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for intermediate rocks against the ob
servations, it can be shown that inter
mediate rocks are not excluded 
by their observations. In addition, as 
the authors themselves have empha
sized, the necessity of allowing for 
background corrections, which are very 
uncertain and which account. for 90 
percent of the measured values, makes 
it somewhat difficult to draw firm con
clusions from this pioneering effort. 

JOHN A. O'KEEFE 
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WINIFRED S. CAMERON 

Goddard Space Flight Center, 
Greenbelt, Maryland 
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A t. Crystals of a fibrous phase of sulfur-selenium obtained y 0 kilobars 
alld 280°C are nlr07Tal;-tke..n.lOft 12robable sp'acl!.-J1.!Q«p's bein~ and P 32, with 
J = 7.85, c = 4.62 :!: 0.01 A. The unit cell cOlltains nine atoms, and the mea
slIml density of 3.20 g/ cms implies five sulfur and four Se atoms. The structure 
(olltains mixed atom helices of 1.54 A pitch and 0.91 A. average radius. 

In a continuing investigation of group 
VI A clements a new pressure-induced 
~lI lfur·selenium phase has been found. 
The phase is fibrous but is not isostruc
Ilira l with the fibrous sulfur phase (II) 
(I). In fact, we have also found that 
1,)llle selenium does dissolve in the 
fibro us sulfur phase. 

Starting materials were pure 
(1)<}.999+ perc~nt) Se and S (Ameri
'''111 SlIll:lting and Rdining C!lmpany), 
,\ ,1111: ·(I\.I)III! mixture (,alom percent) 
1\,1\ pIll into a fll~l:d ~ilicil tithe, eVIICII
,Ih'd, and scaled. 'J'he mixture WIIS melt
~J :tlld keJlt at :!'50oC for 2 hours untl 
.1I11lcakd at BOac for 110 hOllrs. It 
\I,I~ then removed from the tuhe and 
~r'Hllld and mixed thoroughly in an 
. ll tcmpt to insure homogenization. Some 
Il[ this material was then packed into 
I~ntalum containers and subjected to 
rre,su re and heating in furnaces and 
pi llon cylinder devices similar to those 
.tNribed by others (1, ref, 1). The 
rihrolls S-Se phase reported here was 
prepared in a furnace (2.54 em di
.llllctcr) at 20 kb. The temperature 
\\~S raised to 550°C and held there for 
10 minute~; the temperature was then 
r\\luccd to 2I)O"C ·nnd ll\ain'"il1l!~l 
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there for 56 hours. The resulting ma-
. terial was not homogeneous but that 
part of the sample in the bottom por
tion of the sample capsule was red
brown, crystalline, and fibrous. A 
measurement of the density of isolated 
crystals of the fibrous form by the 
flotation tecbnique gave 3.20 g/ cm3 • 

An apparently single crystal of the 
fibrous sulfur-selenium was aligned 
along the fiber axis with oscillation 
photography: ClII<tr radiation was used, 
lind Wcisscnhcrg photographs were tak. 
cn. Lattice constants wcre determined 
from JJlIcrger precession camera photo
graphs (MoKa ratliation). The difTrac
tion symmetry of all the photographs 
is 6/ m, the only system at ic absences 
being those reflcctions (001) for which 
I is not equal to 6n. The lattice constants 
of- the particular crystal photographed 
are: a = 7.85, and c = 4.62 :!: 0.01 
A. Hexagonal selenium has a = 4.355, 
c = 4.949 A. The slI'blattice obtained 
by a 30° rotation from the unit cell 
of the sulfur-selenium phase has lattice 
constants a = 4.53 A and c = 4.62 
A. It appears then that the sulfur
selenium unit eell must contain nine 

' IltOIllS. A cell content of live S und 

r'!'f'tO em' 

four Se atoms gives an x-ray density 
of 3.20 g/ cm3 equal to the measured 
density. 

Any space group giving diffraction 
symmetry 6/ m satisfying the conditions 
for these helices must contain screw 
axes. Further, because of the length of 
the c-axis, the helices in tbe sulfur
selenium phase must have three atoms 
per turn as in hexagonal selenium it
self. No hexagonal space group giving 
diffraction symmetry 6/ m can satisfy 
the requirements for this structure. 
Thus it appears that the 6/ m is only 
an apparent diffraction symmetry; the 
more probable diffraction symmetry is 
3. When crystals with this symmetry 
are 120 0 rotation-twinned, they give the 
apparent symmetry observed. This is 
analogous to the case of selenium it
self (2) in which the twinning of crys
tals with diffraction symmetry 3m leads 
to apparent symmetry 6/ mmm. 

Thus the most probable space groups 
to which the fibrous SO.55~SeO.4H 
belongs are P3 1 or P3 2• It is possible 
also that the two enantiomorphs are 
cocrystallizing in the twinned crystals. 

Thus far the preliminary refinement 
of the x and y parameters with the 
use of the Busing-Martin-Levy (3) pro
gram {modified for use on the IBM 
360 computer) and only the hkO in
tensity data (for which there is no over
lapping of nonequivalent reflections) in
dicates that the helix radius is close 
to 0.91 A; the pitch, given by e/3 is 
1.54 A. This implies an average S-Se 
distance (4) of 2.20 A as compared 
with a calculated one of 2.18 A based 
on a value of 2.34 A for aIfl Se-Se 
distance and 2.05 A for an S-S dis
tance. 

For Se, the pilCh and radius of the 
helix nrc 1.(,5 and 0.95 A, respeclivdy 
(4). Thlls the larger rt -axi~ of the ~I th

cell (sec above) i'fllplics poon:r packill!: 
etllcicncy of the I>ulfllr-~c/cnium pha~e 
than of the hexagonal Se phase. 

Spacings were calculated with the lat
tice constants determined from the 
Buerger precession camera photographs . 
It is seen in Table 1 that the calcu
lated spacings compare well with those 
measured on an x-ray powder photo
graph of the material. All nonequi
valent sets of indices are given. 

There appears to be a range of solid 
solutions having the same fibrous struc
ture, but the limits have not yet been 
determined. The new phase is not near
ly as stable as the fibrous sulfur phase, 
in which elise II specimen IS llHlnths 
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- Table I. Powucr data for pressure-induced 
fibrous sulfur-selenium (So."" Seo.,,); CuKa 
radiation. Abbreviations: w, weak; m, 
medium; s, strong; v, very. 

hkI 

100 
110 
/11,121 
201,021 
210, 120 
300 
211 , 121 
231,131 
102, 012 
301.031 
220 
202, 022 
310. 130 
221, :!41 
131.:111 
]41 , 341 
212. 122 

1 32, "In 
302,032 
401,041 
320, 230 
103, 013 
410, 140 
:121,231 

2 51,351 
203, 023 
402, 042 
DO 
501,051 
420, 240 
412, 142 
152,452 
511, 151 
T61,561 
403. 043 
IOtl,Ol4 
422. 242 
-il, :! ,4(,2 
1 ',1, 1:24 
52 1, 25 1 
2 71,3'71 
214, 124 
134, '134 

Calc. 

6.80 
3.93 
2.99 
2.74 
2.57 
2.27 

} 2.25 

2.19 
2.03 
1.96 
1.91 
1.885 
1.806 

1.746 

1.718 

1.6-1 S 
1.595 
1.560 
1.502 
1.483 

1.478 

1.403 
1.369 
1.308 
1.304 
1.285 

1.248 

1.180 

1.141 
1.139 

} 1.1 23 

I.IOM 

! 1.060 

].053 

d(A) 

Obs. 

6.80 
3.93 
2.99 
2.73 
2.56 

} 2.25 

2.19 
2.03 
1.95 
1.91 
1.879 
1.803 

1.742 

1.718 

1.615 
1.591 
1.555 
1.505 

} 1.477 

1.404 
1.370 

1.305 

1.283 

1.248 

1.177 

1.141 

1.122 

1.1 ()() 

} 1.056 
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Leukocyte Mitosis: Suppression 
in vitro Associated with Acute 
Infectious Hepatitis 

Abstract. Inhibition of mitosis in 
vitro was observed in leukocytes from 
patients with acute infectious hepatitis. 
Similarly, in cultures of normal leu
kocyteJ, a/tel' the addition of small 
amounts of serum from patients with 
hepatitis, mitosis was suppressed. A 1-
though the incidence of mitosis be
came normal ill leukocytes from COII
valescent patients, there were chromo
sOlllal almormalitie.1". 

The effect of infectious hepatitis on 
the chromosomes of cells in human 
peripheral blood was studied during 
a recent epidemic of this disease, in 
which more than 100 cases were recog
nized. Many were symptomatic; others 
were discovered during a survey of 
tests for ·liver functions [primarily for 
serum glutamic oxalacetic transaminase 
(SGOT)]. Specimens of blood and 
serum were obtained from 16 patients, 

_ some of whom had been previously 
karyotyped. Additional samples were 
obtained from patients ·at the Massa
chusetts General, Boston City, and SI. 
Elizabeth's Hospitals. Serums from 
eight palients wilh noninfectious hepat
ic disea\~e and c'Olllparahle annormali
lies 01' livcr ftlllCliol1 scrved as con
Iro's. Norillal spccimens were obtained 
frOIll healthy students and employees 
in the same institutions. 

The standard method of Moorhead 
. et al. (1) for culturing leukocytes and 
preparing chromosomes was used, with 

old and having been irradiated with 35- two modifications; eight drops of whole 
kv x-rays for about 1500 hours still blood were added to the culture medi-
remains unaltcred in any observable um in place of the 1.0 ml of plasma. 
manner. When examined about 3 and the cells were exposed to co\cemid 
months after it was made, the "single" for 2 hours instead of the 6 hours sug-
crystal of the sulfur-selenium phase on gested by ·Moorhead. In every case 
which x-ray data had been collected all stained cells were studied. The per-
had altered. It ~ one pa tinily to centage. of leukocytes in metaphase 
the tibrous>J.Llfl~r (H) type pllaSC:----:'. was denved from a count of at 'least 
~ S. G Bl.l.ER \ 200 cells . 

M. D. LIND ) . The initial. studies W~l'c performed 
Nortlt AmerlcC/l1 A I'illiioll Scie/IC:e .;Wlth prcparatlOns of perlphcral Icuko-

enter, Thou.wnd Oak.\-, Cali/ornia ....- cytes obtained from pa-tients with acute 

- ltl'Jercllces- and Noles 

1. S. Geller, Scieuce 152. 644 (1966) . 
2. H . E . Marsh, L. Pau li ng. J . .D. McCullough. 

A cta Cr)·.lt. 6, 71 (1953). 
3. W . R . Bus ing. K. O. Marlin, H . A. Levy. 

Oak Ridg~ Natioow/ L"boratory Report ORNL.
TM-305 (1962 ) . 

4. The values given for lhe helix rudills and 
a verage S-Se dist ance &hould be taken as 
tenra tive Limits of error for these are now 
approximnlely ± 0.05 A. 

5. We Ihank P. n. Crand:lll for lechnicnl nsslst-
allee. 
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, infectious hepatitis (hereafter referred 
to as the direct method). In another 
method {indirect) 0.1 ml of the serum 
to be tested was added to cultures of 
leukocytes obtained from healthy in
dividuals. Preparations to which no 
serum was added served ·as culture con
trols. 

No metaphase figures, as judged by 
thc direct method, were seen in 
specimens obtained from 12 paticnts 

j .... ~.t • .\ ... A: . ' 

with acute in fectious hepatiti s. Most of 
the leukocytes present were contracted 
and deeply stained or m acerated. Chro
matin clumping occurred in a few 
cells, but there was no other sign of 
mitosis. Eight to 20. percent of cells , 
taken from patients before they de
veloped hepatitis had metaphase 
figures. Thirteen to 20 percent of leu
kocytes from convalescent patients 
after liver function tests had become 
normal had metaphase figures. How
ever, these chromosomes showed an un
usual sticky quality as well as mul
tiple breaks, deletions. and additions f 

(Fig. 1). 
Serums from nine patients with in

fectious hepatitis repeatedly inhibited I 

the development of metaphase figures I 

in normal leukocytes. The incidence of 
metaphase figures in these prepara
tions ra nged from 0 to 0.5 percent of 
the cells examined. In contrast, con· 
trol cultures revealed 8 to 20 percenl 
of the leukocytes in metaphase. 

Using the indirect method. dilutions 
of four serums that inhibited leuko
cyte mitosis were tested. In each case, 
the serums diluted up to one part in f 
1000 inhibited mitotic activity. Serums 
from normal, healthy individuals and ' 
eight patients with noninfectious hepal- I 

ic 'lli~oase did not ~lIppress mclaphn~e ~ 
figures in leukocyte cullllres; 12 10 2(J 
pcrcclll oJ' the leukocytcs wcrc in mC);I ' 

phase. 
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The hlood and serum of palienls 
with acute infectious hepatitis have a 
factor that inhibits leukocyte mitosis ( 
and mitosis of normal leukocytes in I 
culture. The inhibition of leukocyte 
mitosis does not seem to be mediated 
by elevated concentrations of SGOT or 
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Fig. 1. Increased stickiness and Olher 
chromosomal aberrations. Several breaks 
nre indicated by arrows (X 1200). 
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