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w ATER is not only one of the inost coin- 
mon and most iniportant chemical coni- 
pounds, but it is also one of the most 
anomalous and intriguing. Its problems 

have been treated in innumerable papers. To reach a 
full understanding of its behavior, we lnust first eluci- 
date the properties of ice. This pl-oblelii is easier be- 
cause the structure of ice is simpler and better known 
than that of water. I have tried to deduce the proper- 
ties of ice fro111 a simple electrostatic model of the 
H20 molecule, and I shall review the results obtained. 

A tetrahedral model of the H,O molcctcle. We know 
from Mecke (1) that the three nuclei of an H,O mole- 
cule for111 an isosceles triangle with the oxygen nucleus 
a t  the apex and the two protons on the base line. The 
sides are (in water vapor) 0.97 A, and the apical 
angle 106'; hence, they are nearly equal to the tetra- 
hedral angle 109.5'. I n  ice the sides are ca 0.99 A 
(2), and we shall assume that the apical angle is ex- 
actly the tetrahedral one (Fig. 1, a ) .  The three posi- 
tive nuclei are encircled by ten electrons. Two of them 
circle quite close to the oxygen nucleus, and the eight 
remaining electrons circle in pairs in four eccentric 
orbits, which radiate tetrahedrally from the oxygen 
nucleus, and of which two include the two protons 
(Fig. 1, b)  . The electron orbits completely screen the 
positive charge of the oxygen nucleus. They also 
screen a considerable part of the charge of the pro- 
tons but give an excess of negative charge in the di- 

rection of the two orbits that do not contain protons. 
As model of an ice lnolecule we shall therefore use a 
regular tetrahedron of radius 0.99 A, with positive 
charges on the two corners and negative charges on 
the other two (Fig. 1, c and d). I n  order to give the 
tetrahedral model the known dipole moment of the 
H,O molecule (1.87 Debye), the electrical charges 
on the corners must be ? 0.171 e (e = the electronic 

Fxa. 2. Model of an ice crystal, reproduced from W. H. 
Brupg, Proc. Roy. lnst .  Ot. Brit., 30, 283 (1938). 

FIG. 1. Electrostatic model of an %O molecule : a, the posi- 
tion of the positively charged nuclei. b, the electron orbits, 
schematically indrcated ; a and d, twadifferent presentations 
of the tetrahedral model of the q O  molecule. 

=Based on a paper published in KgZ. Daneke Videnskab. 
selekab, Math.-lye. Medd., 27, (I), (1951). 

charge). I n  ice these tetrahedra are placed at a mu- 
tual distance of 2.76 A. We shall therefore imagine 
an ice molecule as a sphere of diameter 2.76 A, inside 
which four electric charges are placed in a regular 
tetrahedral arrangement. 

The crystal structure of ice. I n  an ice crystal the 
molecules--or more exactly, the oxygen atoms-lie in 
puckered hexagonal layers, in which the oxygen a t o m  
are raised and lowered alternately (Fig. 2). Adjacent 
layers are mirror images, and the sizes of the param- 
eters are such that each atom is surrounded by four 
oxygen atoms in regular tetrahedral arrangement a t  
a distance of 2.76 A (Barnes [3]). The regular tetra- 
hedral arrangement is a consequence of the tetra- 
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hedral structure of the H,O molecule. Each positive 
corner of a molecule is attached by electrostatic forces 
to a negative corner of another nlolecule and forms 
with it  what is often called a hydrogen bond. 

A substance in  which every aton1 has four  neigh- 
bors in  regular tetrahedral arrangement can crystal- 
lize hexagonally (as  ice) or cubically (as diamond). 
Let us try to  find out why ice crystallizes hexagonally 
and not cubically. The difference between the two 
structures lies in the arrangement of the six neigh- 
bors around a pair of adjacent atoms. I n  the cubic 
diamond crystal, the position is always center-sym-
metric (Fig. 3 ) ,  whereas in the hexagonal ice a quar- 
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F I G .  3. The two positions of the sis  neighbors to a pair of 
adjacent oxygen atoms in ice. 

ter of the positions are  mirror-symqnetric, and only 
the other three quarters of the positions are  center- 
syalmetric. I t  does not seem possible to build a crystal 
in which more than a quarter of the positions are 
mirror-symmetric. This suggests that the bond energy 
between H 2 0  molecules is higher in  the mirror-sym- 
metric position than in the center-symmetric position. 
The suggestion is supported by some old and accurate 
x-ray measurements on ice by H .  D. Megaw ( 4 ) .  
From these measurements I have calculated that the 
rriirror-symmetric bonds in ice are ca 0.5 per cent 
shorter than the center-symmetric ones, a not insig- 
nificant difference, considering the low compressibility 
of ice. This suggestion is even more directly supported 
by the following calculation: Using f o r  the H 2 0  niole- 
cule the electrical model described above, the electro- 
static lattice energy can be calculated, f o r  a hypo-
thetical cubic ice crystal with all bonds center-sym- 
metric, to 14.51 kcal/gmol, and for  the ordinary hex- 
agonal ice crystal, with a quarter of the bonds mirror- 
symmetric, to 14.93 kcal/gmol-i.e., 0.42 kcal/gmol 
higher. The calculated values are valid a t  low tem- 
peratures. For  reasons that are given below, the 
values decrease somewhat with increasing tempera- 
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Fra. 4. The sis positions of t w o  neighbor mokcules in ice. 

ture and approach each other slightly a t  the melting 
point. 

The configurations of an ice crystal. As yet we have 
only considered the arrangement of the oxygen atoms 
in ice. The arrangement of the protons is a much 
more complicated question. We have good reason to 
believe the H 2 0  molecules are arranged in such a way 
that the protons always lie on the lines connecting 
adjacent oxygen atoms, and that there is one, and 
only one, proton on each of these lines, forming with 
the two oxygen atoms what is often called a hydrogen 
bond. There exists a very large number of configura- 
tions fulfilling these conditions. The reason is that 
both the center-symmetric and the mirror-symmetric 
bonds can be either inverse or oblique (Fig. 4).  Paul-
ing (5) has calculated this number of configurations 
of a n  ice crystal to  1.5N, where N is the number of 
molecules in the crystal. This is a very large number, 
even in comparison with astronomical figures. F o r  18  
g of ice it  is a number with more than figures. 
Pauling is of the opinion that all configurations have 
nearly the same lattice energy and are  therefore 
equally probable even a t  low temperatures. I f ,  how- 
ever, we accept the tetrahedral model described above, 
the electrostatic bond energy iq  conqiderably highrr 

TABLE 1 

ELECTROSTATIC BETWEENBOND EVERGIES ADJACENT 
MOLECULESIN ICEIN lo-* ERG 

Corrected for  

WitllOUt neighbors ' 
correction 

Low High 
temp temp 

Inverse mirror-symmetric 0.5067 0.5196 0.5395 
Oblique " < ( .4319 .4781 .4713 
Oblique center-symmetric .4792 .5143 .5143 
Inverse " 0.4117 0.4532 0.4547i i 
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f o r  the inverse niirror-symmetric positions than for  
the corresponding two oblique mirror-symmetric po- 
sitions, and the energy for  the two oblique center- 
symmetric positions is higher than for  the corre-
sponding inverse center-symmetric positions (Table 
1 ) .

The number of the two bond types with high bond 
energies must increase with decreasing temperature 
a t  the cost of the two other types. This rnakes a cor- 
rection for  the electrostatic energies between every 
other molecule very complicated. I n  Table 1corrected 
values are  given corresponding to low temperature, 
where only the bonds with high bond energy are  
present, and to high temperature, where all the bonds 
present are in the statistically expected amount. B y  
means of a Boltzmann equation approximate values 
a re  calculated for  the ratio between inverse and 
oblique positions a t  several temperatures (Table 2).  

TABLE 2 
APPROXTIIATE OF INVERSEPERCENTAGES AND 

OBLIQUEPOSITIONSIN ICE 

Statis-
tical273" K 136.5" K 90" K 68.25" I( percent-

age 

Inverse mirror- 
symmetric 68.4 90.4 97.7 99.44 33.3 

Obliaue mirror- 
symmetric 31.6 9.6 2.3 0.56 66.7 

Oblique center- 
symmetric 90.9 98.0 99.62 99.92 66.7 

inverse center-
symmetric 9.1 2.0 0.38 0.08 33.3 

Application of the Boltzmann equation is not fully 
justified, and calculated values therefore must be used 
with caution. Even a t  the melting point the per-
centages are f a r  from being the statistical ones, cor- 
responding to equal energies. 

H e a t  of sublimation. By means of the figures in  
Table 2, the electrostatic lattice energy of an ice 
crystal can be calculated. Since the ratio between in- 
verse and oblique positions changes with temperature, 
the lattice energy will be dependent on temperature. 
A t  low temperatures, when only inverse mirror-sym- 
metric and oblique center-symmetric positions are  
present, a value of 14.93 kcal/glnol is found; and a t  
high temperatures, when the ratio between inverse 
and oblique positions is as 1 to 2, a value of 14.32 
kcal/gmol is found. 

The electrostatic lattice energy constitutes the main 
part  of the heat of sublimation of ice (12.14 kcal/ 
gmol). I n  order to calculate more accurately the heat 
of sublimation, it  is necessary to subtract the po- 
tential of the repulsive forces that hold the molecules 
in place a t  a distance of 2.76 A and to add the 
potential of the van der Waals' forces. By means of a 
triangular model f o r  the H,O molecule, Bernal and 
Fowler (6)  have calculated a heat of sublimation of 
the right order of magnitude. Using their estimated 
corrections fo r  the repulsive forces (- 6.8) and for  
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the van der, Waals' attraction (t 4.1), we calculate 
f o r  the heat of sublimation: 

At low temperature 14.93 - 6.8 t 4.1 = 12.23 

At high temperature 14.32 - 6.8 t 4.1 = 11.62 


which is in good agreement with the observed value 
of the heat of subliination 12.14 a t  O 0  C and corrected 
to o 0  K 11.81. 

Zero-point eatropy .  From the behavior of ice in  
a n  alternating electric field we know that, a t  the 
melting point, the configuration of the ice changes 
rapidly, but that, a t  the temperature of liquid a i r  
( c a  90' K),  the configuration freezes in; At this tem- 
perature, according to Table 2, about 99 per  cent of 
the positions are  the most stable ones. This explains 
why the heat capacity irregularities in  the tempera- 
ture range where the configuration freezes in, as 
found by Giauque (7 ) ,  are small. The irregularities 
are so small that they seem to indicate that a t  90' K 
only 0.1 per cent of the positions with small bond 
energies are present. 

Pauling ( 5 )  is of the opinion that all the 1.5"con-
figurations of an ice crystal are equally probable even 
at the temperature where the configuration freezes in, 
and by means of this assumption he calculates the 
zero-point entropy of ice to R In 1.5 = 0.806 kcal/ 
gmol/degree, in good agreement with the observed 
value 0.82 k 0.15. I f  the configurations are not all 
equally probable a t  the temperature where they 
freeze in, then the observed zero-point entropy should 
be smaller than Pauling's value. The figures in Table 
2 fo r  90' K suggest a value of only a few hundredths 
of Pauling's value; consequently it seems iiecessary to 
find another explanation of the observed zero-point 
entropy. 

Changes in configuration and molecular turns.  
Debye ( 8 )  has explained the high dielectric constant 
of ice ( ca  80) by the existence in ice of electric 
dipoles, which frequently turn from one position of 
equilibrium to another under the influence of the 
thermal movements. From the behavior of ice in  a n  
alternating field, Dorsey (9)  has calculated the rate 
of dipole turns per molecule to 0.83 x l o 6 sec-I a t  
O 0  C . and from the temwerature coefficients of dielec- 
tric properties the activation energy (the critical 
threshold energy) has been calculated to  be from 9.3 
to 14.6 kcal/gmol by a series of different authors. A 
value of 1 3  seems to be most probable. 

I t  is difficult to explain the molecular nature of the 
frequent dipole turns in ice. The H,O molecule is, of 
course, a d r o n g  dipole, and every molecule in the 
crystal lattice of ice can have its dipole axis in  six 
different directions, all perpendicular or antiparallel 
to each other; but in an ideal ice crystal a single mole- 
cule (apart  from the few surface molecules) cannot 
turn to another position of equilibrium. Only by 
simultaneous turning of all the molecules in a closed 
ring or in a row of molecules, beginning and ending 
in the surface, is it possible to change the configura- 
tion to  a new equilibrium position. Such turnings, 
however, must be very improbable and, what is more 



important, by turning of all the molecules of a ring, 
the dipole moment of the crystal will not be changed, 
and these turnings therefore cannot be used for  the 
Debye theory. 

I n  every ice crystal, however, lattice faults occur, 
and a t  the fault sites it  is to be expected that single 
molecules can easily turn to new positions and thus 
change the direction of their dipole axes. We lnust 
here direct our attention to such lattice faults as  are  
caused by thermal movements, which occur in a con-
centration, determined by the temperature. There are  
two types of such faults: orie~ztationfault sites, where 
two neighboring molecules are  incorrectly orientated 
toward each other with two protons or with no pro- 
tons on the line between their oxygen atoms; and 
iolzixatio~ fault sites, where H,O+ or HO- ions occur 
in the lattice instead of H 2 0  molecules. 

Orientatio+z fault  sites. I f ,  on account of strong 
thermal movements, an ice molecule has rotated a t  
such a large angle that two protons happen to be 
placed between two oxygen atoms and no proton be- 
tween t ~ v o  other oxygen atoms (Fig. 5 h ) ,  the chance 
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FIG.5. Formation of orientation fault sites. 

that it  will turn back is great, but it may happen that 
one of the adjacent molecules has turned before it  
turns back. In  that case the site with two protons and 
that with no proton have been separated (Fig.  5 c ) .  
Coiitinued molecular turns may cause the appearance 
of two independent fault sites of opposite types: 
sites with two protons, and sites with no proton be- 
tween two oxygen atoms. These fault sites will mi- 
grate around in the crystal until they meet a fault 
site of the opposite type with which they can recom- 
bine. Under the influence of formation and reco~n-
bination of the fault sites a n  equilibrium must be 
reached with well-defined and equal conceiitratioiis 
of the two types. 

Two molecules between which there is a n  orienta-
tion fault site can easily turn to a new position, and 
every time one of the two molecules turns, the fault 
site is moved to a new position and the dipole 
monleilt of the molecule is rotated through 90'. The 
fault sites thus act as  a kind of catalyst fo r  the 
promotion of dipole turns. 

I f  the previously described tetrahedral model is 
used, the formation of a n  orientation fault site can 
he esti7-iated t o  r-q-lire a11 e:lrl,gp El = 71.9 k 1.7 

Normal Ions in neighboring Separated ions 
position 

F I G .  6. Formation of ions. 

kcal/gmol, and the activation energy for  turns of 
molecules a t  a fault site can be estimated to be 
E, = 2.5 kcal/gnlol. The energy of activation, corre-
sponding to the temperature coefficient of the rate 
of molecular turns a t  orientation fault sites, is E ,  t 
E, = 14.4 + 1.7. The activation energy for  the dipole 
turns which bring about the dielectric properties of 
ice was stated above to be ca 13. This shows that it  is 
permissible to consider the molecular turns, occurring 
a t  the orientation fault sites as the dipole turns, as 
required by Debye's theory. 

I t  is not possible to calculate exactly the concentra- 
tions of the orientation fault sites in ice; but from 
certain reasonable assumptions I have estimated the 
concentration of each type to be one fault site for  
mery 106 ice molecules, corresponding to a rate of 
rirolecular turns a t  an orientation fault site of ca 
1012 sec-l. 

Io~zization of ice. Ice has a n  electrolytic conduc-
tivity of a magnitude similar to that of water. John- 
stone (10) gives the following values fo r  the static 
(direct-current) conductivity of ice ( K )  : 

Temp 00 -10 - 4 0  - 1 0 0  - 190 

K .loS (0.4) (2.8) 0.23 0.11 0.026 


The value a t  -lo is probably too high, on account 
of the impurities in the ice. The value given for  O0 
is extrapolated from the values a t  -4O, - l o 0 ,  and 
- 19'. 

The conductivitv of ice must be due to H,O+ and 
FIO- ions and their migration by iileans of proton 
jumps. It is improbable that these ions as  units can 
migrate through the crystal lattice a t  rates that are 
of significance in this connection, or that other ions 
call do it .  The H 3 0 +  and HO- ions are formed by 
proton jumps between two adjacent molecules : H,O t 
H,O -+ HO- t H,O+; aiid they are  separated by 
lneaiis of proton jumps between the ions and H,O 
~nolecules: H 3 0 ++ E120+EI,O -t H 3 0 +  and HO- + 
1120+ II,O + HO- (Fig. 6 ) .  The ions migrate in the 
ice by means of proton jumps until oppositely 
charged ions meet and have the opportuiiity of re-
combining. 

The proton jump conductivities (P) of H 3 0 +  and 
110- ions in water, calculated as  the surplus conduc- 
tivities of these ions, compared with normal ions, are 
200 and 105 a t  0' C. The proton jump conductivities 
of these ions in ice iilust be assumed to be somewhat 
higher. I11 ice adjacent ~nolecules are nearly always 



in the right position (hydrogen bond position) fo r  
proton jumps, but in  water this is not the case. Cor-
recting for  this difference, I have estimated the 
molecular conductivities of the ions in  ice to be 215 
and 83 a t  0'. From these conductivities and from the 
specific conductivity of ice, i t  follows that a t  0" C 
0.27 x parts of the molecules are transformed to 
H,O+ ions and a n  equal amount to HO- ions (in 
water 0.63 x parts) .  

T h e  failure of proton jumps in ice to  explain the 
high dielectric constapat. The rate of proton jumps in 
ice can be estimated from its conductivity. This can 
be done by means of a n  old formula of Einstein's 
(11), which connects the diffusion coefficient of a 
particle (the conductivity of an ion) with the mean 
displacement of the particle (the ion) in a given time. 
The rate is found to be 152 sec-l/H,O molecule a t  
0' C. This rate is ca l o 4  times less than the rate of 
rliolecular turns a t  orientation fault sites. 

Proton jumps ill ice are connected with dipole 
turns in a way similar to that in which migrations 
of orientation fault sites are. I t  has been proposed 
by several workers (12-14) that the dipole turns 
necessary for  Debye's theory of the dielectric proper- 
ties of ice may be the result of proton jumps and 
may be connected with the formation or the migration 
of H,Of and HO- ions. I myself have independently 
worked with the same idea. This idea, however, must 
be abandoned. The molecular turns produced by for- 
mation or migration of the ions are  f a r  too infrequent 
fo r  this purposes (152 against lo6) ,  and, what is 
even more decisive, the nlolecular turns connected 
u-it11 the migration of the ions under the influence of 
a n  electric force produce a dipole moment in  the 
direction opposite to that of the electric force and 
thus in the opposite direction to that required by 
Debye's theory. This can be seen in the following 
way : 

The dipole moment produced by migration of the 
ions in an isolated block of ice is the vector sum of 
all the dipole moments, corresponding to the proton 
jumps connected with the ionic migration, each of 
which is 0.78 A. This dipole moment (PI) can also 
be calculated as  the sum of two dipole moments: the 
dipole moment P,, produced by the ionic displace- 
ments, and the dipole moment P,, produced by the 
molecular turns connected with the migration of the 
ions : 

P,= P, f P,. (1) 

The dipole ~nonlent P, is the vector sum of all the 
dipole ~lloinents produced by the individual ionic dis- 
placements. Each of these ionic displacements is 
parallel to a corresponding proton jump, but 2.76/ 
0.78 larger. We must therefore have: 

Pi=P, x 2.76/0.78. ( 2 )  

From ( 1 )  and ( 2 )  follows: 

I t  means that the dipole moment due to all the 
molecular turns connected with the migration of the 
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ions is in the opposite direction of that corresponding 
to the proton jumps and numerically 1.98/0.78 times 
larger. Hence the molecular turns a t  the ions cannot 
explain the dielectric properties of ice. I t  is only the 
molecular turns a t  orientation faul t  sites which are  
responsible fo r  these properties. 

T h e  protofz j ump  co~aductivity of H,Of and H O -
ions. The transport of electricity, corresponding to 
the movement of the H,Of and HO- ions in  a n  elec- 
tric field, is counteracted by the turns of dipole mole- 
cules connected with the movements of the ions. The 
transport would have been seriously hampered if the 
dipole moment produced by these turns were not in- 
cessantly cancelled by the molecular turns a t  orienta- 
tion fault sites with a relaxation time of ca lo-$ sec 
(at  0"). To justify considering the conductivity of ice 
as  a simple result of proton jumps, as  is done in this 
paper, i t  is of decisive importance that molecular 
turns a t  orientation fault sites are  ca l o 4  times as  
frequent as  molecular turns a t  the ions. 

I n  water the rate of molecular turns per  ion niust 
be similar to that in  ice (ca 1012 sec-l a t  0°), and the 
rate of molecular turns per H,O molecule, as  calcu- 
lated from the dielectric properties, is also ca 1012 
sec-l. Thus. even in the neighborhood of the mi--
grating ion, the dipole moment produced by the mi- 
grating ion very quickly disappears. The old, but 
often criticized, explanation of the abnormally high 
conductivity of the H,Of and HO- ions i n  water, as  
due to migration of these ions by proton jumps, is 
thus fully justified. 

T h e  plasticity of ice. Ice is a plastic substance. This 
was first observed in the study of glaciers. The plas- 
ticity is due to the ease with which ice crystals glide 
along a plane perpendicular to  the optical axis- 
that is, along the puckered hexagonal layers of which 
the crystal is built (Fig. 1 ) .  When a bar of ice, cut 
with its optical axis parallel to its length, is sup- 
ported horizontally on two blocks, and when the por- 
tion between the blocks is loaded uniformly by means 
of a stirrup with a weight, then the portion directly 
under the load is slowly (in the course of hours) 
forced downward without creating optical discon-
tinuities or changes in the optical properties of the 
ice ( 1 5 ) . As the number of bonds between the puck- 
ered hexagonal layers is small, and as the bonds are 
all perpendicular to the layer, i t  is comprehensible 
that it  is along this plane that the gliding takes place. 

I f  all the molecules on one side of the gliding plane 
had positive (proton-containing) corners toward the 
plane, and all the nlolecules on the other side negative 
(proton-free) corners toward it, then the gliding 
could be easily understood. The molecules, however, 
turn a t  random positive and negative corners toward 
the gliding plane. I f  that were not the case, the ice 
crystal would be an extremely strong dipole. The 
gliding, therefore, must be combined with turns of 
the molecules. Consequently it  is to be expected that  
the rate of gliding is connected with the rate of mo-
lecular turns in  ice. This explains why the gliding rate  
decreases rapidly as temperature is lowered. 

http:2.76/0.78


To produce gliding, a certain shearing force per 
cmZ gliding area is necessary. This force seems to be 
about 5 kg/cm2. When the force is increased above 
this minimum value, it  is to be expected that the 
gliding rate in the beginning will increase strongly 
with the shearing force; but long before the rate ap- 
proaches a critical value of 5 x cm/sec, it  is to be 

expected that the rate of gliding will increase only 
slowly with the force. At the critical rate the gliding 
distance, in the time a molecule makes a turn (10-6 
see), is equal to the distance between the molecules 
in the gliding plane (4.5 A).  The existing observa- 
tions seem to be in agreement with this conclusion, 
but they are not sufficiently accurate to verify it. 
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News and Notes 

Scientists in the News 

Wm. A. Amberson, of the University of Maryland, 
will spend the months of August, September, and 
October as a guest professor in physiology on the 
medical faculty of the University of Vienna, lecturing 
on neuromuscular physiology. 

Charles W. J. Armstrong, formerly head of the 
Chemotherapy Section, Laboratory of Hygiene, De- 
partment of National Health and Welfare, Ottawa, 
Canada, has been made director of the Division of 
Pharmacology, E. R. Squibb & Sons. 

Harold W. Brown, director of the School of Public 
Health of Columbia University, has been appointed 
dean of the University of Puerto Rico College of 
Rfedicine, succeeding Donald S. Martin, who resigned. 
Dr. Brown was Chancellor Benitez' official adviser in 
planning the establishment of the medical college two 
years ago. An expert on tropical diseases, he had pre- 
viously been a professor of parasitology at Columbia. 

George F. Carrier, of Brown University, has been 
appointed Gordon &toKay professor of mechanical 
engineering at Harvard. His work will be mainly in 
applied mechanics. 

Recent visitors at the National Bureau of Stand-
ards included John Cockroft, directo~ of the British 
Atomic Energy Research Establishment at Harwell; 
Minoru Imoto, of Osaka City University, Japan; and 
E. C. Stathis, professor of chemistry at the Univer- 
sity of Athens. Dr. Stathis has been in the U. S. since 
last September, when he attended the Chenlical Con- 
clave in New York. He spent some time a t  the Uni- 
versity of Minnesota with I. M. Kolthoff and has 
visited MIT and Harvard. He expected to leave a t  
the end of March for England. 

Robert Cruickshank, professor of bacteriology in 
the University of London at St, Mary's Hospital 
Medical School, is visiting 1 6  American and Cana- 
dian medical centers, among them the Communicable 
Disease Center, USPHS, at Alanta, and the labora- 
tories a t  Chamblee. Dr. Cruickshank was guest of 
honor a t  a dinner sponsored by the CDC Branch of 
the Scientific Research Society of America at Emory 
University. 

The California Texas Oil Company, Ltd., has an-
nounced the election of George M. Cunningham as 
president and J. P. McCulloch as vice president, of 
Anierican Overseas Petroleum, Ltd., affiliate of Cal-
tex engaged in exploration. 

Richard A. Deno, chairman of the Department of 
Biological Sciences a t  Rutgers University College 
of Pharmacy, will join the faculty of the University 
of Michigan this fall as professor of pharmacognosy. 
He will teach two new courses in academic pharmacy. 

Chauncev D. Leake. of the University of Texas 
Medical ~ i a n c h ,  ~alveston,  has been .given leave of 
absence to work on old Egyptian medical papyri a t  
the Institute for Advanced Study. He is giving a 
series of talks a t  Eastern institutions on this subject 
this month and will speak a t  the Army Medical 
Library, Washington, Apr. 15, on "Leonardo da 
Vinci : Scientist and Artist." 

Daniel Ludwig, professor of physiology at New 
York University, has resigned his post to accept ap- 
pointment as professor of physiology at Fordham 
University. 

Joy B. Phillips, of Morristown, N. J., has been ap- 
pointed an instructor in zoology a t  Drew University 
and will join the college of liberal arts faculty in 
September. She has been a teaching fellow a t  Wash- 
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