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SCOPE AND CUNTENTS: An investigation was undertaken to check the

difference in isotopic content between two boron samples measured

earlier in this laboratory by using different methods of sample

preparation from those used in the previous investigation. Yields

ol preparation were measured throughcut, Heasurements using methyl

borate and boron trifluoride indicated a difference of slightly

over 2% in the isotopic content of the samples, whereas the differ-

ence found in the previous investigation was 3.5%.
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INTRODUCTION

(A) General

In 1948, Thode and others (1) found variations of as much
as J.5% ip the isotopic content of boron in nsture, Since then
various workers (2, 3, 4) have carried out similar investigations
but with conflicting results, scme (inding no variations to within
the precision of thelr measurements. The present work is an attempt
to resclve these discrepancies and invesiigate the errors in this
type of measurement,

(B) Historical

(1) Discovery of the Stable Ilsotopes - The name "lsotope" was invented

by Frederick Soddy in 1913 to designate elementary substances identical
in chemical behavior and stomic spectrum but differing in radio active
properties, The {'irst indication of the existence of isotopes of non-
radiocactive elements was the positive ray experiments on neon by Jo 4,
Thomson (5) in whick particles of mass 22 were observed along with the
expected paricles of mass 20. Unsuccessful attempts to isolate this
unknown constituent by chemical methods followed, which, together with
hston's investigation of neon with the mass spectrograph (6), suggested
that the constituents of mass 22 ang 20 were isolopes of neon, Examine
ation of other olaménts with the mass spectrograph revealed that many

of them were composed of isotople mixtures,

(2) Ihe Separation of Isotopes - Although the isotopes of an element



B e
were believed to be chemically identical, it was shown by Lord Ray-
leigh (7) thet gases differing only in the masses of the molecules
could be separated by diffusion. This was experimentally realized by
Hertz (8), who schieved considerable separation of the isotopes of neon,
Fractionation of the isotopes of mercury by distillation was demonstrated
by Bronsted and Hevesy (9) using sensitive density measurements,

The application of quantum statistical mechanies to chemical ther-
modynamice and kinetics predicted that equilibrium and rate constants of
reactions irvolving isotopes of an element should be slightly different
for the different isotopes. OUuch differences were calculated for sever-
al reactions of light elements by Urey and Greiff (10), Chemical frac-
tionation of the hydrogen isotopes was achieved by Washburn and Urey
(11) using the electrolysis of water.

(3) Natural Abundance of the Isotopes = Aston measured isotopic composit-

ione by photometric methods on his mass spectrograms, but the precision
was only sufficient to show consistency with atomic weight values. Dem-
pster (12) measured the ratioc of potassium 39 to potassium 41 using an
electrometer to detect the ion beams,

Atomic weights had been found to be constant within experimental
error until Briscoe and Hobinson (13) found variations in the atomic
weight of boron coming from different scurces. The calculaticns of Urey
and Greiff suggested that the isolopic content of the light elements
might vary in nature. A mass spectrometric investigation by Nier (14)

on the 012/013 ratio in various samples of carbon showed variations
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depending on the source, e.g. between marine carbonates and petroleum,

Since then, variations in the abundance of the boron, nitrogen, oxygen,
and sulphur isotopes have been reported,
(L) The Isotopes of Boron - The isotopes of boron, 810 and B, were

- discovered, their masses measured, and their abundance ratlo estimated
photometrically by Aston (15). The first mass spectrometric investigation
of the isotopic sbundance ratio was performed by Inghram (16) on boron
trifluoride supplied by the Harshaw Chemical Company., Thode and others
(i) measured the isotopic abundance ratios éf boron from a variety of
sources and found differences in the ratios of up to 3.5%., A similar
project was undertaken by Osberghaus (2), who examined b&on?fm
various sources but found the ratios constant to within his ;xperimm
error of 0.,5%. V. Shiuttse (3) demonstrated large isotopic fractionations
Nin the thermal decomposition of potassium fluoborate and the evaporation

‘of borde oxide and found a difference of over 3% in the isotopic abundance
;ﬁmﬁ be’kamun boron from & Central Asian source and boron from an Italian
ﬁéuraha Wickman and others (L) examined borom of geologically different
origins ranging from igeneous silicates to sea water but found no
variations in isotopic content outside of their experimental error of
0.2% except for sea water boron which was 0,2% enriched in BM over their
other samples., It was in an effort to resolve these apparent discrepancies
that the present work was undertaken,

(C) Problems of Measuring Isotopic Abundance Ratios

The investigations described above have been concerned with two



problems:

(1) the measurement of the isotopic content of a sample of

an element,

(2) the measurement of differences in isotopic content among

several samples of an element,
As might be expected, the second problem is the more difficult.

in the mass spectrometric measurement of an isotopie sbund-
ance ratio, the sample must be processed to a form suitable for iogim-
ing in the ion source, i.e. a gas or a solid depending on the instru-
ment used. 4 portion of the sample is ionized by an electron beam,
the ions accelerated by an electrie field, collimsated into a beam by
8lits, deflected by a magnetic field and those of a particular mass-
to-charge ratio collected by 2 ?arqday cup. The ion current passes
through & very large resistor (about 10%° ohms) in going from the cup
to ground potential: the voltage across this resistor is amplified
and the resulting signal read on some indicating device, usually &
Qoréa-operateﬁ chart recorder. GUystematic errors in the isotopiec
abundance ratio can be classified as:

(1) fractionation of isotopes in the processing of the sample,

(2) mass diserimination in the spectrometer,

(3? non-linearity in the measurement of the ion current.
Fracticnation of the isolopes in physical and chemical processes has
been demonstrasted (see section B (2) above) and can be expected to
occur if the sample used in the instrument has been prepared from the
original sample by methods giving less than 100% yield. Mass discri-

mination can be described as resulting from the dependence upon mass
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of the efficiency of the instrument in ionizing the sample in the sour-
ce and collecting the ion beam at the Faraday cup. This effect is ser-
ious if the masses belng measured are selected by varying the electric
accelerating field (electrostatic scanning), since this field strongly
affects the efficiency of the source. lNon-linearity can occur in the
collector cup resistor (since it is difficult to make a very high res-
istance that obeys Ohm's law exactly), the amplifier and the recorder.

Non-linearity can be detected by straight forward electrical
measurements on the various components., If the yield of preparation
of the sample is known, an upper limit to the isotopic frasctionation
ocecurring in this step can oPten be estimated. Mass discrimination, how-
ever, is both theoretically intracteble and experimentally inaccessible
by mass spectrometric measurements. The most that can be said is that
consistent results can be obtained from different instruments under
certain conditions, but tiere seems to be no way te detect any syst em-
atic error common to all. True isotopic abundance ratios will prob-
ably require the use ol standards determined by other methods, possibly
synthetic preparations of separated isotopes.

The problem of comparing samples with respect to isotopie abun-
dance ratio presents lewer difficulties. UJince the guantity sought is
the ratio of the isotopic azbundance ratios for two samples, the mass
discrimination factor cancels out entirely and the non-linearity factor
becomes a second order effect provided both samples are measured at
about the same signal level. Isotopic fractionation in the sample pre-

paration can present serious difficulties, however, since workers in
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this field are often interested in samples of different chemical
origins and, unless yields are close to 1008, isotopic fraction-
ation differing in extent between samples can be expected to occur,

Handom errors are produced by fluctuations in the operating
conditions of the instrument, upon which the mass diserimination
factor depends. lence, the greatest possible stability is required
of the control devices, and, Lo keep the effect of drifting of the
operating conditions to a minimum, the samples should be compared
in the shortest poscible time, OSatisfying this later requirement
leads Lo difficulties with certain compounds which exhibit "memory
effects.”

"Memory effects" are produced by compounds which have a strong
tendency to be adsoirbesd on the walls of the spectrometer, the most
notable example being boren trifluoride., Aston (17) remarked on
"the extraordinary power (of boron trifluoride) of resurrecting
the spectra of gases which had been previously used in the discharge
bulb." Hence, if two samples are being compared, a sample may Be
contaminated with the one previously measured, even though its ion
current has completely disappeared. The only remedy is long flush-
ing with the sasple to be measured before measurements are taken,

but precision is then reduced because of instrument drift.

(D) Scope of the Present Investigation
The experiments described below were undertaken to check the

differences in isotopic abundance ratio found previously in this
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laboratery (1) in view of the recent reports indiecating little or no
variation in isotopic contaﬁt of natural béron samples, and to study
the preparation of different boron compounds te improve the precis-
ion of comparing isotopic abundance ratios.

A desirable compound for use in & pas-type spectrometer must:.
(1) be preparable in high yield from the required starting
material,
(2) be sulficiently volatile at room temperature to be easily
handled in & vacuum system,
(3) show no "memory effect”, which will be satisfied if it
does not readily form co-ordinate bonds.
A class of compounde showing very little tendency to form co-ordin-
ate bonds is the alkyl esters of boric aéid. The most volatile mem-
ber, methyl borate, wes chosen for invesiigation. Ioren trifluoride
was also studied, partly beczuse it is & step in the preparation of
deuterated diborane, for which & study is planned.
The samples studied are the two boric acid samples which
showed the grestest difference in isotopic abundance ratio in ihe
previous investigation, from Stassfurt, Cermeny, and Tros Lorros,

Argentina prepored by lLorex Conmsolidated, London, Lngland.
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(4) Preparation of Samples
(1) Preperation of Methyl Dorate - Methyl borate was prepared follow-

ing the method of Schlesinger and others (18). 0.1 moles of borie
acid was converted to boric oxide by heating at 200°C in a vacuum
for two hours or more. The boric oxide was added to about 0.6 moles
of methanol (synthetic grade dried by refluxing with magnesium) in
boiling flask and the mixture distilled through a fractionsting col-
usn. The methyl borate-methanol azeotrope was taken off at about 54°
C: at the end of the reaction, the overhead temperature rose fairly
sharply to 64°C. The azeotrope (about 75% methyl borate) was treated
with about 2 gms. vacuum-dried lithium chloride, which dissolved in
the methanol, causing two layers to forn, with the methyl berate on
top and lithium chloride-saturated methanol belo%. The methyl bor-
ate wa: then separated by pipetting. Care had to be taken to keep
contact of the ester with moist air to & minimum, sinee it hydrolyses
extremely rapidly.

During the trial preparations using U.0.P, boric aclid cry-
stals, two fractionating columns were used, an electrically-heated
Fodbelniak column 50 em. high and & mn, in diameter rated at 20
plaﬂes at total reflux and & glass helix-packed column 60 cm. high

and 10 mm. in dismeter estimated at around 10 plates. Yields obtained


http:satura.te
http:vacuum-<.l.ri

-y &
with either column were around 65 - 70%. Varying the methanol-borie
‘acid mole ratio between 6:l and 12:1 did not appreciably affect the
yield,

ihe samples of boriec acid from Stassfurt and Argentina were
made into methyl borate using the helix-packed column snd & methanol-
boric acid mole ratio of 7:1. The ylelds obtained were 34% and 31%
respectively,

Thaldemirable sige of sample 1o use with the mass spectrometer
is 1074 moles. Separating this amount and transferring it to a sample
tube presents some problems, since the losses by hydrolysis due to ex-
posure to moist air of such & small amount of methyl borate might pro-
duce severe isotopi¢ fractienation. The method finally adopted was
to draw the methyl borate into en ampoule of & suitable Qixe nade of
1 mw, bore plass capillary tubing. The ampoule was sealed at both ends
ana put into & vecuum systew provided with bresk-seal sample tubes,
With the syutem evacuasted, the ampoule was broken with an iron breake
and the methyl borate frozen intec a sample tube.

(2) Prepsration of Boren Irifluoride - Boron trifluoride was prepared

by the thermal decomposition of potassium fluoborate, which was pre-
pared following the method in Inorganic Syntheses (19,. 0.02 woles of
boric acid wa: added slowly to 3.5 sme. of chilled L48f hydroflueric
acid in a Teflon dish, and the resulting solution left for 6 hours at
room temperature. The solutidn was them chilled again in an ice bath

and 5M. potassium hydroxide added until the mixture was neutral to
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methyl orange. At this point the mixture was a th?? paste. After a
half hour, it was filtered in a fritted glass cruéiﬁla and the solid
on the filter washed with cold water, alcohol and ether, The potase
sium fluoboraste was a white chalk-like powder. The yields were ar-
ound 93 - 95%.

To make boron trifluoride, 0.0l moles of potassium fluobor-
ate was placed in a nichrome boat provided with a long nichrome wire
handle. This was inserted into an inconel tube with one end sealed
and the other end connected to @ ground glavs joint by means of a
Kovar seal., The tube was connected to the vacuum system as shown '
(Fig. 1) and evacuated to below 1072 mm. of mercury pressure. The
mercury float valve Vi was closed, the U-trap immersed in liquid
airy, and an electric furnace at about 600°C was placed around the
inconel tube. &fter 2 hours, the lurnace was removed, valve V2 clos-
ed, and the U-trap allowed to warm to room temperature. 7The mercury
level in the volume adjusting bulb was fixed at the bottom of the
bulb and the pressure read on the masnometer. From the pressure and
the volume of the system, the yield of beron trifluoride was cal-
culated. The pressure was then adjusted by means of the volume ad-
justing bulb to 30 em. mercury, and a sample taken by closing the
stopcock between the sample tube and the system, freezing the boron
trifluoride in the sample tube, and sealing it off with a glass-
blowing terch.

Defore this reaction was carried out; the vacuum system was
pumped out for at least 6 hours with the furnace around the inconel

tube and the glass parts repeatedly flamed in order to remove any
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taroughout this investipation was a 180° direction«focussing instrument
of the Nier type. Ion current measurements were made with an Applied
Physics Corporation Vibratingereed electrometer coupled to a Leeds and
Northrup Speedomax recorder,

The methyl borate spectrum was scanned using an accelerating
potential of 1500 volts and a beam of ioniszing electrons of 80 e.v.
energy. The principal peeks were observed at masses 10 to 18, masses
28 to 31, masses LO to L2, masses 71 to 73, and masses 102 to 104. The
firet group of peaks was attributed to B, Cig, and Hy0 and thelr fragments,
the second to OCH3, the third to B (OCH3), the fourth to B (OCHj3)p, and
the last group to B (0CH3)3. The distribution of fragments containing
boron was 228, 63%, 1%, and 0.5% for the B (OCH;)5, B (0CH;)p, B (OCH,)
and B fragments respectively. '

The 511/51(} ratio measured from the B peaks was around 3.8:
this value is so far from other experimental values that severe mass
discrininatien in the source appears to have taken place., Hence it
was decided to measure the BIL/B10 ratio using the B (ociy), peaks.
™ The spectrum in this region was complicated by the presence of

the B ,(00}13)3 fragment with one or two hydrogen atems removed by electron
impact, as is shown in Table (1). |
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Table 1 Hethyl EBorate Spectrum Used

lass Mo, Fragments

70 pt0 (0CH,), - 2H

7 B9 (ocH ), - H, 3l (0CH;), - 2H
' 10 11

72 B (00}{3)2, B (0{:33)2 - H

73 M (0cH,),

The rarsr isotopes of carbon and oxygen were not taken into
account, since their effect on messureing the difference in isotopic
abundance ratios of two samples would be small. From the measurements
of the peaks at the mass numbers shown, simultaneous equations can
be set up in the 311/810:?§€19 and the ratio of the amounts of frag-
ments with one and two hydrogen stoms removed to the amount of the
original fragment.

1t was found that the B (OCH3)2 -R/B (OCH3)2 ratio was about
0.15 and the B (OCH,) - 2 / b (0CH,), ratio about 2 x 1073 for the
operating conditions used. The resulting correction reduced the pre-
cision of the Blo/Bll ratio values to 1/2 that of the ratio of the 72
and 73 peaks.

(2) Measurement of the §l¥/Blo Ratio Using Methyl Borate - The spedt-

run was scanned (by varying the magnetic deflecting field) from mass
73 to 70, the direction of scanning reversed, and the same peaks scan-

ned in the reverse direction. This procedure was repeated six times,
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then the sample was changed and & set of peaks taken in the same man-
ner with the new sample. The two samples being compared were measus
ed alternately in this way until three or four sets of peaks were ob-
tained with each ssmple., ‘he rapidity with which the ion currents
disappeared upor removing the sample suggested that the methyl bor-
ate showed little tendency to be adsorbed ou the wall of the spectro-
meter tube.

The difference in isotopiec content for the two samples wes ex-
pressed as the ratlio of their 811/310 ratioss This wae calculated by
dividing the B1/B10 ratioc obtained from a set of readings on the one
sample, by the average Bll/Blo ratic obtained from the two "bracketing"
sets of readings on the other sample.

(3) Heasurement of the BL/BL0 8atio Us de - The mess

spectrum of beron trifluoride has been described by Inghram (16), who
found that over 90% of the boron detected occurs at the EF2+'fragnent.
This fragment was used {or the measurements and, to azllow correction
for interference from the SiF'Pion, mass 47 was ineluded in the scan-
ning along with masses 48 and 49. The measurements were carried out

in the same manner as with methyl borate except ihat, after the sample
was introduced into the spectrometer, it was allowed to flush the spec-
trometer for 10 minutes before measurements were started in order to
reduce the "memory effect" of the previous sample, The total time re-
quired to m&ke a set of measurements, including the samwple change, was

about 30 minutes.



RESULTS

(1) Heasurements on Hethyl Horate - The average ratio of 311/310 for

the Ytassfurt sample to Ellfﬁlﬁ for the argentine sample was 1,023

with a standard deviation of 0.007 for six measurements. The aver-
age BYL/BLO ratio for the Stassfurt sasple was 4.17 ¥ 0.03, for the
Argentine serple, 4.08 T 0.02. The standard deviations for the pll/plo
ratlios obtained from esch set of six readings ranged from 0.6% to 1.2%.

(2) Heasurements on Boron Trifluoride - The average ratio of Bll/ﬁlo

for the Stassfurt sauple to 311/310 for the irgentine ssmple, calculated
in the same manner as with the methyl borate results, was 1,021 with a
standard deviation of ¢.003 for five maaauram@nts. The average 311/510
ratio for the Stassfurt sample was 4.156 ¥ 0.006, for the Argentine
sample, 4,067 ¥ 0,015, The standard deviations for the BY1/B0 ratios

obtained from each set were about 0.,2%. Correcti ns for the effect of

8iF* were about 1%.

ﬂlé-
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DISCUSSION

The results cbtained from measurements on the boric acid
sanples from Stassfurt and Argentina by Thode and others (1) and
by the author are shown in Table (2).

The varlations in the ratiec of (Ellfﬁlg} Stassfurt to (Bllfﬁlg)
Argentina, with which this work is malnly concerned, are difficult to
account for, since, as explained previously, one would not expect a
systematic error in this retio arising from the mass spectrometry,

The exception is the "memory effect", which would produce low
results for the difference in isotopic content because of ccétamin—
ation of one sample by the other., This effect would be expected to
be greater in the bvoron trifluoride measurement than in the methyl
borate measurement, since the ester is known to be inert with res-
pect gg the formation of co-ordinate bonds, The methyl borate re-
sults, however, sgree with the lower barém trifluoride results:
therefore, the memory effect appears to have been small in these .

nmeasuremnent 8,

“ 1Y e
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Table 2 Comparison of Boron Samples
11 ;=10 211 /810 11 /510 =
B /Bd pil/p Bl/B10 sStassfurt ”
lon Used Sosalurt Argentina i Fethod of Heasurement
(&) o
BF, Lek83 T 0,010 4.320 4 0.009 1,037 90° sector mass spectrometer
(a) magnetic scanning
a) { &
BF, 4L.371 ¥ 0.004  4.278 % 0.003 1.0@2 180°mass spectrometer elect-
(a) rostatic scamning
&
B 4.422 £ 0,004 4.270 ¥ 0,001 1.635 180°mass spectrometer magnetic
(b) scanning
b
5 (0CH3 ), 4.17 ¥ 0.03 4.08 T 0.02 1.023 ¥ 0.007 18C°mass spectrometer magnetic
(b) scanning
b)
BF, 4.156 ¥ 0.006 4,067 ¥ 0,015 1.021 £ 0.003 160’ mass spectrometer magnetic

(a; Thode and others (1.

(b) Present worksp

scanning

- 81 -
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A low yield in the preparation of a sample could produce a
systematic error due to isétopie fractionaticn, but it is claimed that
the first two measurements listed in table 2, which show a large dis-
crepancy, where made on the same preparstion of boron trifluoride.

However, the results are sufficiently consistent to indicate
a difference of 2% of more in the isotopic content of the two borie
acid samples. The possibility of isotopic fractionastion in the pre-
paration of boric acid from the original minerals must be considered.
In the case of the Utassfurt sam-le, the boron occurred originally as
boracite, Mgg 87 013 Cl. Boric acid is obtained by adding hydrochlor-
ic acid to the mineral in aqueous solution, at which the boric acid is
precipitated. The Argentine sample was obtained fram ulexite,

Ha Ca B5 09.10H20, from which boric acid is precipitated in a similar man-
ner, using sulphuric acid., Unless yields are very different, the similar-
ity of the processes makes il unlikely that an appreciable difference

in isotopic centent would be produced., The differences in isotopie
content observed, therefore, probably represent variations in th% orig-
inal minerals.

In considering the resulis of those workers who found no var-
iation in the isotopic content of boren from various sources, it must
be remembered that without more information on isotopic fractionation
mechanisms for boron, it is a matter of chance whether samples are sel-
ected that differ measureably in isolopic content. However, the wide

extent of the investigation of Wickman and others should have ensured



the inelusios of samples showing these differences, if they exist,
The memory effect of boron trifluoride (used throughbut their in-
vestigation) would pive errors tending to suppress differences in
isotopie content. aAlthough this effect appears to have been small
in the present work, it would be increased by the folleowing faetors:

(1) large adsorptive tendencies of the surfaces in contact
with boron trifluoride,

(2) quick and frejuent sample changes as is presently the
practice in comparing the carbon and su}phur isqtopic
content of different samples.

As can be seen from the foregoing, the measurement of variations in
the isotopic content of boron lags considerably in precision behind
such measurements of some other elements. In the case of the methods
used in this investigaticn, the memory effect of Loron trifluoride
makes necessary long intervels bestween sample changes causing errcrs
due to instrument drift, while the complexity of the methyl bérata
molecule produces errors due to the indiroct method required to cal-
culate the results. Moreover, the yields of prepsration of these
compounds are too low to give confidence thet differences in isotop-
ic content have not been produced in the preparstions. These dif-
ficulties will have Lo be overcome before the measurement of differ-

ences in isotopic content of boron « an be applied to other problems.
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CONCLUSION

The variation in iscotopic content between two boron samples
measured by Thode and others has been confirmed but the values ob-
tained differ by an amount sreater than would be expected from the

precision claimed.



HEFRRENCES

(1) H. G. Thode, J. Maenamara, ¥. P, Lossing, and C. B. Collins,
J.4.C.8. 70, 3008, (1948).

(2) 0. Osberghsus Beit. f. Physic 128, 366, (1950)
(3) V. Shiuttse J. lxper. Theoret. Phys. USSR 29,

486, (1955).
Soviet Physies 2, 402, (1956).
(4) A. Parwell, H. vonUbisch, and ¥, E, Wickman
Geochimica & Cosmochimica Acta 10, 185, (1956).
(5) d. J. Thomson Hays of Positive Hlectrieity and Their
Applications to Chemical Analysis.

(Longmans, Green & Co. 1913).

(6) F. W, Aston fnil. Kag. 38, 709, (1919).
(7) Lord Rayleigh Phil. Kag. 42, 493, (1896).
(8) H. Hertz Naturwiss. 26, 494

Zeit f. Physik 79, 108, (1932).
(9) J. M, Bronsted and G. Hevesy

Hature, Sept. 30, 1920.
(10) H. C. Urey and Lotti J.'Greiff

J.A.C.S, 57, 321, (1935).
(11) E. W. Washburn and H., C. Urey

.



o 8-
(12) 4. J. Dempster Phys. Rev. 20, 631, (1922).
(13) H. V. A. Briscoe and P, L. Robinson
J. Chem. 8Socc. 127, 696, (1925).
(14) A. O, Nier and E, A, Gulbransen
J.A.C.8. 61, 697, (1939).
(15) F. W, Aston Phil. Mag. 40, 628, (1920).
Proc., koy. Soc. 4, 132, 490, (1931),
(16) M. G. Inghram Phys. Hev. 70, 653, (1946).
(17) P, W. Aston Mass Spectra and lsotopes
(London, kdward Arnold & Co., 1933).
(18) H. I. Schlesinger, H. C. Brown, D. L. Mayfield, J. R. Gilbreath.
J.4.C.8. 75, 213, (1953).
(19) Inorganic Synthesis Yol. 1, P. 24,
(20) I. Shepire, H. G. Weiss, ¥. Sehmich, Sol Skolnik, and G. B. L, Smith
J.A.C.8, T4, 901, (1952).
(21) P. Calvin Maybury and #. 5. Koski
J. Chem. Phys. 21, 742, (1953).


http:Shap1.ro



