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ent cystine content of these urines on standing, as indicated by the 
Sullivan method, has also been observed by us. 
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A Preliminary Analysis of the Spectra of Some Hemoglobin 

Derivatives. * 
DAVID L. DRABKIN. 

From the Department of Physz'ohgical Chemistry, Schod of Medicine, Unhmsity 
of Penszsglvaizia, Philadelphia. 

The absorption spectra of oxyhemoglobin, carboxyhemoglobin, 
cyanhemoglobin, methemoglobin ( pH 5.9) and methemoglobin ( p H  
9.2) have been studied quantitatively in both the visible and ultra- 
violet regions. 

The absorp- 
tion curves are all very different in the visible region, h t  exhiblit a 
general similarity of shape in the ultraviolet where most of the light 
absorption is evident. 

The absorption curves of certain far simpler substances have 
yielded to an analysis which resolves the complex of peaks and 
troughs into a series of curves (bands), whose summation gives the 
observed ahsorption pattern.' Bands whose peaks are at  equal fre- 
quency distances from each other may be considered to  possess an 
intimate relationship, and probably represent the same fundamental 
disturbance in the molecule caused by the absorption of energy. 
This is an important deduction since it greatly simplifies the inter- 
pretation of a complex absorption curve. 

It is noteworthy that this type of analysis may be applied to the 
absorption curves of such complex molecules as these various hemo- 
globin derivatives. The spectrum of cyanhemoglobin is composed of 
a single series of bands, spaced at regular intervals. The absorp- 
tion curves of the other pigments studied possess bands which be- 
long to the same series, although they also show other bands. Cyan- 
hemoglobin and oxyhemoglobin may be used as examples (Table I). 

These pigments have complex absorption patterns. 

*This work was aided by a grant from the Faculty Research Fund of the 
University o i  Peniisplvanin. Part of the work was carried out in the Eastman 
Laboratory OZ Physics of the M:issachusetts Institute of Technology, by the kind 
permission of Professor George R. Harrison. 

1 Hagenbach, A., and Percy, R., Iielv. Chim. Acta, 1922, 5, 454. Brode, W. R., 
Proc. Roy. SOC. (Lona.), A, 1928, 118, 286. 
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TABLE I. 

Uncorrected Position of Peaks- 
Cyanhemoglobin Oxyhemoglobin v x 102 in 

X in mp Y x 102 X in mp v x 10-2 Multiples of 60 

575 174 
545 184 540 185 3 
418 239 415 241 4 
351 285 345 290 5 
272 3 68 276 362 6 
229* 437 240" 417 7 

"Readings in this spectral region are uncertain. 

This preliminary analysis permits the following tentative deduc- 
tions to be drawn: All the hemoglobin derivatives have bands which 
belong to a single series, the members of which may be expressed 
by n =  n represents a simple integer, such as 3, 4, 5, 6, 
and 7, which are demonstrable in the regions of the spectra studied. 
This series of bands is probably related to the general structure of 
the hemoglobin molecule. 

The so-called a-band of oxyhemoglobin (peak at A 575 mp) 
probably belongs to another series. Since a similar discrepant band 
is present also in the spectrum of carboxyhemoglobin this portion 
of the absorption curve may be related to the union of hemoglobin 
with 0, or CO. 

Upon the basis of this analysis the possible existence of absorp- 
tion in the infra-red may be prophesied. In the case of cyanhemo- 
globin, for example, the first 2 members of the - series would 
be expected at approximately A 1660 mp and A 830 mp. 

y x lo-." 
60 
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.From the Laboratory of the Experimental Dilvhg Ulzlit, Navy Pard, Washimgton, 
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In a series of studies to determine the effect of increased air pres- 
sure on the human body, encountered in deep sea diving, one of the 
most important things to determine is the velocity of Mood flow 
during rest and exercise at normal and increased air pressures. 




