


(HDFHBEF 03 S

P BRI S0k
AR EREUERLD
g%

*

BEAEHE AL R 8 R
(BHNBRE 2T S
BREFESIERT
HERE R AR B R
Fra 850 1168 k1732 17. 125 EI3K 5§77 405 T
19924 12 A% 1 I
1992 F 12 A% 1 KEIR
EI%. 11200

ISBN 7—5335—0590—5/C. 6
17 7

Fob A R R R T R ARE AR






J¥

15 B4 R R W AL R ER A R B 2
G RN EHE, B TERE 45, K
BTREFE, YREGULEREAZ— B
PR EACEE L - WSk 2T s
) B R F R LT E S B RO U LAY
S8, BRRIERESEHLEHRFEL
TR E.
SEGREERF T EA LRSS T
PIFHERIES BE, RS HENERER
R&HH) MREHTRITTES, fiRH
THEMETHEPERMER5ER. K25
B O(REEIELEER). SHE5HE,. BAS
A BHENRSEEANNES (Wi LEURE
BET— R ). mS, WX ES L
REARRERY —, CRIMEETAEE
CASE BT M RIBF M2 LT T4,
ENEEBEER . SRS BR e, &
B SRR RN | BOE R AR R %
FEBET EMERAR; A0 B EA
SRETHEAEMFRARYT “FrTHd
7 AR R BIE” B R A W2
REE, BETERRTINEE,



5 5 45 7 270 BB 7 T A4 L B B R
3o f %036 1 2 BT R R I B BT 30 25 L 50
SR 70 AARHTI, TR R E T AR
R TR AL TR R A 0 7 P BRI B
EORSRERRGS et Xy EH S &R
e, XA ERRFTFREMT EH S
BRI MEHETEALERE YRR
TEEEM, A% ICE RGN B
IR AT 07 E BT 5 T AERY . 1987 4, 8 M
K ABRERLAE WHFERTFR
BRI CHRREREET 2 Mos, 1"
A MrE— RFLE R MWK TR %
K, BHFED EIET XA FEERES
FHEM AP F &, B T RSB,
BB TARA R, HE AR RTEE.
R BRI B
%, A “BKZEE". 1945 AR A R IE A4k
2 2 LB, BA AR B, Bin LE
REEANS, BEERWA, BERE, h
FRESER, X REERENEET . 55
Rl SR A — i, AR IRE, SARMEDE, 41
Wy R, TR T TR, 2 E MK
B RATMK T HEMBENER, BPRAEE
S Lo P AT L bl
i, AREETTRE S RO N



RAMEZ . A8 T A e T2k,
X 54 R E B R AT . 50 AR
B, ER NS R RN E IR AN, B &
MG R RBHRE VI, F—RERNE
G, BRI T REZNSR TR E.
A F, KEATEN IR Mk 3 77 T L3R BT 1
WREREE IR TFRHREY, BHAE
B — A EREERELHILA LA E S
HEBEE, BERRE—EENE. hER
BB R F AR, STERK TR
R, PEMERETER. BITAELEHE,
b T8k . EREB 2R EEY R
R R SRR A B4,
EERDA, BAY EESH T, BAEFARL
BRSBTS HER, WH
WA %4 ke S AR B R A
K2z -, .
PESFEARBRMRKERL. 1937
EHEEY, 1939 SARERRIERELS
RLGEEE EE AR, 1945 EIEHH KA 0
B, R E MR B TAERI A TG &1, B
SRIAKE, 1986 FAEHIE “ANT” HHRIS, Mk
R, WA ARRERMY, BRAE, HF
REE IR, BH H CAFM AT, Bty
A “BIRE”, MEHIXEEAREE LT R B



AR 2. 28 LA B T R A 4
BRSPS RKER, HEARRE, RITL
A R,

REBHATMIAT 1951 4, WERHED
10 24, WS TIRER A B T RAO1FE
R S R RS IR AR, B AR
—A “IEH R, 1955 4ER{11F B 4 i E R
MRS HERERYERER, FEXH
BEBHTMEY—RHE. ESEBRATNX
T, RAAEBALEESE. 1722, I8
WE, THRBEN, EEABYHE, AR
BE, AR, MIFET . HE, EERAE
B,

X HESE IR B, A SR
EREERAWLELLETESBETEL
# B R PR KM IR . I, R —A4
ERR. EAE. ZRATHEH, AEESRX
HEKE, EEL EAERER LYY EE
4 R RS B T B A R R E

R EHUR BFHHRE! X
BAE

1992. 2. 15



XX N o O

10

11

B R TT R T oeeeeeeeveese (D)
RE- ST EHENEY CONHY), « Hy0, B g k%
Fhf roveerrennnnniiiiin i (17)
B REREN L-P BFEME e (36)
FACH . B AR B AL M B B AT TR
ettt tes et erbes e eebee vt sebeeaes snne « (48)
SREFEILY LRAYE X SERRE - (79
B PR AR ZE R cv e e nerenemnnieniniiinineee s (86)
SEAL A TATEIESE coeeervenesnnnne (110)
THFNERX T HE IS TP IE T LW
HRUAERZREA IR R IHLRE ~ooereeereeee (12D
—NEHEZARRWERS2E TR e (13D
F, AR i o i 7 H, 45 A SR R 4R S i LA
FLEE cevenrrecnniiiniimesiininiiiine e (148)
[ R0 B 4 B 2800 R O 1 B 25 R — R R

AU O TEAL B BRI R At v eeeresmrnrennsninn, (1515‘)



12
13

14

15

16
17

18
19

20
21

23

24
2

JEFHEL SRS oo emeeeeeeeaeiees (186)
[ BB E O MR TR & A
. coraae e (229
(1) B ABS ISP O MR R F R A R R
RESHK - ceerenees B €1 1))
(2) [ B REEYES OF R YIS R
. PP caes - (266)
(HEEEEES LG EZEAYHIRIES
“eenes - (268)
PO H FE B Roussin £1E: (MeN),[Fe,S: (NO,),JH)
I F O EARLE R ceoeveome e e riamniieneens (271)
M F AR R E T R e e (287)
HMETFHELS YR — —SEFE = EHE
FHEATYH GRS RESEH T e (300)
S E FBEW BUBEME I «oeeeeeerresiecinnnases (320)
Mo3S,[S:P (OEt), ], (H,0) [ WA BEBF 55 % Mo
(L-S)“HKHF LMY IRAE oevoremevernnernnnns (344)
MoFesS, RILTTKEk G W& BBFFT oo eee e (367)
BB A AR TR REL & 4 Mo,S4[S.P
(OE), 1« WL M SR A - seeseeesenss (381)
HES BRI RMESY S B PO EETE
FEEPIZRE ereeeemeireiinin e . (404)
W FE Mo:S, ' AW H [ Mo:S: |HEF I &
RIS T PEACTR cooeereremnrennsiinnnnecnnannns (433)
“TEIEAR "R EH T A& 8L E SRR



25

26

28

THENGHETHER - s s (457)
BREEGW SR F#E — Isolobal Analogy HY

N FIHE - Cereretreiasaceerranes . (477)
HE[Mo:S, " BREW T [ Mo:S, IS K HHA
RBIRE - - (488)

V3 AR A 6 R Al T BUE R R ——
Loy TRE DT R AT E WA B R Or kel
¥ - - (500)

[MosS, " $E G R H A= [ Mo:S; 1" . [Moy
CuS, " M B BAL T THUEBF T o eeveeeeeee (521D



CONTENTS

1 Chemical Methods of Concentrating Radioative Halogens == (1)
2 The Crystal Structure of the Urea-Hydrogen Peroxide
Addition Compound CO(NH,), e H,Q, serserreesececsnces (17)
3 Reciprocal Lorentz-Polarization Factor Charts for Equi-
Inclination Weissenberg Photographs esseeseeceseees sesacsses (36)
4 An Electron Diffraction Investigation of Sulfur Nitride,
Arsenic Disulfide (Realgar ) ,Arsenic Trisulfide (Orpiment)and
SUIUL ersreeoserresescnccsansccnncsscivsecsssssssissanssrscnssacensss (48)
5 An X-Ray Examination of Crystals of Triphenylmethyl
Chloride and Bromide see eeeece e cancnn ses et Rs st aBa Rae sse Ba (79)
6 The Crystal Structure of Biphenylene steesscsersecasascrcrnes (86)
7 An Electron-Diffraction Investigatfion of Nitrogen Trifluoride
8 An Introduction to by Butlerov’'s Current States and Prospect
of Interations Influence and Reactivity Theory in Organic
Compound Molecules sseerseresnssesnmeonenceonnennnicsnnees (121)
9 An Empirical Three-Constant Eauation of State for Gases
..... I O 11 B
10 A Geometfric Enumeration of the Cancnical Electronic Stru-

ctures for the Valence-Bond Treatment of Molecules
4



11

12
13

14

15

16

17

18
19

...... T P P G LT D)

A Preliminary Model for the Active Site of Catalytic Ni-
trogen Fixation in Nitrogenase--Also on Structural Criteria
for the Activation of Dinitrogenase Molecule Via Coor‘ina-
LON seeasssnssserannnsriestmnansnensseresceconsnsnnesnnsssnseeee (155)
Structural Chemistry of Cluster COmpouﬁds sssersnieaes (186)
Composite“String Bag”Cluster M6de1 for the Active Center

of Nitrogenase =esseeeecceossoracconacsssotccnoitorneserrasens (229)
(1)Evidence for the“String-Bag ”Structure as a Basic
Structural Unit for the Active Center of Nitrogenase

and an Attempted Synthesis of “String Bag” Model Compo-
UNAS e eermrnsessssssronsorsessonssstonsnsiasssiesesans sensensns (263)
(2)Attempted Synthesis of “Series F” Model Compounds

for the Active Center of Nitrogenase steeseseseecrececcas (266)
(3)Attempted Synthesis of “Series G” Model Compounds

for the Active Center of Nitrogenase «rrresserecsessesse: (268)
The Crystal and Molecular ctructure of aiTypical Red

Roussin Salf(Me,N),[Fe,S;(NO),Jeeesrrsrevescssnnennnnn (271)
The Methodological Problems in the Studies of Structural
ChemiStry +sssreseesessessrsonsisssiicessuecesnascissneseanes (287)
Research on Molybdenum Clusters— —Synthesis and Crys-
tal Structure Analysis of Some Binuclear and Trinuclear
Molybdenum Cluster Compounds se»esessssesereresseccencas (300)
The Bonding Properties of Mo-Fe-S Clusters ssesesseeee (320)
Reactivity of the Trinuclear[Mo-S Cluster M0;S,[S,P
(OEt)zL(HQO)jand an Interesting [Quasi-Aromaticity |

of the Mo;(u-S); Structural Unit  seeer sescasensenaianees (344)
5



20

21

22

23

24

25

26

27

28

Studies on Syntheses of MoFe;S, Cubane-Like Cluster
Compounds  seeeereessiessnseeciieeensiiiisesnsinecensessnne (367)
Structure and Reactivity of Molybdenum Clusters with

Loose Coordination Site sM03;S, SsP(OEt), ;L =s+eees= (381)
A Unit Construction Approach to the Rational Syntheses

of Transition Metal Cubane-Like Clusters by the Use of
Reactive Fragments as Building Blocks  sererecescenceees (404)
A Preliminary Discussion of the Nature of Quasi-Aroma-
ticity in the Non-Planar Puckered [Mo3S; | Rings of Cer-

tain [Mo3S, J'" Clusters eesseereesronseerseecnersmanaennnnes (433)
The Roles of the Sulfur Atoms in “Unit Construction”
Schemes Proposed for the Rational Syntheses of Transi-

tion Metal Clusters Involving Sulfur Bridging eceesreee-e (457)
Novel Syntheses of Metal Clusters from Reactive Fragments
—— Applications of the Isolobal Analogy Concept *+++» (477)
A Preliminary Quantum Chemical Analysis of the Nature

of Quasi-Aromaticity of the Puckered M 0353.] Ring in
Certain [Mo,S, 1" Clusters seessssorssssssrsersesssnsneensns (488)
Localized Molecular Otbital Studies of a Seties of Planar
Monocyclopolyenes — — A Preliminary Investigation on

the Use of Localized Molecular Orbitals as a Theoretical
Method in the Analysis of the Nature of Aromaticity +++(500)
A Study of the Electronic Structures of a Typical [Mo;S,]""
Cluster and its Addition Products [Mo,S; ]"" and
[MO3CU54]5+ tresisastsistitessssiasrstssaraessrsesscsiasssanees (521)



1  Chemical Methods of Concen-

trating Radioactive Halogens

When organic halides are irradiated with neutrons a consider-

able amount of the radioactive halogen fqrmed can be separat-

ed by extraction with suitable reagents (Szilard and Chalmers,

Nature, 1934, 134, 462).In the present paper a quantitative

study of this phenomenon has been made,a variety of halides

and a number of reagents to extract the radioactive product

being used.

It has been found that although radio-iodine is separable

mainly as the free element ,chlorine' and bromine are largely

extracted as anions.The addition of a little aniline to the

ﬁalide before irradiation has given a larger yield of extractable

radio-bromine. A method based on this reaction faor preparing

highly active specimens of radio-bromine has beeﬁ developed ,

and a concentration factor of 30,000 has been obtained.
SZILARD and CHALMERS (Nature,1934,134,462) first showed
that by suitable chemical methods a radioactive isotope can be very
highly concentrated and separated from nonradioactive iso-
topes. They irradiated ethyl iodide containing traces of iodine with
neutrons and then extracted the iodide with water;the extract was

found to contain a large radioactivity associated with only a small

1



fraction of the total iodide irradiated. Later, Fermi, Amaldi et al.
(Proc. Roy. Soc. ,1935,A,149,522)applied similar methods to ob-
tain concentrates of radioactive isotopes of the halogens,manganese,
and arsenic. More recently, Paneth and Fay (J., 1936, 384) have
used electrical methods of concentration,and Gliickauf and Fay(J. ,
1936, 390) have shown that the halogen atoms expéued by recoil
from captive y-rays can frequently give rise to substitution prod-
ucts,e. ¢. ,dibromobenzene from bromobenzene,etc.

Erbacher and Philipp(Ber. ,1936,69,893;Z. phystkal. Chem. ,
1936, A, 176, 169) have also studied the separation of radioactive
halogens by aqueous extraction of irradiated alk yl halides and by ad-
sorbing the halide ions on charcoal. These workers were primarily
interested in obtaining the radio-halogens as free as possible from in-
active halogen,and have devised methods which reduce the concen-
tration of halogen in the aqueous solution to unweighable amounts
whilst retaining a large amount of activity. They did not ,however ,
compare the radioactivity of these extracts with the total radioactivi-
ty generated in the organic halide; hence it is~difficult to compare
their results with those obtained in this investigation.

The work described below was directed towards a quantitative
study of the phenomena of chemical concentration of radio-ele-
ments. Special attention has been paid to radiobromine,since this el-
ement gives inter glia a radioactive isotope with a half-life of 33
hours which makes it particularly valuable as an indicator in kinetic
studies.

Apparatus and Plan of Experiments. —The source of neutrons

contained 200 mg. of radium sulphate mixed with powdered berylli-
2



um and sealed in a platinum cylinder. This fitted into a recess in a
paraffin-wax cylinder around which an annular glass vessel held the
liquid to be irradiated. T his glass vessel fitted into a cavity in a large
block of wax so as to utilise the neutrons which are scattered back
by the wax. '

The B-ray activity of the specimens was measured in annular
glass vessels with very thin inner walls which fitted closely over a
Geiger-Miiller counter. Several such vessels were prepared of such a
size that 25 c¢.c. of liquid gave a column of more than twice the
length of the “window” which admitted p-rays to the counter. To
allow for the inevitable variation from vessel to vessel of the thick-
ness of the inner wall,the vessels were calibrated by measurements
with a dilute solution of uranyl nitrate.

The impulses generated in the Geiger-Miiller counter were
passed to a simple one-valve amplifier ;this was transformer coupled
to a gas-filled relay which operated a telephone call counter. Later ,
a more elaborate amplifier followed by a thyratron“scale of eight”
counter (Wynne-Williams, Report Prog. Physics, 1936, 3, 239) was
used and the accuracy and speed of the experiments were much im-
proved. This equipment was tested with a series of solutions of
known uranium content and its response was found to be accurately
proportional to the uranium content up to a speed of 600 impulses/
min. At 1000 impulses/min. the correction for coincident counts was
small.

Some of the earlier experiments were made with counters filled
with' air at 80 mm. pressure;later the mixture of 90 mm. of argon

and 10 mm.of ethyl alcohol vapcur recommended by Trost



(Z.Physik, 1937,105,399) was used and found to be much more
satisfactory. Although our counters were constructed with ebonite
end—pieces;there was rarely a failure when constructing new coun-
ters and many of them have had a useful life of more than six
months.

The general method adopted to study the extraction of the ra- 1
dioactive product was to irradiate an organic halide and then divide“:~
it into two or more portions. One was retained as standard ,and the
others then shaken with suitable reagents and separated. The activi-
ties of the samples of organic halides were then measured,and the
loss on extraction determined. With this procedure no correction is
needed for absorption of g-rays in the medium. In a few experiments
it waé necessary to measure an activity in an aqueous solution and
compare it with an activity in an organic halide. The correction for
the difference in self-absorption was then determined by appropriate
subsidiary experiments.

In n;ost cases the period of counting was chosen so that at least
1500 impulses were recorded ; the error due to chance fluctuations
was then less than 3%. The activities quoted in the. tables below
have been corrected for radioactive decay,for self-absorption (where
necessary ) ,and for variations in thickness of vessel walls.

A permanent standard of B-ray activity was constructed by~
mounting a few mg. of U3;0; on a strip of gummed paper inside a
glass tube which fitted over the counter. This served as a convenient
monitor for controlling the performance of the counter and indicated
any change in its sensitivity. Measurements of this “uranjum stan-

dard” were interpolated between other measurements and the re-
4



