0.01 - 1.62 - 0.22 2.14 9.52 0.2) 1.04 9.15 ._. ___ .~__ _ __ ~ __ __ . ____ ~ __ ~_. __ . __ .~.~ __ or _ .. 

:- .. , 
" 

~ 

~1,'; ., .. ~ ~ '( <f' -......... ,. ~,. ~ ., 
14~"Ft!./C: <\... .. f ' ~'.:t;.- ~ .. 

L, 

.. 

--..J. 

\I-Vo 

ca-1 

20 

30 

20 

30 

32 

12 ,,-

V-Vo 

Ayt 
i 

10.8 

1.) 

10.5 

~ . 

4.6 

'.1 
9.0 

6.1. 

~v 

CII-1 

0.42 

0.8) 

0.42 

0.8) 

...... 
.8) 

flyt. 
i 

1iï 

-
4.4 

$0 

4.5 

8.0 

-')r 

-. 
~~ 

}<J: 

h 
~ 

" 

, -,1 _ . 
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Appendtz C .. 

De,cr1"t,1on of TeTtat Tables C-l to C-12 

Conen npneenta the concenUtLUon or eolute. 

an the apparent lnt.naUl .. or lnc1cle"t and ~tte4 ndiaUon 

lOS10(~O)VIl&X' ln(~O),,_x· an the appannt abaorbuce at -.ldawl aHol'pUon and. tbe oollYeraiora 

to the 1Iaper1&n bue, \he apparent peak op\1etl 4enalt7. 

'B .. nd area· 

A 

E 

denot.. the ana und.r tM appannt. opUb&l. cl.na1t.r <:Une aNt 1. 

npn.ente. the ap~nt. lnt.lRt~ abaozpUon lnten'Ur cl.f1ne4 ... 

(l/cl)Jbandln(rofr).,p.v, vhen C la the ooncentnUon or wute lD 

1101 .. pel' l1t.r. 1 1. the 0.11 path lenctb ln CIl. and TOy &ail T" an 

~ appannt lnteIl&1U •• or the lncl4ent t.n4 tnnsaltte4 radiaUon 

vhen th. apec:Uophot.oMt.er la .. t at. rncaUllftCJ v. 

equù. the absolu" b\eCr'&W abeorpUon lD\enal\)' 4etlna4 al 

(l/cl)Jbaftdln(Io!I)vctv, 1IIheft IOy aNl 1" an th. lnc14e,,\ aNl \nu-
b • 

.Ute4 ln\4tnIlU •• or eonocbJOM1J.c ra41aUon or tz,...u.r v. 

la the ab_l'Ut. ln\-cnWl abaOl'pUon lntena1\)' exprwee4 ln pncrUal 

unit. (1 ••• , A/2.)O). 

, 
' . . . 

~ 
.j 

, . , 

\ 

, ,. 
~; . , 
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.. 
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; -, . ..~ 
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... ,\., 

l la ooaput.4 b7 \alt1. the .... ~ ,\he la .al .. obtal .... a\ a ...... 

ot cl1ffannt COftCIInUaUODa ... 1acnaa1'Dc 1\ '" te. "'.aon 
UaW ah the at&n1ud 4a.1&Uo_ ma u.. .... 

A la e .. luatecl br .xtrapolaUnc \he 1 val ... tale" at. a ..... fil 

tl1ttenllt oon«:elluaUona to MZ'O COftcut.nUoa. ". el'l'Oft UaW 
(J 

an the .ta1dud 4 .. 1aUona ln \he lnt.rcepte, A. hoa leut-*lana 

&11&17 ... or the B yerau 0 plota. 
, IIIW. 

, la 4et.erai_ bJ ext.zapolaUac U. a .... 1 .. \akee a\ ~ d1rr_ 

nat. collcenuaUona to .. ro appûellt. peeIt opUcal'~\J. TM eft'Olra 

UaW an th. atand&xd 4eY1aUo .. la t.h'e lnteftepta, A. hoa lae\

equare. analy ... ot the a .,.... lIl{?Jr)vaz plot.&. . 
"R. H. Jon •• , D. A. Raua7, De s. Itelr. and. r. Dobrlac. J. AlI. 0'1 ... SOc., ~, 80 (l9St). 

bE. B. Vilaen, Jr., all4 A. J. Vana. J. OIu. Ph.l!o~. S78 (1946). 

~. A. 1Ua •• ll and. H. V. ThOapao!l, Sp!cUochla. tff.. 2. 1» (1951). , 
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~ ~dU C-t , 
Ieteçatecl IDWr.a1t.,. of' the ,00 ~tr.rt.chl!'~ Absorj)t.1on o'! Cr(OO)6 ln ~'!uane Solution by Sl.~·. ihIl. 

~"t-

. " 
" " .~ 

,o. 

r 

~-

> 

~ 

/ 

" ... Concn To"r.ax 'i" 
"..x. l.rl(~O)"au 

~ 
-1 

CIl ... % < 
1_., - O.6!It "'.7 )4.1 i.oo 

0.8)2 VS.S 29.9 1.16 

0.929 97~1 21.- 1.%7 --1.09 • 97.2 21.5 1.St 
1.19 96.- 18._ 1 • .66 

1.)S 97.7 15.2 1.86 

'.o1e~ -.J&h\ • %20.1 & 1101-
1 

'" , 

k."ld 
10-4B/ 10-'&, ,(1 0.-2 Are& 

Vllso~ Jhaaull-
0-1 l'fel œ-2 

1W'.sa7 ".lls ~so~ 
-

-.90 66.8 65.1 68.1 68.1 

5.6S 6)." ! 1.- • - -.) • - -.7 
6.)7 ~.O 

7.27 62.1 

'.00 62.' 
9.11 6).1 

. -1 Li 
. Chut 1tCal. - IJ.96 CIl Ilfh 

," . ..... -, . 

!uaa7 

2~.) 

! 0.6 

" 

10 .... 1. ,,-1 ea-2 

VllSO!l
lien. 
29.9 

! 1.' 

!. .... n:. 
~_:l 

- Z9.!' 
• - 2.0 

Cau ,.th ~ • 0.107 _ 

J 

," .. ,~,:",": ' '. " ::h,"~' 
~'\;~ '~.af. .... :.V' -\.~H"'lA. .. Y!'rt .... 

"j' 
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T A!!U: Co-' 

Intecrated Int.nsitles or the "co Stretehln6 Absorptions or (CYe1oheptatri~ne)Cr(CO)3 ln rethy1ene Ch1o:1de Solution br the VelSh1re r.ethod 

"II&J: ~(TO)\I 1n(TO )\I Chut rand Band 
10-4B 10-4A• -1 -2 10-4t • :1-1 CJI-2 Conen T J:laX T l".3X wc 1/';h t velt:ht area P'! e!l 

\ll180n- Russell- Wilaon- Rusaell-
ca-1 

" ineh-
1 -1 M-l CIIl-2 

.:~ g CIl Raaaay '.eUs Thollpson RUMy 1:e11s Thol'lpson -
1ge2'1 1.OS 0.460 1.06 0.2SS 0.255 " 16.2 14.7 14.0 16.1 16.4 6.10 6.98 1.14 

"+ ! 1.2 + ! 0.22 + + 1.58 0.628 1.45 0.2"S O.J~ 2'l.6 13.7 - 0.5 - 1.7 - 0.53 - 0.75 
1.10 0.649 1~50 0.296 0.39~~ 13.' 
1.19 0.697 1.61 0.2QO 0.417 2 13.1 
1.85 0.710 1.64 

.\ 
0.296 0.432 26.0' 13.5 

1.9) 0.751 1.73 0.296 0.454 27.4 13.6 

1916'0 1.05 0.262 0.(0) 0.285 0.219 17.5 15.9 15.4 17.' 11.6 6.68 1.50 7.64 
! 0.4 ! 1.0 + + + + 1.Sa 0.362 0.8J4 0.2&5 0.396 24.8 15.1 - 1.) - 0.17 - 0.45 - 0.56 

1.70 0.)3) _0.882 0.296 0.43) 26.1 14.7 
1.19 0.&106 0.935 0.290 0.462 28.4 15.2 """ 
\.85 0.418 0.963 0.296 0.476 29.1 14.9 
'1.9) 0.4)7 1.01 0.296 . 0.490 29.5 14.7 

l.Be6., 0.504 0.285 0.237 18.0 16.4 18.8 19.1 6.51 8.11 8.'1 1.OS 0.219 15.0 
+ ~ + + + + + 1.S! 0.)11 0.716 0.285 O.)g) 24.0 ).4.6 - 0.8 - 1.4 - 1.7 - 0.)5 - 0.61 - 0.13 

1.70 0.')1 0.762 0.296 0.418 25.2 14.2 

1.79 0.351 0.808 0.290 0.431 26.9 1~.4 

1.SS 0.)61 0.8')1 0.296 0.465 28.0 14.5 

1.9) 0;319 0.87) 0.296 0.472 29.5 14.2 

!'.ol.cular ".lSht • 22~. 2 S 1101 -1 -1 ---1 
Chart scale - 7.74 ca inch Cell paQ hncth • 1.04 .. 
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lo~ (To ) • O-.o.rt ·P.aDd Bao:d 
y .. " 

1n(.:..2) 10-4S 10-4A• 11-1 C111-2 10-4:::. -1 -2 Con en o T vux T Vr.!aX lIe1èlt ve1cht Arca li.: ca 

=-1 -1 -1 -1 -2 Wilson- Russell- Wilson- Russell-
z:III ~ l"lch . , ca PI en RaIlIsay Vells Thompson Ral'lS3y lIells ThO!!~a:JD , 

204)'9 '.1) 0.159 0."35 ~292 0.0)4 2.17 6.41 6 • .l.8 6.4) 6.4) 2.81 -2.79 2.19 
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5.6) 0.)42 ·0.7gs 0.20) 0.060 ).89 6.44 ~. 

1).) 0.7)~ 1.69 0.2~J 0.1)8 9.92 6.25 .., 
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! 1.0 + + ! 0.4 ! 1.0 ! 1.1 J.l) 0.62) 1.44 0.292 0.147 9.24 2?S - 2.) - 2.S 
).61 0.7OS 1,.6) 0.292 0.16) 10.' 26 • .5 
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lnC!2) 1!a",d 
"DaX 

To T 10-4! lO-4A• K-l ca-2 10-41. .-1 C11-2 Cor:cn ":a.x ":v.x " T "ux area 
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Intesrated Inten.iti •• ot the 00 St~tchin, Absorption. o~ !!s-xo{OO»)(~(C6H5)Cl2~ in Kethyl.ne Chlozid. Solution b7 the Veleh1nc :-ethol 

.. "eax Concn 

cs-1 a."! 

2~.O·- 1.12 
;, l.~, 

1.If, 

1.62 
1.19 
1.95' 

19110'8 1.12 
1.)0 
.1.") 
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1.19 
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. T 
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0.)19 
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In(~)vMx 

0.995 
1.15 
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1.41 

1.51 
1.65 
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0.251 
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0.)1) 
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0.746 

0.815 

l'and 
area 

-1 
C!!I 

15.5 
17.7 
19.) 
22.4 
24.0 

26.0 

29.2 
)).4 

)6.7 

10-4B 

M-1 ClI\-2 

1).2 
1).1 

12.9 

1'.' 
12.9 

12.8 

24.9 
24.6 
24.1 

42.6 25.2 

46.0 24.7 

Ra.say 

1'.) 
! 0.2 

25.' 
l' 0.2 

50.2 24.7 .... 
- ----

, 
10-"A, r.-l C11-2 

< 

{ 

"'11cen -
1o'ell. 

1).6 
l' 0.1 

24.8 
l' 1.2 

HUlOao11-
Tho!=,pson 

. 1).6 
l' O.B 

2".8 

l' 1.' 
,. 

It4t.1M1 

S.?? 
l' 0.09 

11.0 

l' 0.1 

10-4... w-l -2 
... •• CIl 

o 

VU~n-' 
k11s 

~.90 

l' 0.32 

10.e 

l' O., 

,:, 

luaM11-
Th~.::.n 

'.90 
~ 0.36 

10.8 
l' 0.6 

JSo1èca1u- welCht • 716.9 c Il101-1 O\art welght • 0.298 r;ineh-l---·~ -~~ .... 1.96 CIII-~eh-l Cell pau. len«tb • 1.0It .. 
~ . 

~ . , 

e 
y 

-:... .. ".!.~ "< 

-'~ 

. " ~ ~ ~ -- .. _' ~..r 
; ~?tt~ ... Y~.1-t: ~~ 

~ 

~,01 

'.1 
, '. 

'1. ....... 

, ~~ 
!II' 

. ." 
~,-; 

\ 

"'" "1 

~ 
-- '"'4 
".~ 

,,"1.iI 
_4.,~ 

:.~ 
:b~ 
"~ 



~P~·:;~~I.·,-~·r. 
~'~ ~ ... 
r-

~ 

( 

,~ 

~ 

\, 

t, ." • -, 

't 

. 
~ 
i. .... 

. ' 
'I('~ 

,;' " 

~ 

1 

~, 
~" 

~: ' -
~, t 1 

~ 

TABLI.o-12 

, 
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10 (To) l",To), Pa-,d Band· -4.4 -4 
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-1 ca .., 
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1.05 0.41) 0.951 

1.21 0.1142 1.02 
1.)6 0.491 1.15 

UI89 ... 
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1.19 9J." 110.9 0.826 ".86 '.SS 
1.26 ~.7 39.6 0.872 S.zS '.6) 
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O •• 92.- Z'.9 1.21 12.' 12.1 
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10-4B 10-4A• ",-1 ca-2 10-4E• ,,-1 .-2 CoDelS MS l' YIll&X &na 

-1 -1 -1 -2 Vll.on- Ru .. U- VU .... Russell- 0 

CI lit ~ " ca 
" ca !&a8&1 Vell. Tho.l'son ftut.a7 Vela Tboc..,.oD 

4.30 
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2~., 0.550 92.5 59.1 0.449 2.10 --::r 4.61 4.64 1.87 2.00 2.02 

0.6" 0.497 ! 0.14 ! 0.25 ! 0.27 l' 0.06 ~ O.U ! 0.12 92.2 56.1 ).21 4. 
O.,,) 94.9 ~ 46.2 0.720 4.61 ".29 
1.10 92.5 40.8 0.819 5.16 ".09 
1.21 91.S )5.4 0.950 5. 86, 4.02 

).62 2021., 0.'50 91.8 50.1 0.606 4.99 7.89 7.70 8.~ 8.41 3.~ J ).65 
+ ! 0.21 ! 0.24t- + ~ 0.09 ~ o.n 0.6)) 91.2 46.1 0.682 '.66 1,77 , - 0.2S - 0.11 

0.9») J 
.en., )5.1 Q.967 8.07 7.S2 

1.10 91.5 )0.0 1.12 9.19 7.26 
1.21 9O.S 24.9 1.29 10.6 1.30 

JOO9.2 0.467 94.1 116. 9 ~ 0.70) 1.15 1).) 12.8 13.8 14.0 S."'- 6.01 6.0, 
" !. 0.5 t 0.6 + t 0.22 ! 0.17 + O.,,, 92.' "1.0 0.814 8.14 12.9 - 0.1 - 0.30 

0!6)) 92.2 )6.7 0.921 9.0S 12.4 

0.93) 94.9 26.1 1.29 1).1 12.2 
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I~t~tc!d tntef'.slÜes or t.')e ~ Stntehln« Ab~t.1o~ ot n-C5R5~n(CO» iD ~He.xa"M SolaUOft by Slçsœ·. hle ~~ , 

To.,,~ 1:'1 (To)" land 
., 

T"az 10-41 10-4A• -1 -2 lO-4E• -1 -2 
,. 

Vaas 00t\e6 T "lU r--ea Y. c=- f! es .", 

• ;1 

-1 -1 -1 -2 Vl1.on- baell- lU.an-· !uuell- " ~ ... ~ ~ !ulsay ~1ls Tbocp:;oa Jta:sa1 Vell. n:c.,aoe .....~ CI ~ Cft ,. CI , 
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ZO)O·S ).·5 99.0 ~.) 0.601 2.8.5 8.27 5.41 8.68 8.75 ).65 ).71 ).~ 
.-
~ 

'.92 9'3.9 SO.6 0.670 3.28 e.)9 ~ 0.12 ! O.~ ! 0.15 • - O·OS ! 0.2~ ! 0.)2 

".sa ~.1 116.8 0.746 ).76 e.~ o. . " --. 
.J i~ 

'. .1 ·.92 9!.' ·).7 0.811 j.96 8.~ ~ ,"j 

,.., 

5.~ ~.1 40.6 o.~ ..... 44 S.19 ~ 
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1~'6 2.56 96.9 )5.9 ' 0.9» 6.61 25.8 25.6 27.6 27.9 11.1 12.0 12.1 .~ 

2.95 99.1 "'.1 1.07 7.S2 2S.5 ~ 0.5 ! 0.8 ! 0.8 ! 0.2 ! O.) ! O •• J 
'f.' ~ 

).-S 100.1 Z9.J 1.2) 8.56 2".8 ~ ~ 1 1 " ...- 1 "'y" .... t 
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\1 To~~ T 1n(~).",. 
&&X Concn Y_x T x 

-1 l1li " % = ,. 
2026.1 ~.)2 98.1 41.1 0.740 

4.1. 98.8 .).7 ' 0.816 

'.2ft 99.4 40., 0.e98 
'.81 '99.6 31.1 O.9S8 
6.21 100.0 )4.7 1.06 

1911'te , 2.1~ 99.9 42.5 0.855 
3.3) 99.9 ".1 0.991 

'.81 100.5 )2.) . 1.14 

".)2 100.0 29.2 1.2) 

'.?1t 100., 26.0 '1.35 
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.. 
J 
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3.64 8.43 8.67 8.17 8.11 
4.08 8.60 : 0.12 : 0.82 ! 0.84 

4.36 8.31 
4.99 8.59 
5.3) 8.58 

1.'50 21.0 25.9 29.0 29.5 
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9.66· 2,5.4 , 
10.1 24.8 
11.8 24.8 
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In\er.rated I~te"al\l.s or the co Stre\chl~ Absorptions or r.-?SHs~n(CO)2CS ln Carbon D1aulphld. Solution br th. V.l~lnc ~.thod 
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101 (To) 

10 r "'ru 

-1 
C1I .... 

2C09. , 1.1S 0.)91 
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12.1 O.56f 
1).7 0.624 

1'.5 0.6~ 
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1956'9 1.75 0.)90 
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1.0) 0.14? 10.S 10.6 
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--Inha-ated Into:'laUl or the CS Stret.ch1ns AbeorpUon of' n-cS!fS~:n«(X»2CS ln Carbon Diaulphlde Solution by the Vel!hll16 .:.t.hod 
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~ .. ~ -- --~-_._-_.- -- ----~_._--~. __ ._. __ . --- - -------"'---- - ..... 
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MX Conen we1sttt ar_ 

-1 . -1 -1 -2 !lllcon- Rusa.lI- VU.on- Ru ... ll-
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