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Table 1. Electron-spin resonance observations on various samples from photosynttetic 
material. The g value of the resonance was 2.00; at room temperature, the width between 
points of maximum slope was approximately 10 oersteds; at - 140°C, the width between 
points of maximum slope was approximately 15 oersteds: Light quality: 5800 < h < 8000 

mass and positive charge will move just 
like a particle of positive mass and nega- 
tive charge. Wolvever, it will give rise to 
an electromagnetic field of its own, 
which is determined entirely by its 
charge and velocity and is independent 
of the sign of its mass; hence two such 
hypothetical particles can be distin-
guished by the effects they have on other 
particles, even though they cannot be 
separated by a mass spectrograph (which 
determines only the ratio of charge and 
mass). 

Suppose that particles with negative 
mass should be discovered one day, and 
suppose that we should succeed in incor- 
porating them into macroscopic matter. 
'Then such matter would not be polarized 
gravitationally under the influence of an 
cxternal gravitational field, and there-
fore it would not exhibit the kind of 
shielding properties that a dielectric does 
with respect to electrostatic forces. Only 
if the negative-mass particles possess an 
electric charge is it conceivable that such 
matter would be polarized gravitationally 
by means of an applied electric field. 
Even then, if the negative mass of these 
hypothetical plrticles should be of the 
same order of magnitude as the positive 
mass of particles now known (protons, 
neutrons, and the like), the shielding 
effect will be negligibly small. 
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Primary Quantum Conversion 

Process in Photosynthesis: 

Electron Spin Resonance 


Some years ago, on the basis of a 
study of the kinetics of the Hill reaction 
in flashing light ( I ), together with a 
variety of independent observations in-
volving both chemical and kinetic stud- 
ies of photosynthesis as well as the ki- 
netics of some experiments on lumines- 
cence (2),a proposal was made con-
cerning the nature of the early processes 
in the transformation of electromagnetic 
energy into chemical potential. This pro- 
posal involved an ordered array of chlo- 
rophyll and collateral molecules, sug-
gested by the structural detail, which 
has been provided for the photosynthetic 
organelles of green plants. 

The  sequence of events was to be an 
absorption leading to the first excited 
singlet state of chlorophyll, ~vhich then 
was converted into a triplet excitation, 
follolved by an ionization process that 
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A. 

Substance 
- ~ 

Dried leaves 
Dried whole chloroplasts (8j 

\Vet whole chloroplasts ( 9 )  

Wet srnall chloroplast fragments ( 9 )  
Wet largc chloroplast fragments ( 9 )  
Wet large chloroplast fragments 

Light 
intensity 

Low* 
Low* 

Low* 

Low* 
Low* 
High? 

--p 
-~ 

Tcmpera- Signal 
ture growth 
( " c )  time 

~ 

25 Minutes 
25 Minutes 
60 Seconds 
2 5 Seconds 

- 140 Seconds 
25 Seconds 
25 -30 sec 
25 - G sec 

-- 110 - 10 sec 

Signal 
decay 
time 

~ 

Hours 
Hours 
Seconds 
Minutes 
Hours 
Hours 

,+ 30 sec 
-.	30 sec 

HoursWet large chloroplast fragments High.! 
. -~ --	 .---

" Low light intensity: approximately l Q ' ~ u a n t a / s e c  i n t ~  c a ~ i t y ;  the number of free electrons at equilihriuri~ 

was approximately 1010. 

'1 High light intensity: approximately lO'"quanta/sec into cavity; the number of free electrons a t  equilib- 


.-

rium was approximately 10LG. 

would lead to a trapped electron and a 
hole, these two entities being the reduc- 
ing and the oxidizing components bvhich 
must be simultaneously generated. A 
p w t  of the process involved the cx-
tremely rapid neutralization of the hole 
by capture of an electron from water, or 
a product formed from it (3 ) .The re- 
sultant material would then ultimately 
appear as molecular oxygen. The elec- 
tron, on the other hand, ~vould pass 
through a series of carriers (hydrogen 
carriers? such as are well known in bio- 
chemical procpsses (thioctic acid, pyri- 
dine nucleotide, flavin, and so forth) 
ultimately lcading to the reduction of 
carbon dioxide. 

Although the observation of transient 
change5 in the absorption spectrum of 
these particles during such a proccss lias 
been pointed out ( 4 ) ,it has been difficult 
to identify the species responsible from 
such absorption changes in this complex 
of pigments. I n  such a sequence, one 
might expect another physical property, 
more characteristic of at least two of 
these species, to be observable--namely, 
the magnetism of the triplet state of 
chlorophyll and the magnetism which 
would be associated with the trapped, 
unpaired electrons. 

Although the direct observation of the 
total changes in magnetic susceptibility 
under illumination would be extremely 
difficult, it seemed likely to us that the 
sensitivity of the method of electron-spin 
resonance might provide the means of 
ma kin^ such a direct observation. and 
work was undertaken toward this end 
at that time ( 5 ) .  Enrl) observations on 
various kinds of leaves and other plant 
materials gave indications that such an 
electron spin signal would appear under 
illumination. and in the middle of last 
year a report of the existence of such a 
light-induced signal in chloroplasts ap- 

peared (6 ) .  From the data presented 
then, as well as our own at  that time, 
it was not possible to decide on the na- 
ture of the material responsible for the 
signal. This material not only could have 
been the ch loro~h)  11 triplet, as proposed, 
or the trapped electron, but it may also 
have been radicals of the semiquinone 
type among the hydrogen carriers on the 
p ~ t h  between the trapped electron and 
carbon dioxide. 

One possible way of eliminating sec- 
ondary chemical reactions as a potential 
source of the signal is to reduce the tem- 
perature at ~vhich the illumination is 
carried out and determine the effect of 
this on thc rate at which the signal ap- 
pears. A further variable that seemed 
important to us in the determination of 
thd growth time of the signal was the 
rate at which quanta of light are actu- 
ally impinging upon the sample. This 
we have also varied. And, finally, the 
nature of the green sample that is being 
examined may be expected to determine 
the growth and decay times of all the 
various magnetic species we have men-
tioned. The electron-spin resonance spec- 
tra of various samples under a variety 
of conditions were observed at a fre-
quency of 9 3 k?vlcy/sec ( 7 ) ,  and the 
results are given in 'Table 1. 

I t  is thus clear that the shortest growth 
times that we have so far obscrved are 
definitely limited by the rate at which 
quanta arrive at the sample. Second, it 
ir clear that cooling to - 140°C- at this 
temperature we mny expect that none of 
the ordinar) enzymatic reactions will 
proceed at measurable rates-does not 
significantly lengthen the time required 
for the full signal to appear, while it 
does \cry materially lengthen the time 
required for the signal to disappear after 
the light is turned off. These facts are 
consistent xtith the idea that the signal 



is produced by the product of a physical 
process only, as distinct from an cnzy-
rnatic or chemical one, as rve normally 
conceive of it. T h e  observation of a ther- 
mal luminescence and scmico~lductivity 
for dried cl~loroplasts has recently been 
reported and interpreted as cotliistent 
with the idea that the chloroplasts havc 
sorn? of the properties of srmico~lduc-
tors (8 ) .  

T h e  asymmetry of thc signal itself 
( i ) ,together tvith the fact that the de- 
cay and probably the gro~t-th is not a 
simple, single logarithmic one cvp11 a t  
- 140°C, seems to indicate that more 
than onc species is responsible for the 
over-all signal tvhich we ree. Arno~lg 
therr spccirs may be the chlorophyll trip- 
l r t  (as mentioned rarlicr),  the trapped 
electron, and, finally, some species of 
f r r r  radical resulting from thr  direct dis- 
sociation of a chemical bond in thr  ab- 
sorption act. While it is possible to sup- 
p o s ~  that the cooling \<-ould enhancc thr 
lifetime of thr chlorophyll triplet to the 
extrnt of hours, it dors not seem likrly. 
We a r r  thus lrft with the trapped elec- 
tron and the possibilities of a dissociatrd 
bond. 

I t  is prrhaps ~vorth  noti~lg that, ~ z h a t -  
cvrr the nature of the unpaired electron 
procluci~lg this signal, its coupling ~v i th  
the lattice arou~lcl it must be rathrr poor 
in order that it can produce a signal as 
narro1l- as thr  one rve ser. This suggests 
that it is located in a rather drlocalized 
pi-type of orbital. I t  is to be exp~c tcd  
that improvi.me~lts in trch~liquc tvill 
lead to a rnore precise idrntification of 
the 1-ariety of unpaired electrons which 
almost crrtainly result from thr  illumi- 
nation of the photochemical apparatus 
in pla~lts. 

L~f~.r.vr;.rCALVIN 
Po'I\;F.RB. SOGO 

Dc~flnrtlnc~ntof Chclni.ctr), and 
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Effect of Psychiatric Disorder 

on Visual Thresholds 

Follo~<inga wartime observation that 
neurotic patients tended to obtain lower 
?cores than ~lorrnal subjects on tr.sts of 
"night visio11," several cxperilne~lts (1) 
havc been undertaken in which the night 
vision of normal, neurotic, and psychotic 
groups has been compared. .lfairly co11- 
sistcnt finding of this research is that, on 
the average, psychiatric patients have 
raised intensity thresholds duri~lg the 
course of dark adaptation ( 2 ) .  

T h e  rnost grncral cffect of psychiatric 
disorder is, apparently, to elevate the 
dark-adaptation curve along the log-lu- 
rninancr axis rvithout changing its shape 
(see Fig. 1) . The  cxtrnt of the displace- 
ment varies sornrx-hat from one i~lvcsti- 
gation to another br t~zccn about 0.1 and 
0.5 log,, unit. T h e  cffrct of psychiatric 
clisorc1r.r seerns to be equivalrnt to that 
of placing a neutral density filter in front 
of the subject's cyes, thus necessitating 
a greater amount of light to produce a 
threshold rcspollsr. 

I n  this rrsprct, the effect of psychiatric 
disorder may be colnpared rvith that of 
anoxia, ~vhich also trnds to shift the 
dark-adaptation curvc along the intrn-
sity axis without affecting its shape, by 
arnounti \-arying bettvren 0.1 and 0.4 
log,, unit, dcprnding on thr degrrc of 
anoxia ( 3 ) ..I similar effect has b r rn  pro- 
ducrd by insulin hypog1ycrmi;l ( 4 )  and 
by alcohol ( 5 ) .  I n  all three cases, the 
most plausiblr cxxpla~lation of the cffect 
scrrns to bc that these conditio~ls lead to 
a depression of central ncrvous activity, 
either in the retina or a t  highrr levels 
of the visual system. 

I t  serrns possible that sorne of the ef- 
fects of psychiatric disorder on visual 
thrrsholds may also reflect cha~lgcs in 
thc ncrvous system of a similar type. 
Oxygen drficimcy has from time to tirnr 
bern reported to occur in psychotics and 
to a lrssrr extent in neurotics (6):while 
Gellhorn e t  al. ( 7 )  havr rrportcd morr 
insulin in psychotic patients than in nor- 
mal subjects, u~lcler strcss conditions. 
More rccrntly Shagass and Nailnan (8) 
have provided evidence of a r ~ d u c e d  
central excitability in hystrrics, as deter- 
lninrd by their "sedation thrcsholds'' for 
socliurn amytal. Although the evidence 
011 the physio1ogic:il side is far from satis- 
factory, it xvould seem that a hypothrsis 
of lo~zered central rxcitability in thr  
visual svsteln mrrits at least as rnuch 
considcr:ition as possible altcr~lativp ex- 
planations of a rnorc psychological nature 
phrast,cl in pcrceptual terms (for discus- 
sion, see 2 ) .  

T h e  ilnplications of the rxperinlental 
results and the suggested hypothrsis may 
be considrred from several voints of view. 
As far as visual rrsearch on dark adap- 
tation is coilccr~lrcl, it should be noted 
that psychiatric disorder docs not in gcn-

era1 alter either t h ~  t h a p e  of the datb- 
adaptation curkc or the total range of 
adaptation; hrncc, it seems unlikely that 
the actual mechanism of adaptation is 
affected. The  shift of the curvc along tllc 
intensity axis can be accounted for in 
terrns of a depression of activity in the 
visual path~zays, completely unrelated to 
the dark-adaptation process itself. T h c  
results do not, therefore, conflict with 
the photochelnical theories of dark adap- 
tation proposed by Hccht and others, nor 
do they provide any evidence for neural 
nlccha~lislns in dark adaptation. They 
may, hor\ever, libe the studies of anoxia, 
suggest the need for a broader basir for 
visual theories b) folcing photochemical 
throrists to make explic~t and cl(~\clop 
factors that arc. implicit in thrir rqu.1-
tioms and rrgarded as srcondary or con- 
stant (for examplc, thr efficiency ~v i th  
tvhich the conclucting system deals 13 it11 
the products of pl~otochernical reactions). 

From the broadcr vietvpoint of psy-
chiatry, abnormal psychology, and ncuro- 
physiology, the rcsults are perhaps of 
greater interest, for they may provide 
further rviclencc of the value of visual 
thresholds as i~lclicators of changrs of ex- 
citability of thc central nrrvous systcln. 
.Is McFarland ( 9 )  has pointed out, visual 
thrcsholds appear to have ccrcain ac1v;in- 
tages ovrr othrr psychophysiological 
fu~lctio~ls as quantitative indices of 
"physiological imbalance" tvith regard to 
sc~lsitivity, to the precision tvith ~zh ich  
the physical measurements involvrd !:an 
br madc, and to thr  fact that the subject 
is not ax-are of the changes in thr  physi- 
cal intensity of the stirnulus that are 
necessary for him to see it, since a t  
threshold the stimulus alx-ays has the 
same apprarance. Ho~zi.vcr, like critical 
flicker frequency ( C F F ), now bring 
~vidcly used for this purpose, absolute 
thrrsholds taken during dark adaptation 
are not specifically rclatrd to any par- 
ticular physiological stress or abnormal 
conditio11. This ~~.oulcl  seem to reduce 
thrir practical value in psychiatric diag- 
nosis. 

Froln thc rcsults so far obtaincd, 
therr scclns no irnrnrdiatc likelihood of 
distinguishing, 011 the basis of threshold 
incasurrrnrnts alone, psychotics from 
neurotics, hysterics from depressives and 
psychopaths, or, for that matter, pqy-
chiatric patients suffering from fu~ic-
tional disorders from patients having 
various organic disrascs. I n  consrqucncc3, 
considerable caution is necessary rvhrn 
rrsults arc i~lterprrtccl from the psy-
chiatric vie13 point and, as Simo~lso~l  and 
Hrozck (10) point out rlsetvhere in their 
review of studies of critical flickrr fre- 
quency, "As a rule, additional informa- 
tion obtai~lccl by i~~c leprnc le~~t  methods 
is drsirable for rnorr specific correla-
tions." 

In  spitr of this, thc possibility should 
not be ovcrlookcd thst rnorr detailed cx- 
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