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The Exchange of CN- with Cr( NO) ( CN) 
5
-3 as Follovred by Electron Spin Resonance 

J. Brock Spencer and Rollie J. I>1yers 

Department of Chemistry and Inorganic Materials Research Division 
of the Lavrrence Radiation La bora to;ry, University of California 

Berkeley 4, California 

. · P.BSTRP.CT 

The ~lcctron spin resonance of Cr(NO)(CN)
5
-3 has been reported by 

(1) 
Bernal and Harrison· • Fr.om a variety of evidence it is concluded that 

~he NO i~ essentially NO+ and therefore it is a Cr+l surrounded by six 

isoelectric ligands. The electron spin resonance lines in this complex 

~4 +· are only a fe1-1 gauss uide and the hyperfine interaction of rr 0 and 
. \ . 

Cr53 (9.55b) are ciearly res.olved. 

·Hayes ( 2 ) ~as shovll:J. that c13 in natural abundance can also be detected 

in the hyperfine splitting in the electron spin. lie have follmred the 

3 13 . 
formation of Cr(NO)(CN)

5
- containing C N- by exchange in solution 

13 utilizing NaCN enriched in C • This exchange has be.en quantitatively 

follouecl in aqueous solutions containing.CN-enriched to 5Cf/o .in c13. The 

measurements Here made by directly foll01-1ing the forrr,a;UOn oi' Cr( NO )c13 

N( CN·\-3 while the samples vrere heated directly in glass tubes in the 

eJ:ectron spin reson?-nce spect:cometer. In Figure 1 a typical exchanged 

0 spectrum is. shovm. BeloH 100 C no net decomposition of the complex could 

be observed but it liaS detected above this temperature. 

The reaction was assumed to be over-all second order and both the 

initial rate and the integratGd rate i·rere used to determine the rate for 

exchange. Some representative rate constants ar~ given in Table I. 
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Table I • 

• 4. 

. + .. [CN] .... oc k(hr-~-1 ) [Cr ] i. 
. ·v "" 

·c 

0~03 0.1 66. 0.38 
'' 

0.027 . 0.13 64 0.20 

0.027. 0.13 '85 1.8 

0~027 . 0.1:3 . 90 3.1 

. 0.027 0.13 98 6.4 

.Ea • 22 to 25 Kca1/mo1e. 

' '· 

.· .. 
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During the exchange it was observed that hyperfine interaction vms . . 

. produced i·rhich corresponded to tvo and more equivalent c13N- in the com-

plex. Sirice Cr( NO)( CN) 
5
-3 bas most ce~tain:Ly c4v symmetry the observation 

pf two magnetically equivalent CN- must mean that the observed rate .of 

·exchange· ~s l'l.Ot simply .the :rate of ;the·: axial CN- •. From intensities measure­

ments ivith c13 in nat'~ral' abundance·Hayes( 2 ) has concluded that the observed 
' ' I '' ~ " 

hyperfine coupling either corresponds to four or five xna.gnetic.ally equi­

valent CN- sites. Sin9e we have been unable to observe a unique set of 

hyperfine lines which can be ascl'ibeq to the axial CN- -there are several 

possible situations. 

If all five of .the CN- are nJB.gnetically equivalent they may have very . . ' 

e;imilar rates of chemiqal exchanee •. In this case we would be unable to 

dii'ferentiate bet"t·ree~ the axial and equatorial CN- If only the four 

- . -eg_uatorial CN are magnetically equivalent ,,either the axial CN has a 

,j 

much slovrer. rate of exchange 1 so that VTe have not been able to enrich this 

posi tion1 • or its l:zyperfine interaction is particularly small SO that vTe 

'have' not been'able 'to detect it. 
. ',, 

Since ;~the' NO+ and CN- are iG~electronic one might expect a similar 
. . . . . 4 . 1 . . . . 

unpaired spin density on the If and C 3,_ and the observed hyperfl.ne inter-

action constants are ~ agreement with this. It is ·t.hus quite possible 

that all five CN- are magneticaLLy equivalent and the axial and equatorial 

C}( ~y also exchange at th~ same~ rate. · Further experiments are being 

done to check this point. 

It vlould be of considerable interest to extend these exchange studies 

to further com:plex ions. This will not be poss±ble in many cases since the 

large electron spin resonance line widths observed for most com:plex ions pre-. 

cJ.ude the observation of hyperfine interactions. 
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li'igure Caption 

Fiaure 1. The 1center triplet. is due to !?-4o + 1 the single l~e oz: either 

~ide is due to partially exchanged c13N• ~nd the weak lines 
~ 1 ~ ... • 

are: mainly cr5 3.: · · ' 1 
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