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These results may be explained on lines well known 
for inorganic semiconductors. The chloranil mole­
cules are taken to accept electrons from the protein, 
creating positive holes in its conductivity band8 • On 
the oth_e~ hand, -~ater is an electron donor, and by 
neutrahzmg pos1t1ve holes lowers the conductivity 
of the bovine plasma e.lbumin-chloranil complex. 
Ammonia gas shows a similar electron-donor 
behaviour to water, as would be expected. The twelve­
fold increase in resistivity is consistent with a filling 
up of the positive holes (106 increase) followed by a 
donating of electrons into the conductivity band 
(IO• decrease). It seems probable, therefore, that in 
the living cell proteins may show N (negative) or 
P (positive) behaviour, depending on their environ­
ment, whether aqueous or lipoidal, presence of 
electron acceptors, free radical sources, etc. It is 
possible that further work will show that such 
changes in conductivity may result in steady-state 
values sufficiently high to be significant for modeiis 
of electron-transport1, carcinogenesis• and other 
phenomena in the living cell . 
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Semiconductivity in Hydrated H.emoglobin 
HlEMOGLOBIN is regarded as a model for a large class 

of oxidation enzymes, where electron mobility may 
be of biological signi:ficance10 • In the dry state its 
very low specific conductivity, about 10-18 n-1 cm.-1 

at 30° C., is attributed to electron and hole mobility1 

in the CO .... HN bridge system•. Water is adsorbed 
on natural, or methanol-denatured, haimoglobin, 
corresponding to a Brunauer-Emmett-Teller 'BET 
monolayer volume' V m of 319 moles/IO• gm. protein, 
whereas a close-packed monolayer of water molecules 
over all the molecular surfaces throughout the 
crystal would involve 1,160 moles/105 gm. proteinu. 
The molecular dimensions for the latter calculation 
are taken from X-ray data12 which also show that 
water molecules do not penetrate within the actual 
molecules, but only over the molecular surfaces. We 
have studied the effect of adsorbed water on the 
semiconductivity of a solid specimen of methanol­
denatured hremoglobin, allowing three days for 
equilibrium for each point. The result in Fig. I shows 
that there is a large increase in conductivity which 
reaches a constant value at about V m· Thereafter, 
there is little change until a relative vapour pressure 
of about 0 ·9, corresponding to 4 Vm, when the con­
ductivity increases sharply to about 10-• n-1 cm.- 1 

at 30° C. 
Following the result of the previous communica­

tion it, is suggested that initially water molecules are 
held on special sites and donate electrons into the 
conductivity band of the protein molecule giving an 
'N-t,ype (negative) protein', where a high mobility is 
expected throughout the crystal•. To accord with 
earlier suggestions13, and the increase in conductivity, 
these sites may be CONH groups adjacent to polar 
side chains. This view differs from that of Baxter10

, 

who suggested that electrons tunnelled from one 
adsorbed water molecule to the next. As the physical 
surface becomes filled up around 4 V m, we expect, 
proton conduction to set in within the monolayer of 
adsorbed water, along lines suggested by Riehl1•. 
Prot,on conduction, with 10-• n-1 cm.-1, has been 

K 

Io 

j 
H 

N HK G 

0 ·2 0 ·4 0 ·6 0 ·8 
moles water/100 gm. protein 

Fig. 1. Specific conductivity a, !r• om.-1 as a function of adsorbed 
water for nylon at 25° C. (N) (ref. 9), keratin at 25° C. (K) (ref. 9), 
gelatin at 32° C. (G) (ref. 11) and hremoglob!n (H) at 30° C. The 
arrows mark the values of the Brunauer-Emmett-Teller monolayer 

adsorption (refs. 11 and 17) 

demonstrated for keratin with 15 per cent water16 , 

about 2_-5_V_m 17 (see Fig. 1). Similar 'high' specific 
conduct1v1t1es may be calculated for gelatine with 
2 ·5V 111 adsorbed water18 • It may be that the relativeh· 
marked effect of water on the conductivity of thes'e 
two fibrous proteins, and its even more marked effect 
on nylon16,19 point to the operation of yet a third 
effect due to adsorbed water on flexible chain mole­
cules containing CONH groups, that is, the plasticizing 
effect of water molecules on chain movement, facili­
tating transfer of protons between NH and CO group,; 
in different chains, first described by Baker and 
Yager19 • 

Chemistry Department, 
University of Nottingham. 

D. D. ELEY 

D. I. SPIVEY 

1 Cardew, M. H ., and Eley, D. D., Disc. Faraday Soc., 27, 115 (1959). 
• Eley, D. D., and Spivey, D. I., Tra.ns. Faraday Soc. (in the press) . 
• Eley, D . D., and Willis, 11{. R ., Proceed!n~. Duke University Con­

ference, April 1960 (to be published by Interscience Pub.). 
• Eley, D. D., Disc. Fa.rad. Soc., 20, 282 (1955). 
'Eley, D. D., and Inokuchi, H., Proceedings of 1957 Conference on 

Carbon (Pergamon Press, 1959). 
• Eley, D. D., Inokuohi, H., and Willis, M. R ., Disc. Fa.rada.y Soc., 28, 

54 (1959). 
' Tollin, G., Kearns, D. R., and Calvin, M., J. Chem. Phys., 32, 1020 

(1960). 
• Evans, M. G., and Gergely, J"., Biochim. Biophys. A.eta, 3, 188 (1949). 
'Mason, R., Disc. Farada.y Soc., 27, 129 (1969). 

10 Szent-Gy0rgyi, A., Na.t,ure, 148, 157 (1941). 
11 Cardew, M. H., and Eley, D. D., "Fundamental Aspects of the 

Dehydration of Foodstuff's", 24 (Soc. Chem. Indust., 1958). 
"Bragg, L., Howells, E. R., and Perutz, M. F., Proc. Rny. Soc., A, 

222, 33 (1954). 
10 Pauling, L., J. Amllr. Chem. Soc., 87, 555 (1945). 
"Baxter, S., Trans. Farada.y Soc., 39, 207 (1943). 
11 Riehl, N. V., Z. Fiz. Khim. (U.R.S.S.), 29, 1537 (1965). 
11 King, G., and Medley, J. A., J. Coll. Sci., 4, 1, 9 (1949). 
"McLaren, A. D., and Rowen, ;r, W., J. Pol. Sci., 7, 289 (1951). 
11 Niven, C. D., Tra.ns. Fara.day Soc., 54, 441 (1958). 
11 Baker, W. O., and Yager, W. A., J. Amer. Chem. Soc., 84, 2171 

(1942). 


	Semiconductivity in Hydrated Hæmoglobin

