
DL-methionine in  animals treated with carcinogen is 
under investigation. I t  is thought possible that in-
creased utilization of S35DL-methionine may be asso- 
ciated with a greater potential fo r  growth or regenera- 
tion of tissues, a hypothesis that is being tested in 
normal and protein-depleted rats. 
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On the Anomaly in the Heat Capacity of 
Manganous Oxide1 

Roald K. Wangsness 
U. S. Naval Ordnance Laboratory, White Oak, Maryland 

Recent work of Todd and Bonnickson (I) on very 
pure samples of MnO shows that as  the temperature 
increases in  the range from 100' to 122' K the heat 
capacity of MnO rises from about 7 cal/(mole deg) 
to a peak of 76.7 and then drops sharply to about 7.6. 
The total heat absorbed is 246 cal/mole. The average 
Debye heat capacity is about 7, so that 7 x 22 = I 5 4  
cal/mole are absorbed by lattice oscillations. One can 
estimate the additional heat capacity associated with 
the disappearance of the spontaneous magnetization 
to be R ( 2 ) ,so that the heat ascribable to this effect is 
44 cal/mole. Thus, there is a n  amount of heat q = 48 
cal/mole (nearly 20% of the total) which cannot be 
accounted for  by the usual mechanisms. 

BfnO is antiferromagnetic with 0 = - 610° K and 
TO- 122' K, where 0 and T, are  the characteristic 
temperature of the Curie-Weiss law and the Curie 
temperature, respectively (3). The fact that -O/T, is  
equal to 5 rather than unity, as  predicted by the sim- 
ple theory, has been discussed by means of a n  exten- 
sion of the molecular field theory to include the effects 
of nearest and next-nearest neighbor interactions in  
more complicated orderings of the elementary mo-
ments contained in the magnetic sublattices (4) .  If 
y1 and y, are the molecular field coefficients for  near- 
est and next-nearest neighbor interactions, respec-
tively, then the ratio - 0/TO for  MnO determines 
P = y2/y1, to be 0.75; this value is compatible with two 
different orderings known as ordering of the second 
or third kind, which can occur if P is greater or less 
than 3/4, respectively. Neutron diffraction experiments 
have shown the ordering below the Curie temperature 
to be of the second kind ( 5 ) .  

I t  has been found ( 6 )  that the lattice constants of 
BInO change in this temperature range, and since y, 

1 Supported in part by the Ofice of Kaval Research. 

and y, (and theme p )  presumably depend strongly 
upon distance, it  is suggested that the anomalous be- 
havior can be further interpreted as a change fro111 
the second to the third kind of order as  the tempera- 
ture is increased. To correspond to the neutron diffrac- 
tion results, we should have p = (3/4) t 6 below the 
Curie temperature, and p = (3/4) - E throughout the 
transition region to conform to this suggestion (6  and 
E are small positive numbers). The following calcula- 
tions provide some quantitative support fo r  this in- 
terpretation. 

I f  Ti is the Curie temperature f o r  the ith kind of 
ordering, one finds that 

T2=Cpy1, T,=Cy1 [ I -  (1/3) P I ,  
and 

- 0 = 3C yl [1t (1/3) p ]  

where C is the Curie constant (4). A reasonable ex- 
pression for  the range AT of the anomalous behavior 
is T, - T,, so that we obtain 

Using the experimental values of AT and TO, we find 
the estimated value of E to be 0.1. This corresponds 
to  a 13% change in p which is satisfactorily small con- 
sidering the nature of the calculation. 

The energy which must be supplied to the system 
when in the ith kind of ordering in order to  destroy 
the magnetization is of the order of RTi. Thus, fo r  the 
heat absorbed during the change of ordering, we can 
write 

4 = R (T, -T2)= (16/9)RT,~. 

From this we find that q = 43 cal/mole, which agrees 
quite well with the value of 48 given above. 
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Ammoniated Dentifrices and Hamster 
Caries: Further Studies on the 
Effects of Ingestion1 

D a v i d  F. Mitchell, Edi th Z a k  Helman,  a n d  
D w i g h t  S. Chernausek 
School o f  Dentistry, University of  Minresota, Minlteapolis 

Controversy exists concerning the efficacy of am-
moniated dentifrices in  dental caries prevention. Ia 

1 Work supported by grants-in-aid from the U. S. Pu%lic 
IIealtli Service and from the Gradunte School, U~liversity of 
Minnesota. 



vitro and iw vivo studies that give evidence of effec- 
tiveness (1,Z),and others that do not, have been re- 
ported (3,  4). A dentifrice containing dibasic am-
monium phosphate (5%) and urea (3%) has been 
advocated. It was believed that the ammonium ion 
has a specific inhibitory action on the caries process 
and that the two aforementioned compounds act syn- 
ergistically in inhibiting decay. 

A previous report ( 5 )  has shown a reduction in 
caries in  hamsters that ingested a caries-producing 
diet containing dibasic ammonium phosphate (1%) 
and urea (0.6%). However, it was also shown, in  a 
toothbrushing study, that a control dentifrice was just 
as  effective as  a n  ammoniated dentifrice in inhibiting 
hamster caries ( 6 ) .  

The study reported here was designed to test the 
individual effectiveness of dibasic ammonium phos- 
phate and urea, and to recheck the value of a combi- 
nation of these compounds. I n  addition, dibasic sodium 
phosphate (having the same buffering capacity against 
acids as dibasic ammonium phosphate) was fed alone 
and in combination with urea to test the possible 
specificity of the ammonium ion. 

occurring solely through chance is also tabulated. 
The results again show that male animals undergo a 
greater caries experience during the experimental pro-  
cedures. I n  the female mean scores, dibasic ammonium 
phosphate (Group B) appears to be the most effective 
in  reducing caries experience; urea (Group C) ap-
pears to be ineffective; and the combination (Group 
D)  appears to be effective, thus corroborating results 
of a previous study ( 5 ) . A similar pattern is shown 
in the male mean scores. 

The statistical tests appear to be highly significant 
when testing the difference between certain means of 
the male grouping. A parallel relationship is also 
apparent in  the female grouping. I t  appears that  the 
ammonium ion does not play a specific role, since 
dibasic sodium phosphate may be substituted f o r  di- 
basic ammonium phosphate and the beneficial caries- 
reducing epect will still be present. Urea in the con- 
centration used (0.6%) did not seem to be effective 
in reducing the caries scores in the female animals; 
however, it appeared to be of some value in  reducing 
the caries scores of the male animals. I t  should be 
noted that in neither case was an additive or syner- 

TABLE 1 

P values 
No. animals Mean &S D 

A. control 
B; 1%(NH4),HP04
C, 0.6% urea 
D, 1 %  (NH,) ,HP04 t 0.6% urea 

Males 

A, coiltrol 15  706 2 171 I3 .001 - -
B, 2.03%* (Na),HPO,. 7H,O 19  382 2 118 C .04 ,001 -
C, 0.6% urea 18  581 t 160 D .001 .16 .001 
D, 2.03%" (Na),HP04 .7H,O + 0.6% urea 26 429% 97 

* Equivalent in molar concentration to 1% (NH,),HP04. The pH of the diets coutaiuilig the dibasic compounds was 6.7. 

After weaning a t  21 days of age, 240 animals were 
divided into eight equal groups and fed a caries-pro- 
ducing dietJ2 beginning a t  30 days of age, fo r  105 days. 
A sex difference in caries-susceptibility requires a con- 
trol group for  each sex. I n  the interests of economy, 
therefore, four  groups were females, and four  groups 
males. Table 1indicates group distribution and drugs 
tested. Unfortunately, a salmonella epidemic reduced 
the number of survivors in most groups. 

The carious lesions were outlined on charts, black- 
ened with tempera paint, and scored by a n  instrument 
employing a photosensitive plate. The total occlusal 
area affected was recorded in mm2 ( 7 ) . The mean 
caries scores are  listed in  Table 1.Statistical tests of 
the difference between means were done. The proh- 
ability (P) of such a difference between the means 

2 Whole wheat flour, 80% ; whole powdered milk, 30% ; 
cornstarch, 20% ; confectioner's sugar, 15% ; alfalfa meal, 
4% ; sodium chloride, 1%. 

gistic effect apparent. I t  would appear that the inhibi- 
tory mechanism of the two dibasic compounds tested 
might result from their buffering action in maintain- 
ing a n  alkaline pH. 

Urea may be of aid in  preventing dental caries, and 
further experiments are being conducted to evaluate 
its position. 
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