
-- 

humidity under which leaves develop in 
Florida. 

Froni the evidence obtained, it appears 
conclusive that the unique chlorotic leaf 
pattern on citrus that appears in associa- 
tion \tit11 triple-superphosphate manu-
facturing plants is the result of the fluo- 
rine evolved in the process of manufac- 
ture ( 6 ) .  

I .  IIT. TVANDER 
J. J. MCBRIDE,JR. 

Citrus Ewpe~irnent Station, 
Lake Alfred, Florida 
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Photochemical Reactions of 
Nitrogen Dioxide and 
Hydrocarbons in Air 

T h e  principal chemical characteristic 
of Los Angeles smog is the presence of 
relatively high oxidant concentrations. 
T h e  nature and genesis of the oxidant 
have been the subject of intense study 
during the past several years. Haagen- 
Sniit and coworkers (1,2 )  have investi- 
gated the photocheniical reactions of a 
series of synthetic mixtures of nitrogen 
dioxide and hydrocarbons in both oxy- 
gen and air carriers. Concentrations of 
the reactants were in the range of parts 
per million. O n  irradiation from poly- 
chromatic sources. such as the sun or 
blue fluorescent lamps, oxidant was pro- 

Table 1. Photolysis results with full mer- 
cury arc (Hanovia Type A ) .  

Concentrations (ppm) 
-

Time
(hr)  3-methyl NO2 


hep- ?;?' Ozone recov-

lane In~tial  ered 

3 13.2 1.36 0.89 0.08 
1 14.7 1.47 0.33 1.44 
1 8.9 0.76 0.38 1.07 
3 20.4 0.93 0.86 0.24 

17 10.0 0.48 0.53 0.18 
3 3.5 0.65 0.97 0.05 
3 0.97 0.50 0.59 0.20 
5 0.00 1.11 0.0 1.47 
3 3.9 0.72 0.2" 0.51 
3 2.3 0.72 0.44 
3 1.35 0.48 0.39 0.51 
3 0.04 0.50 0.0 0.76 
3 3.3 0.00 0.00 0.00 

" Corning -5380 glass filter 2 mm thick cut out 
3130 A radiation but passed 60 percent of 3660 A. 

5114 

duced that was manifested by its ability 
to crack stressed rubber and to oxidize 
alkaline phenolphthalin reagent. 

A verification of Haaren-Smit's find- " 
ings was carried out in the course of our 
study of the photochemical reactions of 
trace constituents in the atmosphere (3).  
T h e  purpose of this coniniunication is 
to report the nature of the verifications 
obtained. 

A series of experiments was run by 
one of us (A. A[.) at  California Insti- 
tute of Technology laboratory of Haa-
yen-Smit ( 4 ) .  A number of 5-lit flasks 
containing heptene-2 at 3 ppm and nitro- 
gen dioxide a t  0.1, 0.4, 1.0, and 3.0 ppm 
in humidified air Tvere irradiated for 10 
hours with a bank of IlTestinghouse 4 0 . ~ ~  
fluorescent lampr. T h e  flasks contained 
suspended strips of stressed rubber as 
oxidant traps (5 ) .T h e  degree of rubber 
cracking rose from zero to high values 
as a function of NO, concentration. 

T o  determine the reproducibility of 
the quenching effect reported ( 2 )  a t  ele- 
vated hydrocarbon concentration, several 
runs were made in the same system using 
NO, a t  1 ppni and 3-methyl heptane a t  
1 and 700 ppm. After 10 hours of irradia- 
tion, cracking of rubber was confirmed 
at the 1-ppm hydrocarbon level, with no 
cracking found a t  the 700-ppm concen- 
tration level. 

Investigation of the photochemistry of 
the NO,-3-methyl heptane systeni con-. 
tinued in our laboratory. A 2-lit Vycor 
photolysis flask was ~vrapped in alumi- 
num foil except for an opening to admit 
the collimated radiation from a I-Ianovia 
Type A mercury arc that was filtered 
xtith a Pyrex filter to cut out radiations 
a t  tvavelcngths belo~v 3000 A. T h e  use of 
the reflective lining on the flask to form 
a multiple reflection systeni Tvas neces- 
sary to achieve sufficient light intensity 
~v i th  this systeni. A relatively uniform 
radiation flux was thereby obtained. T h e  
radiation intensitv. as determined tvith 

2 ,  


a photoelectric probe, Tvas approxirnately 
the same as that of noon sunlight in the 
ultraviolet region but considerably less 
in the visible region. 

At the conclusion of photolysis, the 
reaction mixture was passed through 
liquid-oxygen-cooled traps packed with 
glass beads and then through a train of 
three bubblers containing alkaline phe- 
i~olphthalin reagent. Oxidant values were 
obtained by spectrophotornetric measure- 
ment of the partially oxidized reagent 
mixture. Controlled experiments rc-
vealed that NO, xtas efficiently trapped 
in the freeze-out traps and did not con- 
tribute to oxidation of the reagent. Pre- 
sumably, oxidants less volatile than NO, 
(peroxides, and so on)  would also be 
trapped. T h e  physical evidence thcre-
fore points strongly to ozone as the prin- 
cipal oxidant product of the photochem- 
ical reaction. 

Typical results of irradiation of NO, 
and 3-methyl heptane in oxygen are given 
in Table 1. No ozone xt as obtained xt hen 
either the NO, or the hydrocarbon was 
omitted. Recovery of NO, from the 
fre~ze-out traps was checked by analysis 
xvith the Saltzman reagent ( 6 ) .  A tend- 
ency toxvard high recovery by this 
method has not been completely re-
solved, but the results consistently sho~v  
low recovery (or none) in photolyses in 
xvhich an  appreciable quantity of ozone 
was found. 

These experiments support the finding 
of Haagen-Smit that traces of NO, and 
hydrocarbon in air undergo a photo-
chemical reaction to produce ozone. 
Furthermore, NO, is consurned in the 
course of the reaction, indicating that 
NO, is more than a radiation absorber. 
IITork is in progress to determine thc 
stoichiometric relation between ozone 
formed and NO, consumed. A paper 
presented late last year by Hanst and co- 
workers ( 7 )  confirms the oxidant as 
ozone by infrared spectroscopy and also 
shows disappearance of NO, as the reac- 
tion proceeds. 
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Temperature Control in the 
Measurement of Particle Volumes 
by the Isopiestic Method 

Crozier has recently reported (1) some 
observations on the relative volurnes of 
srnall droplets (diameter about c m )  
of sodium chloride solutions equilibrated 
in atmospheres of varying water vapor 
pressure. Rather large discrepancies \ \ere 
noted bet~veen observed volurnes and 
those calculated from I C T  values for 
the vapor pressures of S a c 1  solutions a t  
the temperature employed ( 2 j ° C ) ,  
which the author xvas unable to explain. 
T h e  particle sizes xvere in the range 
xvhere the Thompson-Gibbs effect is 
slight, and this effect lvas, in  any case, 
allowed for. T'Ve have been performing 
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experiments ( 2 )  similar to those re-
ported by Crozier and have observed ef- 
fects that can cause the discrepancies 
noted. 

The isopiestic method (3) invo!vcs 
the equilibration, in an enclosed space, 
of solutions of nonvolatile solutes in the 
same solvent. At equilibrium, the activ- 
ity of the solvent is the same in all the 
solutions. The  use, at  a fixed tempera- 
ture, of a large quantity of a suitable 
saturated solution in contact with excess 
solute provides a fixed, known vapor 
pressure within the enclosed space. If 
droplets of a second solution are in 
equilibrium with this vapor, their com-
position is determined by their tem-
pcrature and by the vapor pressure. 
Crozier's microscopic droplets of sodium 
chloride were deposited on Dri-Film or 
Teflon slides and exposed in a closed 
box to atmospheres of several different 
water vapor pressures. Observed drop 
diameters were converted to drop vol- 
umes, assuming hemispherical particles. 
The  relationships between these volumes 
were considerably different from those 
predicted from I C T  vapor pressure and 
density data (Fig. 1 ) .  

Crozier assumed that his droplets were 
at the same temperature as the air and 
the saturated solutions within his small 
observation box. I n  similar studies, how- 
ever, we found that a significant tem-
perature differential existed between the 
droplets and the air to which they were 
exposed. U'e passed air that was condi-
tioned to various water contents and 
maintained at 25.0°C through an obser- 
vation cell containing upper and lower 
windows. A microscope lamp, equipped 
with a water cell, illuminated the sub- 
stage mirror of a microscope, upon whose 
stage the observation cell was placed. 
Droplets of XaC1 solution ( in  the 
same size range as those of Crozier) 
were deposited upon a glass cover-slip 
about c ~ nthick, and the cover slip 
was inverted to form the upper window 
of the observation cell. An oil immer-
sion lens was used to observe the par- 
ticles through the glass, and a fine ther- 
mocouple was placed in the oil in 
contact with the glass surface. 

The  thermal resistance of the glass 
being relatively slight, the temperature 
of the particles could be taken as nearly 
equal to that of the thermocouple. Other 
sensitive thermocouples were employed 
to measure the air temperature and 
humidity. The  microscope and all the 
apparatus were installed in a constant-
temperature room at 25OC. Under these 
circumstances, it was observed that the 
cover-slip temperature started to rise as 
soon as the (water-cell equipped) micro- 
scope illuminator was turned on, and 
that it continued to rise until there was 
more than 0.5OC difference in tempera- 
ture betrveen glass and air. 
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In  previous work, even larger varia- 
tions in the cover-slip temperature had 
been noticed when the apparatus was lo- 
cated in a room where the temperature 
was not closely controlled. O n  warm 
days, the junction in the immersion oil 
indicated temperatures considerably 
higher than 25OC, despite the large vol- 
ume (about 8000 cm" of 25.0°C air 
passing through the small cell (about 25 
cm3)  each minute. 

As a result, NaC1 crystals on the cover- 
slip sometimes did not pick up moisture 
until the relative humidity of the 25.0°C 
air passing through the cell was raised 
to more than 80 percent, whereas 75.5 
percent should initiate particle growth. 
I t  seemed reasonable to believe that heat 
was being conducted to the oil and the 
cover-slip by the microscope. 

I t  is apparent that, when relatively 
large plane surfaces are used for the 
support of droplets, heat transfer from 
surface to droplet can introduce serious 
error. As a matter of fact, the resistance 
to heat transfer that is offered by the air 
near the particles is so great that the 
thermal resistances of the droplets them- 
selves are of negligible effect. T h e  par- 
ticles are essentially at the same tem-
perature as the surface that supports 
them, even though the nearby air may 
be warmer or cooler. 

We have recalculated the equilibrium 
relative humidities that would have ex- 
isted at the surfaces of Crozier's NaC1 
droplets, if his Teflon and Dri-Film sur- 
faces (and his droplets) were, for ex-
ample, 0.8OC warmer than the saturated 
solutions contained in his box. With 
water at  25.0°C, assuming equilibrium 
in water concentrations, the slide surface 
at 25.8OC would be exposed to a rela-
tive humidity of 95.4 percent instead 
of 100 percent. Similarly, saturated 

Fig. 1. Relationship of droplet volume to 
relative humidity. Solid line connects typi- 
cal experimental points (0)obtained by 
Crozier ( I ) .  Broken lines are the calcu- 
lated relationships based on vapor pressure 
and density of NaCl solutions; points 
marked (+) represent Crozier's data cor- 
rected as indicated in the text. 

(NH,)H,PO, would yield a local rela- 
tive humidity of 88.7 percent instead of 
93.0 percent, and (XH,),SO, would 
yield 77.4 percent instead of 81.1 per-
cent. Employing these new7 relative 
humidity values, we have replotted a 
sample set of the droplet volumes re-
corded by Crozier, on Fig. 1. I t  will be 
observed that the revised plotting is in 
good agreement with the theoretical rela- 
tionship between particle volume and 
relative humidity that is derived from 
I C T  data. Similar treatment will yield 
similar results for the other droplets ex- 
amined. The  results obtained by Crozier 
could, therefore, be satisfactorily ex-
plained by the existence of a rather small 
temperature differential. 

From Fig. 1, it is also apparent that 
the error that may be incurred by as-
suming, rather than determining, that 
isothermal conditions exist increases 
greatly as the relative humidity increases. 
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Occurrence of Three Red Blood 
Cell Antigens in Rabbit as 
the ~ e s u 6  of Interaction 
of Two Genes 

I n  the course of the study of blood 
groups in the rabbit ( I ) ,  isoimmuniza-
tion techniques have been used to pre- 
pare specific antiserums that detect the  
presence of seven rabbit red blood cell 
antigens (labelled A, B, C, D, E, F, 
and H )  ( 2 ) .  T h e  mode of inheritance 
has been studied, and it has been shown 
that these antigens are controlled by five 
loci ( 3 ) .A new isoantibody has been pre- 
pared that appears to identify a n  antigen 
resulting from the interaction of a pair 
of previously identified allelic genes. 

The  locus with which n7e are con-
cerned has three alleles (Hg" Hg", and 
Hgs),  each of which gives rise to a dc-
tectable antigen. Thus, all rabbits must 
have antigen A, D, or F, or a combina- 
tion of any two of these antigens. A new 
isoimmune serum appeared to contain 
three specific antibodies. One was iden- 
tified as anti-D, and another as anti-H. 
The  third antibody, called anti-1, was 
isolated by the absorption of the whole 
serum by cells of type D and by cells of 
type AFH. The  resulting typing serum, 


