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The h i h r n e n t  to a mmganese(0) quartet state by C.L. Ktvan end 3.K Kochi 
(J. Organornetat. Chern., 101 (1975) C9) of the ESR spectrum obtained during 
photolysis of &In, (CO)lo in THF is shown to he in error; computer simuhtion of 
the X-band spectrum and observation of the S-band spechum confm our . 
previous assignment to sextet mmga12se(lI) 2nd ehernid and IR evidence indi- 
cate the presence of [Mn(CO)S 1- & a counter ion, 

The nature of the species responsible for the ESR spectrum observed during 
f%e photoly~ of R4nz (CO)io in THF 111 is still the subject of conttoversy. Some 
of us ha& recently proposed that a disproportionatio~~ of the mthonyl oc- 
curs and b e  argued that a mangmese(lT) sgecies gives rise to the ESR siwal. 
This paint of view has been disputed by Klvm and Kochi 181 who reassigned the 
spectrum to a quartet state consistent with rnan,wese[O). W e  consider their 
reasons for this, assignment zre based on too sirngle an interpretation of y h d  is 
a complicated ESR spectrum a d  now present furt.?er eviderse which establiishes 
bey& re.asom5le doubt that, as we proposed previously, the spec+rum is due tcr 
manpeseCf1) inasextet state We first discuss the qecttoscopic and then the 
. chemical evidence. 

It is u-elt-recognised that the hYper3ne lines of high-spL? m.znganese(~) in flux 
solution are inhomogeneousIy broadened because the large 5'3.1n h~*perfine h t e ~  
ection remwes tile degeneracy of the five dlowecl electron spin transitions [4]. 
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This gives rise to a cl~aracteristic variation in line mpliiicie; in the X-band ESR 
spectrum the fourth line from low field is the sharpest znci most intense. The line- 
widths are gwierally too large for the fine structure to be resolved. However, the 
species observed in THF hzs unusually narrow lines a ~ d  does show fine structure; 
t l~rce coxnponents are clearly discernible on the low field line (Fig. 1). The fact 

. that only three, rather than five, components were reso!ved led I<\vm and Kochi 
[33 to suggest that a quartet, rather than a sextet, state \vas invoi-ved. They at- 
tempted to vefify Viis vsertion by a con~puter simulation of t h e  mI= 512 ancl3/2 
hyperfine lines which showed that five lims shcu!d be seen on the outer line for 
S = 5/2, but oaly three for S = 3/2. Unfortunately their theoretical analysis and 
computer sinulatiou were inadequate in a number of respects. Firstly the transi- 
tion frequencies were calculated using a second-order expression which did not 
allovr for the variation in magnetic field across the spectrum. Thus, their expres- 
sion predicts similar fine stnrcture for lines with the same vatue of I rn1 I which is 
clearly not the case. Secondly, and more seriously, t!ey assumed equal widths for 
the fine structure transitions, whereas relziation theory applied to sextet or 

* 

. quartet spin sta:tes preGicts different widths [ S ] .  In fact the outer f 512 + * 3/2 
transitions have the greatest width which is why they are not resolved. Ifre were 

. therefoie not convinced by their rezsslgrxniikit of the spectrum and have sbught 
further evidence to resolve the controversy. 

Firstly, we have performed a simulation of the X-band spec&m using line posi- 
tions czlculated by exact numerical diagondisatlon of the spin Haniltonim and 

. l i e  widths from L\e Redfield relaxation matrix, These simulations were carried 
out in Soutl~ampton using the method first described by LucIihurst and Pedulli 

'. 161. It proved possib!e to zccoun'; for the temperature variation of the X-band 
spectrum ov&a wide temperature range by vvying the correlation time for the . 
relaxisg Oynvnic perturbation. A typical simulation ancl experimental speckurn 

' 

ue shown in Fig. 1. The agreement is excellent; this \vas also the case for other 
temperatures. 

Secondly, we have obtai~zd the spectrum of the photolysis prbduct zt S-band, . - sattier than X-band, microwave frequencies. The operating frequency of the 
fonner spectrometer is lolver by a factor of tirree, and the S-band spectrum sliows 
mu& laxger deviations from first-order behaviour. In particular the fine structure 
trznsitions are more widely separated and should be ktk resolved. The  lo>^ 
field half of the S-band spectrum, recorded at  Leicester, is shown in Fig. 2- The 
lowest field hyperfine line clearly shows five compoilents confirming that we are 
observing a sextet, rather than a quartet, stzte species. The general appearance of 
the spectrum is very s i m k  to  that reported by Burlamacchi 171 who has giyen a . 

detailed theoreticd account of the S-bad spectrum of ?.1na+ in HzO; our 
spectrum is better resolved, but othenvise shows the same features- As predicted 

- [7 ] ,  the fifth line in the spectrum is now the sharpest and l e s t  inl~omogeneously 
broadened, where% the fourth line is sharpest in the X-band spectrum. 

As a further argument against mangm.ese(II) being present, Kwan and Kochi 
[3') observed that the spectrum of mangaiiese(I1) perchlonte in THF has broader 
lines of almost equal amplitude. We have dso e x d n e d  the X-band spectmn of 
[&I~(THF),)~* with [CIO.+]- as the counterion znG agree that a e  lhos are 
broader. However, we have found that zdding te ' i l -4 -n-bu~~ionium per- 
chlorate to the photolysis product also leads to line broadenim. It t l~us  appears 



I .  

Fig. 1.   he ~Lbuld ESRspactnrrn (a) of the phmtolysb product of Mn,(CO),o THP recorded at -16-C. 
The computer simulation Cb) r v u  obtabed 161 r eoxrdation t ima of 0.35 x 10"' s and avdue of 
6 X 10' G' f o r h  Lurerproduct (D:D). where D t thm trwfirld splittins tcosor. 

-2. The 10- field portion ol the S-baud rpwhPm lhowfal Ba, rtrueturr -&bd wlth the S l u t  w* 
h-ne UOIS 

. . that the presence of [CQ'f- dl& the lie widths (soe also ref. 8) more than 
. the counter ion produced in the photolytic disproportionation which we believe 
'to be [MII(CO)~]- (-~ide infra). Moreover the positions of the sharp lines of the 
bhotolysis product are exactly superhpouble on th~se  of [ h l n ( ~ H F ) ~  1 *+ from 

.. - IMn(CIO,), 1. 



The obsen~ation that the photolysis product disappears on intioduction of 02, 
where= -the spectnun of mmgaese(1I) perchlorate is unaffected, can bc ac- 
counted for by the presence of [Mn(CO)SI-. In our original note [2i we wrote 
the overall reaction as: 

The presence of h4n2+ urould seem to be firmly established, but the case for 
Mn(CO)5- requires furthcr evidence. We have therefore recoded the IR spectrum 
of a solution of [Mnz(CO)lo] in THF both before and after inzdkation at 350 nm; 
The pl~otolysed solution exhibits new peaks at 1898 and 1863 cm-' which are 
also present in the literature spectrum of IhItl(CO), 1- 191. We also note that base- 
induced disproportionation is wellestablished for a number of metal carbonyls 
including Mn, (CO) lo 1101. 

The nature of the soIvent appears to be critical in ficilibting the dispropor- 
tionation to manganese(I1). Photolysis of [Mnz(CO)lo] in 2-MeTHF, DME, di- * 

ethyl ether,.or t+ahydropyran does not give rise to the sharp six line ESR 
spectrum found in THF; However, we have recently found that a six line - . . . . - 
spectrum, albeit with slightly broder lines, can 66 clekcted when trimethylene 
oxide is used as a solvent Formation of a precipitate was also observed and we as- 
sociate this with nucleophilic attack by [Mn(CO)I]' on the strained four- 
membered kng. 

w e  thank the $.I&. for supporting this work. 
. - 
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