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and Noyes3 have demonstrated a similar reaction. 
Extensions of these investigations are being con
tinued. 

(3) C. H. Coleman and W. A. Nfoycs, T H I S JOURNAL, 43, 2211 
(1921). 
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CRYSTAL STRUCTURE AND MAGNETIC SUSCEPTI
BILITY OF AMERICIUM METAL1 

Sir: 
We have obtained interpretable X-ray diffraction 

pat terns of several small polycrystalline samples of 
americium metal of > 9 9 % purity, using Cu K a 
radiation and a 4.5-cm. radius camera. The metal 
was prepared on a micro scale by reduction of the 
trifluoride with barium vapor, in a tanta lum cruci
ble system and subsequently was annealed by 
slowly reducing the temperature from 800 to ca. 
25° over a period of ten hours. 

The powder pat terns have been indexed as double 
hexagonal close packed, a = 3.642 ± 0.005 A., 
c = 11.76 ± 0.01 A. 

The space group is D j h and the atomic positions 
are : two Am in (0, 0, 0), (0, 0, 1Z2); two Am in 
(1A, y«, 3A), (2A, 1A, 1A)- The Am radius is 
1.82 A. and the calculated density 11.87 ± 0.05 
g. c m . - 3 . 

Relative line intensities calculated for the pro
posed structure agreed with visual estimates of the 
intensities seen in the diffraction patterns, as shown 
in the accompanying table. 

The density calculated for the metal agrees with 
tha t observed experimentally2 (11.7 ± 0.3) within 
the error of the measurements. The metallic 
radius is 0.02 A. smaller than tha t predicted by 
Zachariasen3 for americium metal with three va
lence electrons per atom. This discrepancy may 
indicate a small error in the predicted value, or may 
be due to a slight admixture of americium (IV) in 
the metallic state. Measurements of the magnetic 
susceptibility of our samples gave XM = 1000 ± 
250 X 10- 6 cgs. units at 300° K., similar to the 
value of .~1000 X 10~6 c.g.s. units for AmF3 . The 
number of bonding electrons per a tom appears to be 
quite close to three. 

The decrease in the number of metallic bonds in 
going from uranium to americium affords a reason
able explanation of the corresponding decrease of 
some 50 kcal .4 5 in the heat of vaporization. 

I t is interesting to note tha t americium is the 
first transactinium element which is rare earth-like 
in the metallic state. 

Possible allotropy of the metal is now under in
vestigation, and these studies, as well as a detailed 
description of the work outlined above, will be re
ported in a future publication. 

(1) This work was performed under the auspices of the AEC. 
(2) E. F. Westrum, Jr., and L. Eyring, T H I S JOURNAL, 73, 3396 

(1951). 
(3) W. H. Zachariasen, Acta Crysl., 5, 660 (1952). 
(4) E. G. Rauh and R. J. Thorn, J. Ckem. Phys., 22, 1414 (1954), 
(5) S. C. Carniglia and B. B. Cunningham, THIS JOURNAL, 77, 1502 

(1955). 

TABLE I 

DIFFRACTION DATA FOR AMERICIUM METAL" 
hkl 

100 
101 
004 
102 
103 
104 
105 
110 
106 
200 
201 
114 
202 
107 
008 
203 
204 
108 
205 
200 
109 
210 
211 
212 
207 
118 
213 

214 
1,0,10 

sin20 calcd. 

0.0597 
.0640 
.0687 
.0769 
.0984 
.1284 
.1670 
.1792 
.2142 
.2389 
.2432 
.2479 
.2561 
.2700 
.2747 ! 
.2776 J 
.3076 
.3344 
.3462 
.3934 
.4074 
.4181 
.4224 
.4353 
.4492 
.4539 \ 
.4567/ 

.4867) 

.4889 J 

sin20 obs. 

0.0592 
.0640 
.0692 
.0769 
.0985 
.1283 
.1675 
.1792 
.2144 

.2471 

.2567 

.2698 

.2755 

.3462 

.3930 

.4070 

.4226 

.4353 

.4531 

.4878 

I calcd. 

3 
18 
14 
42 
10 
2 
5 
11 
9 
0.4 
3 
13 
7 
2 

1} 
0.6 
0.5 
1 
4 
1 
0.4 
2 
0.6 
1 

i] 
0.6 ) 
2.6 J 

/ obs.* 
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a This list includes all planes up to sin20 = 0.5 for which 
the intensity was not calculated to be zero, by the sym
metry of the special positions. b t, trace; vvw, very, very 
weak; vw, very weak; w, weak; m, moderate; ms, moder
ately strong; s, strong. 
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SYNTHESIS OF FUSED-RING COMPOUNDS VIA ACYL-
ATION OF KETONES 

Sir: 
A new method for synthesis of fused-ring com

pounds (II) has been found, which offers certain 
advantages over the well-known Pschorr,1 Ha-
worth,2 Bardhan-SenGupta 3 and Bogert4 proce
dures. The method consists of the reaction of 
cyclic ketones with phenylacetic anhydrides in the 
presence of boron trifluoride.6 Acylation and cy-

(1) R. Pschorr, Bar., 29, 496 (1896). 
(2) R, D. Haworth, J. Ckem. SoC, 1125 (1932). 
(3) J. C. Bardhan and S. C. SenGupta, ibid., 2520 (1932). 
(4) M. T. Bogert, Science, 77, 289 (1933). 
(5) C. R. Hauser, F. W. Swamer and J. T. Adams, in R. Adams, 

"Organic Reactions," Vol. 8, Chapter 3, pp. 59-196, J. Wiley and Sons, 
Inc., New York, N. Y1, 1954. 


