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Figure 2. Currents observed at the CdS disk and Au ring electrodes 
during spectral sensitization with rhodamine B and supersensitization 
with hydroquinone: I'D, disk current; J'R, ring current; —•—, disk cur­
rent with 1O-4 M of rhodamine B; O (solid line), disk current with 
10-4 M of rhodamine B + 1O-2 M of hydroquinone; O (dashed line), 
ring current with 1O-4 M of rhodamine B + 10-2 M of hydroquinone. 
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Figure 3. Current-potential characteristics for (1) the ring electrode 
under supersensitization on CdS disk (1O-4 M of rhodamine B + 10~2 

M of hydroquinone) and (2) the Au ring electrode (10-3 M of qui-
none). 

the ring electrode where the supersensitization reaction oc­
curred on the CdS disk electrode was compared with that of 
the Au ring electrode where only quinone was present in the 
solution. The two current-potential curves coincide fairly 
well, as depicted in Figure 3. From these observations we 
conclude that hydroquinone is oxidized to quinone in the 
course of supersensitization. 

We measured the collection efficiency (—;'R/;'D) for the 
CdS disk-Au ring system as a function of the rotation rate 
in the range 200-1000 rpm. Both disk photocurrent under 
the illumination with the constant intensity and ring reduc­
tion current were steady state quantities and independent 
on the rotation rate. Therefore, no appreciable change of 
the collection efficiency was observed. According to the 
theory of the RRDE system,6 the collection efficiency for 
this rotation rate region is expected to decrease as the rota­
tion rate increases, provided that the rate of the first-order 
reaction between hydroquinone and the supposed oxidized 
species of rhodamine B is the range of 1O-2 to 2 X 102 

sec - 1 . The present result indicates that the reaction rate is 
much greater than 102 sec - 1 . 

When l,r-diethyl-2,2'-quinocyanine was used as the sen­
sitizing dye, just as in the case of rhodamine B, the reduc­

tion of quinone was detected at the Au ring electrode. Fur­
thermore, when potassium ferrocyanide was added to the 
dye-containing electrolyte solution, reduction of ferricya-
nide ion was detected at the ring electrode. 

Based upon the results of the present study, we conclude 
that reducing agents undergo oxidation in the course of 
photoelectrochemical supersensitization at the CdS single-
crystal electrode. 
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Formation of Ruthenium(II) Nitrile Complexes 
by Reaction of Hexaammineruthenium(III) with 
Aldehydes 

Sir: 

Recent reports have shown that under alkaline conditions 
coordinated ligands may effect nucleophilic attack at car-
bonyl centers in organic compounds.1-4 For example, reac­
tions of Co(III) and Pt(IV) ammines with ketones yield the 
corresponding Co(III) and Pt(IV) imine complexes.53 A 
similar reaction between hexaammineruthenium(III) and 
diones produces the corresponding Ru(II) diimine.5a 

We now wish to report the formation of nitrilepentaam-
mineruthenium(II) complexes, (H2N)5Ru-NCR2 + (R = 
-CH3 or -C6H5), in the reaction of hexaamminerutheni-
um(III), Ru(NH 3)6 3 + , with the appropriate aldehydes. 
This appears to be the first report of the formation of a ni­
trile from the reaction of an aldehyde with a transition 
metal ammine nucleophile.5b 

A pKz of approximately 12.4 has been reported6 for the 
Ru(NF^) 6

3 + ion, suggesting almost complete deprotona-
tion in 1 M O H - . Solutions of approximately 0.03 M 
[Ru(NHj)6] Br3 containing a 100-fold excess of acetalde-
hyde or benzaldehyde react rapidly (complete in less than 1 
min based on color change) to produce the nitrile com­
plexes; addition of aqueous NaClCM precipitates the solid 
products. The isolated solids show infrared bands in the 
2200-cm -1 ( P C = N ) region of the spectrum as well as bands 
characteristic of Ru(II) ammines in the 1300-cm -1 region.7 

The ultraviolet-visible and infrared spectra of the products 
are in good agreement with those reported in the literature8 

for the pentaammineruthenium(II) complexes of benzo-
and acetonitrile prepared by the direct action of the respec­
tive nitriles on R u ( N H 3 ) 5 H 2 0 2 + . 

The overall reaction may be represented by the equation 

(H3N)5Ru111NH3
3+ + 2OH- + RCHO + X-* 

(H3N)5Ru11NCR2+ + 3H2O + X" 
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where X represents unidentified oxidant. The driving force 
of this reaction is probably stabilization of the rutheni-
um(ll) nitnle species due to ability of the Ru(II) to back­
bond to unsaturated nitrogen ligands;^° a similar explana­
tion has been involved to explain formation of the Ru(ID 
dnmine species * It is of interest, however, that the diimine 
case requires the participation of an unidentified reductant 
to obtain an overall balanced equation u 

The possibility that the reaction goes through the ruthen-
lum(III) nitnle intermediate seems unlikely because ru-
themum(III nitriles are rapidly hydrolyzed by base to 
amide complexes.12 

Investigations are continuing to establish the nature of 
the oxidant(s) elucidate the kinetics, and explore synthetic 
usefulness of this reaction. 

References and Notes 

<1) Vc, 96W30963 ( ^ f H a r r ° W , i S l d ' an<j ̂  M- S a r 9 e S ° n ' J- Am- ChBm-
<2> J C ^ ' ' t ? ' S? i n s , 0 I d ' B- T- G o l «"9 . A. J. He* . and A. M. Sargeson J. Chem. Soc, Cham. Commun., 980 (1974) ^ y e s o n , 

( ' C ^ S o c i T s t ^ S I 0a97B3) H a r r 0 W " e l d ' a n d A ' M ' S * ^ >>• ^ 
(4) J. MacB. Harrowfield and A. M. Sargeson, J. Am. Chem. Soc, 96, 2634 

(5) (a) I. P Evans, G. W. Everett, Jr., and A. M. Sargeson J Chem Soc 
Chem. Commun.. 139 (1975). (b) We have recently d i L v e r e X r f p o r i 

K 1
9 H m a r L a n d u- J ' S m i t ' Becl Trav- Chim. Pays-Bas UPl£ 

(1963)) descnbmg the synthesis of aromatic and aliphatic nttriles in 
methano solutions containing CuCl2-SH2O, ammonia NaOCH? and I 
vanety of aldehydes (or alcohols oxMizable to aldehydes in these solu 
tons). Nitnle yields of 10-90% were obtained after 6 hr at 30° fn oxv' 

«n RewSatULa ted S°JU^ 0 n s ( a n d m u c h s m a l l e r y^Ws wTth cupr* as oxWann 
' ' m'a^KyS ° r t a n d G ' N a v 0 n ' Chem- Commun.. 1410 (1971) TNs v t ^e 

n n T T S ' S S e J- N- A m e r J- lnor°- »ucl.ChgJ, as joe? 
7 3 ' ° » o b ™ t o *>at the reaction is much slower in 0 01 Mthan 

aV^S^EST" ̂  * »* ̂ * th6 - " o P * " " ^ 
(7) Ruthenium ammine complexes can be readily distinguished as contain-

Si p.- c. ̂ x-SXkZi 7̂ r9ro
9)227 <1970»-

' ' Soc^ril^^ea)'^' R 0 ^ * ' a n d H ^ * ^ C»em. 
<11) SS^a^T**" °' Ru(sn)a2+ t0 ,he * *» . 

nev and l K n « « u ; ' V ™ l 6 c u l a r °xy9en reported by D, F Maho^ 
ney and J. K Beattie, lnorg. Chem., 12, 2561 (1973) 
A. W. Zanella and P. C. Ford, lnorg. Chem 14 42 (197^ m ^ r . = =<>,. senc"°rt r ^ r r f o r the hydroiysis onk^X^irp^o 
For ( H 3 W N C C H 3'I * ° : r e s P ° n d s <° a half-life of about 0.003 sec. 
J^ " 3^ ' 5 " 1 1 NCC6Hs" the rate constant in 1 M OH" is 2000 s « r - i 
and the corresponding half-life about 0.0003 sec. 

10.84 

. " — ^ • ^ M ^ l ' N 

(12) 

Kenneth Schug,* Charles P. Guengerich 
Department of Chemistry, Illinois Institute of Technology 

Chicago, Illinois 60616 
Received April 22, 1975 

Photoelectron Spectrum and Gas-Phase Basicity of 
Manxine. Evidence for a Planar Bridgehead Nitrogen 
Sir: 

The bicyclic amine manxine, 1, has recently been pre­
pared by Leonard and coworkers.' Space-filling (CPK) mo­
lecular models of this amine show that it is highly strained 
as a result of transannular interactions between the hydro­
gens in the three three-membered bridges. The crystal 
structure of the hydrochloride salt of manxine indicates that 
hese bridges flatten by expanding the C-C-C angles in the 

three-membered bridge to 117-120°, while the bridgehead 

™H,TI T C a n g l e s a r e 1 1 4-H6°.2-3 Molecular 
models of manxine suggest that much of the transannular 
strain can be relieved by permitting the nitrogen to assume 
a planar geometry. Recent force field calculations and the 
high solvolytic reactivity of manxyl chloride have placed the 
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7 8 9 
IP (eV) 

,W8"/!/" fh ,° 'o e l e c t r o n sPe"™ f°r the first (lone pair) bands in manx-
ne and related amine, at 25°. The energy scale for NH3 has been off­

set to show its peak shape relative to the alkylamines. 

strain relief for conversion of manxyl chloride (bridgehead 
u 77 , 4% \ t 0 a p l a n a r "13My' cation at ca. 6-8 
kcal/mol* Since the inversion barriers of alkylamines are 
only ca. 4-6 kcal/mol,* it is expected that there should be 
more than sufficient strain energy relief to overcome the ni­
trogen inversion barrier for manxine to adopt a planar 
bridgehead configuration. We report here the gas-phase 
photoelectron spectrum and gas-phase basicity of manxine 
which provide evidence for a planar configuration at nitro­
gen in manxine. 

The photoelectron spectrum of ammonia (Figure n 
shows vibrational structure with a frequency (ca 970~>) 
characteristic of the nitrogen inversion.* The radical cation 
produced is expected to have a planar equilibrium geomet­
ry, hrom magnified scans near the onset of the first band 
"! ,A f0

mn??7la s P e c t r u m ' w e a k bands appear at 10.07 and 
at 10.18 eV.'Although alkyl substitution generally shifts 
the position of the nitrogen lone pair band strongly and 
broadens and obscures the vibrational fine structure, the 
shapes and widths of the bands stay remarkably similar to 
the envelope of the ammonia peaks with the difference be-
ween the onset (adiabatic IP) and the vertical IP usually 

18-21 kcal/mol.7.8 This is illustrated for triethyl- and tri-
n-propylamine in Figure 1 and Table I. 


