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Abstract
The precipitation of silver from acid solutions by thioacetamide
at 60°C was investigated. Below pH 2 the reaction takes place pre-
dominantly by the hydrolysis of thioacetamide to form hydrogen sulfide.
Above pH 2 a direct reaction between the silver and thioacetamide has

a significant effect. The direct reaction rate equation was found to be

_ dlag(D]  _ k"[Ag(I)]
dt ¥.1/2 [CH3CSNHZ]3

[H]

At 60°C in a malonic acid - 0.1 VF sodium hydrogen malonate buffer
k' is 8.6 x 10”7 mole7/2 liter—”2 m:'mu.’ce“l°

The presence of chloride ion inhibits the rate of direct reaction
between lead and thiocacetamide. The reaction is first order with respect
to PbCl+ and about 50% slower than with Pb++ at 90°,

Thallous sulfide is precipitated by thioacetamide by both hydroly-
sis and direct reactions. The direct reaction is second order with re~
spect to thallium, first order with respect to thicacetamide and probably
invefse half order with respect to hydrogen ion.

The concentrations of barium, manganese and titanium have been
determined spectrographically in 94 stony meteorites. There appear to
be four barium concentration groups with median barium concentrations
of 5, 10, 25 aﬁd 150 ppm. For the falls the average concentrations of

manganese and titanium are 0.260 + 0.028% and 0.064 + 0.008%. For

the finds the manganese content is 0.235 + 0.023% and the titanium
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content is 0.059 + 0. 007%. The presence of grouping in chondrites has

been confirmed by X-ray fluorescence spectroscopic analysis.
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Part I. The precipitation of Silver from Acid Solutions
by Thiocacetamide

In previous investigations of the precipitation of metal sulfides
from acid solutions by thioacetamide, Swift énd Butler (1) found that
the precipitation can proceed by two mechanisms. In solutions with
hydrogen ion concentrations greater than about 10—3M¢ , the rate of
precipitation of lead sulfide was controlled by the hydrolysis of thio-
acetamide. However, the precipitation of lead sulfide at lower hydrogen
ion concentrations was governed by a direct reaction which was de~-
pendent upon the lead ion and upon the thiocacetamide concentration to
the first order, and on the hydrogen ion concentration to the inverse
half order. In the precipitation of arsenic(III) only evidence for the
hydrolysis controlled reaction was found (2). This investigation was
undertaken to observe the effect of substituting a unipositive element,
Ag+, on the reaction rate expressions, and to determine the optimum
conditions in which thioacetamide can be used to precipitate and

separate silver.

Experimental

Reagents:

Thicacetamide solutions, 1.0 VF (volume formal) were prepared
by weight from Arapahoe reagent (lot 1402). The white solid dissolved
tc; give clear, colorless solutions.

Reagent grade chemicals were used for all solutions.

A standard 0.1 VF silver nitrate solution was prepared by weight.



A 0,010 VF potassium thiocyanate solution was standardized
against the silver nitrate solution,

A sodium hydrogen malonate-malonic acid buffer was prepared
from sodium hydroxide solution and malonic acid. The buffer solution
was 1 VF in sodium hydrogen malonate.,

Sodium sulfate-sodium hydrogen sulfate buffer solutions were
prepared by adding sulfuric acid to one formula weight of sodium
sulfate and diluting the solution to one liter.

A1l,0 VF sulfuric acid solution was prepared from concentrated
acid and standardized against standard sodium hydroxide.

Apparatus:

The apparatus used for the rate measurements is shown in
Figure 1. The reaction tube consisted of a stoppered 38 x 200 mm.
lipless test tube. Leading into and reaching to the bottom of the
reaction tube was a sintered glass bubbling tube through which samples
were forced out. Air drawn in through the bubbling tube aided in mixing
the sample and bringing it to thermal equilibrium more rapidly at the
start of the reaction. A rubber bulb attached to a short tube passing
through the stopper was used to force samples out or‘pull air in,

The reaction tube was surrounded with a water bath which kept
the temperature of the reaction solution at 60 + 0, 5°C. The tempera-
ture was controlled by a heating and thermostating unit composed of a

bimetallic thermoregulator and a knife heater,
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Procedure:

The reaction solutions were prepared by mixing measured
volumes of stock solutions of thicacetamide, buffer and silver nitrate
and diluting to 100 ml. with distilled water. The reaction solution
was heated to 60°C, in the constant temperature bath,

At timed intervals approximately 10 ml. of solution were forced
through the sintered glass bubbler into a sample tube surrounded by
an ice bath which quenched the reaction,

The sample was left in the ice bath for 1 to 2 minutes then
centrifuged to remove any silver sulfide which passed through the
sintered glass. A 5.00 ml. portion of the sample was pipetted from
the centrifugate and transferred to a 15 x 125 mm. test tube which
contained 1.5 millimoles of sodium hydroxide; this precipitated the
silver quantitatively and rapidly. The precipitate of silver sulfide was
removed by centrifugation and washed with 2 ml. of hot water which
contained 0.1 millimole of sodium hydrogen sulfide.

The silver sulfide was then treated with 2 ml, of 6 VF nitric acid
and was heated until it all dissolved. The nitric acid solution was
transferred to a 150 ml. beaker, cooled, 1 ml, of 1/3 VF ferric nitrate
added, and the solution diluted to 13 ml. A microburet was used to
titrate the solution with 0,0l VF potassium thiocyanate.

The‘ pH values of the reaction solutions were determined by
preparing a simulated reaction solution without the silver nitrate,

heating to 60°C, and measuring the pH with a pH meter.



Data and Discussion

Qualitative experiments indicated that silver, like lead, was pre-
cipitated as sulfide by thicacetamide in acid solutions by both the hy-
drolysis and direct mechanisms., However, the direct mechanism
becomes predominant for silver at approximately pH 2 as compared
to 3.5 for lead. This is caused by the fact that under the same experi-
mental conditions the rate of the direct reaction of silver with thio-
acetamide is faster than that of lead. The measurements were made
at 60°C. and at pH's from 2.5 to 3.8 in order that the rate of silver

sulfide precipitation could be followed conveniently.

Hydrolysis Controlled Precipitation of Silver:

The rate of precipitation of silver was investigated at 60°C. in a
solution initially 0.01 VF in silver nitrate, 0.1 VF in thioacetamide,
and 0. IN in sulfuric acid. The plot in figure 2 shows that under these
conditions, the hydrolysis of thioacetamide is the mechanism predom-
inating in the precipitation of the silver,

If it is assumed that all of the hydrogen sulfide resulting from the
hydrolysis reacts rapidly with the silver(I), it is possible to calculate
from the rate measurements a value for the hydrolysis reactign rate

constant, k', in the reaction rate equation

d[CH ,CSNH,, ]

+
- = !
o 4 k'[H'][CH,CSNH,] +

k" [Ag(D)]
Z gt/

- 3
[CH,CSNH,]”,



Ba

if the effect of the direct reaction is subtracted from the overall rate.
The calculated value for k' is 0.020 + 0.002 liter mole™
minute—l. The value found by Swift and Butler (1) was 0.019 liter

-1 . -1
mole minute .,
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Precipitation by the Direct Reaction:

Sodium sulfate-sodium hydrogen sulfate buffers were used in ex-
periments at pH values of 2.47, 2.7, 3.45, and 3. 8. The results were
checked in a malonic acid-sodium hydrogen malonate buffer at a pH of
2.8.

At these hydrogen ion concentrations both the direct and hydrolysis
mechénisms are significant, The data were analyzed by the differential
method.

The reaction rate equation was assumed to be the sum of the di-

rect and hydrolysis mechanisms and have the form

alagn] _ kl[Ag(I)]n[CH3CSNH2]m
at

T + 2k' [H+][CH3CSNH2](1)
[H]
where k' is the second order hydrolysis rate constant, 0.019 liter
mole-1 minute-1 at 60°C., found by Swift and Butler. The experimental
rate data were plotted on rectangular coordinate paper, and the slopes
of the tangents to the resulting curves were determined at appropriate
points. The rate of the hydrolysis reaction was calculated and sub-
tracted from the ovérall rate to find the rate of the direct reaction at

each point desired.
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Effect of Silver Ion Concentration:

The rate of the direct reaction was taken at several silver con-
centrations on each concentration-time plot. Figure 3 is a plot of the
iogarithm ‘of the direct reaction rate against the logarithm of silver
concentration for two typical experiments.

It can be seen that the initial slope of the curves is one, in-
dicating that n = 1 in equation 1 above. After about half the silver(I)
has been precipitated the slope becomes greater, and in run No. 10
even reaches a value of two. For this reason, if the data are treated
by the integral method, the reaction appears‘ to be second order, while
in reality the initial rate of reaction is first order.

In order to determine the initial direct rate of reaction, the direct
rate of reaction calculated by subtracting the calculated hydrolysis re-
action rate from the total rate of reaction was plotted vs Ag (1) at
several Ag(I) concentrations for each experimental run. The straight
line through the points was extrapolated to the initial silver concentra-
tion and the initial direct reaction rate determined. This initial direct

reaction rate is used in all following calculations.



The Effect of Hydrogen Ion Concentration:

The effect of the hydrogen ion concentration was studied with
solutions in which the concentrations of thioacetamide and buffer were
essentially constant. Figure 4 is a plot of the logarithm of the hydrogen
ion concentration. The slope of the line is-0.52 which indicates that
the hydrogen ion concentration has a half order inhibition effect on the
direct rate of precipitation of silver sulfide. This is the same effect

that Swift and Butler observed in the precipitation of lead sulfide.



g -Bu
Q
-‘j
8
s -3,
1 3
°
m "3»
| ¥
Ee
SN =3,
'y
g 4.
—t
'k 4
0 - o
-
:1‘
o -4,
quowd
0
E i)
-4,
=
P g,
v
——
" -4,
[+]
el
-4,
-4
Figure 3.

.7

Run No. 10 pH = 3.78

1\|'a,ZSO4-NaI-{S€)4 buffer
6}

initial CI—I3CSNH2 =0.1VF
7 -
gL
gL
ol
ik

Run No. 96 pH = 2, 78
2} CHZ(COOH)Z-CHZ(COOH)
COONa buffer

3L initial CH3CSNH2 =0,13VF
4}
51
6L

1 1 1 ] ] 1 i
-0,7 -0.6 0.5 -0.4 -0.3 -0.2 -0,1 -0.0

log { [Ag(I)] molen/liter}

Effect of Silver (I) concentration on the direct rate of

silver sulfide precipitation.



TUCHIEINIIORU IPIFINS ISATIS JO 2JEJI ID5IIP 9] UO WOIILIJUIILOD UOT USHoAPAY JO IS

(. _x=31] 910w m+m.@ ) do

1

sandryg

1 o[ows

P

I



11

Calculated values of velocity constants for the expression

-d [Ag(l)] k, [Ag(l)]

dt - [H+] 1/2

are presented in Table I, and are constant within the limits of

experimental accuracy.

Table I. The effect of hydrogen ion concentration on the rate of
precipitation of silver sulfide

o -a[ Agl) k(@)
3
mole 1-1 min_l .‘mole_-l/2 11/Z rnin-1
2.47 7.5 x 107° 4.4 x 104
2.70 9.2 x 10°° 4.1x 1074
3,45 2.4 %1074 4.6x 104
3.78 2.7x 10" % 3.7x10° %
avg 4.2x10°%20.3 x 1074}
' % TAg(
-d[Ag(,I)] _2 )]
(a) Calculated from I = [H+] 172

The Effect of Thioacetamide Concentration:

Experiments made with constant initial concentrations of silver
nitrate and sodium sulfate-sodium hydrogen sulfate buffer, and different
initial concentrations of thiocacetamide, showed that the thioacetamide

- had an inhibiting effect on the reaction rate.
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The data on the thioacetamide effect in Table II are plotted in
Figure 5 as the logarithm of the initial direct reaction rate vs.
logarithm of thioacetamide concentration. At thioacetamide concen-
trations above 0,05 VF, the curve appears to be a straight line with
a slope of -2.7,. This indicates that the thioacetamide has a 2.7 order
inhibition effect, At concentrations below 0.05 VF thioacetamide the
slope of the line decreases indicating a decrease in the inhibition effect

of the thioacetamide,.

Table II, The Effect of Thioacetamide Concentration on the Direct
Reaction Rate

Initial Ag(I) 0.0l VF, pH 2,70, sodium sulfate-sodium hydrogen
sulfate buffer, 60°C.

CH,CSNH, _dAg/dt dAg/dt _dAg/dt
moles /liter total hydrolysis direct
moles liter—l minute—l
0. 02 2,24 x107> 1.4x10°° 2.24 x1073
0.04 9.33x107 2.8x10°° 9,30 x107%
0. 05 6.06 x 1074 3.6 x1070 6.1x 10°%
0.08 1.51 x 10”4 5.9 x107° 1.45 x 1074
0.10 1.09 x 1074 7.4 x107° 9.2 x107°
0. 15 4,29 x 107> 1.12 x 10°° 3,17 x 107>

The above results were checked using a malonic acid-sodium
hydrogen malonate buffer at pH 2.78. A similar curve was obtained
for the thioacetamide dependence. The data.are given in Table III and
shown in Figure 6. For this buffer system, the thioacetamide de-

pendence is inverse 3.1 order at 0,05 VF thioacetamide and above.
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Table III, The Effect of Thioacetamide Concentration on the Direct
Reaction Rate

Initial Ag(I) 0.0l VF, pH 2,78, malonic acid-sodium hydrogen

malonate buffer, 60°C.

CH,CSNH, _dAg/dt ~dAg/dt _dAg/dt
moles/liter total hydrolysis direct
moles liter_1 1rni1r1u.1:e"1
0.05 1.26 x 107> 3.1 x107° 1,26 x10°°>
0.08 3.51X10‘4 4.9 xlo'6 3,46x10‘4
0.10 2.36 x10°% 6.2 x107° 2.3 x10°%
0.13 1.30 x 1074 8.1 x10°° 1.22 x 1074
0.15 6.27x10’5 9.3 xw~6 5f.37x10'5
0.20 3,90 x 1072 1.25% 107> 2.65 x 10°°

Complex Formed with Silver and Thioacetamide:

The reaction of silver with thioacetamide is the only sulfide
precipitation reaction studied so far in which thioacetamide has an
inhibiting effect on the reaction rate. This could be caused by the
formation of a stable complex of silver with thioacetamide. The
following experiments were done in order to indicate the nature of

such a complex.

Effect of Acetamide:

Iﬁ order to estimate the effect of complexing silver by the --NH2
group, a solution was made up 0.2 VF in acetamide, 0.0l VF in silver
nitrate, and 0.1 VF in thioacetamide, at a pH of 2. 78 with a malonic

acid-sodium hydrogen malonate buffer., The direct rate of reaction
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-4 S T -1 -4
was 2,54 x 10  mole liter ~ minute comparedto 2.3 x 10 ~ mole
-1 -
liter = minute 1 for the same solution without acetamide. No significant

effect was noted.

Chloride Ion Effect:

A series of experiments was planned in order to observe what ef-
fect complexing the silver with chloride ion had upon the reaction rate.
However, When a solution 5 VF in sodium chloride, 0.005 VF in silver
nitrate, and 0.1 VF in thicacetamide was made up, an insoluble pre-
cipitate was formed. A semi-quantitative analysis indicated that this
precipitate was the complex Ag[SC(NHZ)CH3]4C1 described by Cox et
al. (3).

It is interesting to note that this complex is so stable that the so-
lution of sodium chloride and thioacetamide will convert freshly pre-
cipitated silver sulfide into the complex. If the complex is separated
from the precipitating solution and placed in distilled water, decompo~
sition takes place with the formation of silver sulfide.

In order to study the complex under conditions more nearly like
those in which the earlier experiments were run, solutions containing
varying amounts of thioacetamide and buffer were made up and mixed
with freshly pr ecipﬁtated silver sulfide. The mixtures were allowed to
stand overnight. Samples of the clear solutions above the silver sulfide
were taken and sodium hydroxide was added to each in order to pre-
cipitate the silver in solution bvy its reaction with the excess thio=~

acetamide. The solutions and results are listed in Table IV,
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Table IV. The Solubility of Silver Sulfide in Thioacetamide Selutions

.CH_CSNH Buffer Result of adding NaOH
3 2
pH=2.7

1.0 VF none very light brown color
0.4 VF 0.1 VF 504 light brown precipitate
0.8 VF 0.1 VF SO4 brown precipitate
none 0.1 VF 504 none

0.8 VF 0.1 VF HClO4£ very light brown color

The silver sulfide appears to be dissolved by the formation of a
complex of the silver with thicacetamide. This complex is stabilized by
anions present in the buffer. The experiment with perchloric acid shows
that ionic strength of effects alone cannot account for the differences in
solubility.

A selution initially 0,01 VF in silver nitrate, 0.8 VF in thioacet-
amide, with a sodium sulfate-sodium hydrogen sulfate buffer of pH 2.5
was made up at room temperature. Upon mixing, a slow precipitation
of silver sulfide took place, After ten days the solution was 0.006 VF
in sf.lveB(I), and no further precipitation of silver was noticeable. All
of the silver should have been precipitated by the hydrolysis reaction
alone by this time. Hydrogen sulfide could be swept out of the solution
by passing air through it. After forty days silver was still in solution
and the odor of hydrogen sulfide could easily be detected above it.

These obsérvations indicate that there is a stable complex formed

between silver and thioacetamide.
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Initial Direct Reaction Rate:

The initial direct reaction rate expression appears to be

- d[Aag(D] _ k" [Ag(D)]
dt [H+]1/2[CH3CSNHZ]3

at thioacetamide concentrations above 0.05 VF thiocacetamide. Values

for k' for the malonic acid buffer are given in Table V.

Table V. Effect of Thioacetamide Concentration on the Rate of Silver

at 60°C.

Initial Ag(I) 0.01 VF, pH 2.78 malonic acid-sodium hydrogen

malona-~te buffer.

CH CSNH, safagm] [E1Y% [cmcsnu]® | -
dt [Ag(D)]

mole 1_-1 mole3/2 1”3/Z min-l
0.08 7.2 x 10'7
0.10 | 9.4 x 10’7

-7
0.13 10.6 x 10
0.15 7.4 % 10'7

-7
0.20 8.6 x 10

-7
avg 8,6+ 1.0x10
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The observed inhibition of the reaction by thivacetamide may
be explained by assuming that the reacting species is Ag(CH3CSNH2)+,
that' the predominant form of silver in solution is Ag(CH3CSNH2)4+ s

and that the following reactions occur in solution:

+ +
Ag(CH3CSN 2) 4 Ag(CH3 SNH2)3 + CH

3FZSNH2 fast,

| + . +
Ag(CH3CSNH2)3 Ag(CH3CSNHZ)2 +CH,CSNH,  fast,

3

+ . +
Ag(CH 3CSNH 2) > Ag(CH ;CSNH 2) + CH,

CSNHZ fast,
Ag(CH3CSNH2)+ — —> Ag,S slow,

To a first approximation the concentration of the reacting species

would be
+
[Ag(CH3CSNHZ)+] = k[ag(CH,CSNH,), "1 _ k[Ag(D)]
3
[CH3CSNH2]3 [CH,CSNH, 17
Since
—dlag] const. [Ag(CH_ CSNH )+], then
dt | 3 2 _
- dfAg(D)] .  const. k Ag(l)

dt 3
C
(CH,CSNH,)
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The decrease in the thioacetamide inhibition effect at lower
thioacetamide concentrations occurs because there is not enough
+
thioacetamide present for Ag(CHBCSNHZ)4 to be the predominant

species.

Effect of Buffer Concentration:

VIn additioﬂ to the runs made with the malonic acid~sodium hydrogen
malonate and sodium sulfate-sodium hydrogen sulfate buffers, a run
was made with d‘oubl‘e the concentration of sodium sulfate-sodium hy-
drogen sulfate buffer. The conditions and results are shown in Table

VI.
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Table VI. The Effect of Buffer on the Direct Reaction Rate

dAg/dt

Buffer pH initial o (@)
malonic acid-0,IM NaHC,H,0, 2.78 2.3x10°% 9.4x107'
NaHSO,-0. 1M Na,S0, 2,70 9.6x107° 4,3x10° 7
NaHSO,-0.2M Na,SO, 2.70 6.4x10"° 2.9x1077
(a) Calculated from
afagm]  [aem]
T T [H+]1/2 [CH3CSNHZ] 3

It is apparent from this data that the type and concentration of

buffer used has a significant effect on the reaction rates.

Temperature Effect:

The rates of the direct reaction in solutions initially 0.02 VF in
silver nitrate and 0.10 VF in thioacetamide with the same buffer
solution were determined at 31, 45 and 61°C. Differences in the pH of
the buffer at the different temperatures were taken into account in
calculating the velocity constant k' for the reaction,

Values of the hydrolysis constant for thioacetamide were found by
extrapolating Swift and Butler's data to lower temperatures. In Table
VII are shown the results and calculations for these experiments.
Figure 7 is a plot of logarithm k' vs temperature_«l and shows an

~Arrhenius temperature dependence. The activation energy is calculated

from the slope to be 22.4 kcal. per mole,
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Overall Reaction:
Since the conditions in the reaction solutions are known only at
‘the beginning of each run, for the purpose of comparison, the rate
equation can best be expressed as an initial rate equation,
The initial rate equation appears to have the form
a[agm) w [Ag)]
B [57] 172 [ cH,csnm,]

=]l )
3 + 2k [I—I CH3CSNH2

where the best values for k' and k" are 1.9 x 10”2 liter mole "

minute—l and 8.6 x 10_7 rnolea/2 liter—3/2 minute-l, respectively.,
When comparing the rates of reaction of different metals with

thioacetamide it must be remembered that the data are unique for the

buffer conditions in which the individual determinations were made.

Analytical Considerations:

The results of this investigation point out more vividly than in any
previous experiments the fallacy in assuming that thioacetamide can
be used as a direct replacement for hydrogen sulfide. |

With solutions at 90°C. and 0.1 VF in thicacetamide, the rate of
the direct reaction of silver with thioacetamide is thirty times the rate
of the direct reaction of lead with thicacetamide, in spite of the in-
hibiting effect of the thioacetamide; with 0.05 VF thioacetamide solutions,
silver reacts 500 times faster than lead. This great difference in the |
rate of reaction could possibly be used in separations if no significant

coprecipitation occurs,
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The fast rate of direct reaction of silver with low concentrations
of fhioacetamide in acid solution should make the development of a
method similar to the potentiometric titration of the thiosulfate
complex of silver in alkaline solutions with thiocacetamide developed
by Bush et al. (4) possible under more varied conditions. The thio-
acetamide must be the reagent added in small quantities, for if silver
nitrate were added to a thioacetamide solution the reaction would not

be fast because of the stable complex formed.
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Part II. The Effect of Chloride Ion on the Direct Reaction Between
Lead and Thioacetamide

In an investigation of the reaction between lead and thioacetamide,
Swift and Butler (1) found that lead sulfide was precipitated from acid
solutions by two different reactions. In one the rate of precipitation
of lead followed the acid catalysed hydrolysis of thioacetamide., The
other was a direct reaction between the lead and thioacetamide., In
an investigation of the reaction of arsenic(IIl) with thioacetamide, the
same authors found no evidence for a direct reaction between the
arsenic(Ill) and thioacetamide. Arsenic(lIl) exists as an anionic species
under the conditions il'mvolvech Thivs investigation was undertaken to
determine the effect of changing the ionic species of the lead on the
rate of precipitation of lead sulfide by thioacetamide by the direct

mechanism.,

Experimental

Reagents:

A standard 0,015 VF (volume formal) potassium dichromate
solution was prepared by weight., A 0,1 VF sodium thiosulfate solution
was standardized against the standard potassium dichromate,

Thioacetamide solutions, 1.0 VF, were prepared from Arapahoe
reagent grade thioacetamide.

A lead nitrate solution, 0.5 VF, and a 1.0 VF sodium chloride
solution were prepared by weight.

Sodium formate-formic acid buffer solutions, 0.081 M. in sodium
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formate, were prepared from a 0,2 VF sodium hydroxide solution
and 90% formic acid.

A1.0 VF sodium perchlorate solution for the control of ionic
strength was made by neutralizing standard perchloric acid with sodium
hydroxide to a pH of 7, measured with a pH meter.

Reagent grade chemicals were used throughout the investigation,

Apparatus:
The reaction apparatus and sampling device were the same as

those used by Swift and Butler (1),

Procedure:

The reaction solutions were prepared by mixing measured volumes
of stock solutions of thiocacetamide, buffer, sodium perchlorate, lead
nitrate, and sodium chloride and diluting to 100 ml. with distilled water.
The reaction solution was placed in a constant temperature bath at
90 =+ 1°C.

After the reaction solution had thermally equilibrated, approxi-
mately 10 ml. of the solution were forced through the sintered glass
bubbler from the reaction tube into a sample tube at timed intervals.
The sample tube was surrounded by an ice bath which quenched the
reaction.

The sample was then centrifuged to remove any lead sulfide which
passed into the sample tube, A 5.00 ml. sample was pipetted from
the ‘centriflllgéte and transferred to a test tube which contained 1.5

millimoles of sodium hydroxide. The precipitated lead sulfide was
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removed by centrifugation and washed twice with two milliliter portions
of hot water which contained 0.1 millimole of sodium hydrogen sulfide.
The lead sulfide was dissolved in 0.5 ml, of hot 12 VF hydro-
chloric acid, which was then evaporated to dryness under a heat lamp.
The lead chloride was dissolved in hot acetic acid-sodium acetate
solution, and an excess of potassium dichromate was added to precipi-
tate lead chromate. This was removed by filtration and by washing
with a hot dilute solution of sodium acetate. The lead chromate was
dissolved in 15 ml. of 1 VF hydrochloric acid saturated with sodium
chloride. The dichromate was determined iodometrically; a microburet

was used for the titration with sodium thiosulfate,

Data and Discussion

Experimental runs were made at a pH of 4.0 to ensure that the
direct mechanism for the reaction between lead and thioacetamide was
the predominant one, The reaction solutions were initially 0.1 VF in
fhioacetamide, 0.0l VF in lead nitrate, and varied from 0 to 0.14 VF
in sodium chloride. The ionic strength was adjusted with sodium
perchlorate to 0,251 M. One experimental run was made which was
0.575 VF in sodium chloride, and was therefore of higher ionic strength.
These reactions were run at 90°C. to give a conveniently measurable
rate.

It was found that the presence of chloride ion decreased the rate of
precipitation of lead sulfide by the direct reaction between lead(II) and

thicacetamide in acid solution.
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Plots were made of the lead(Il) concentration vs time. From
these plots, values of -d[Pb(II):]/dt were determined at various lead(Il)
concentrations. Plots of -d [be(ll)] /dt vs lead(Il) are shown in Figure
8. All of the plots are linear indicating that the overall rate of reaction
is first order with respect to lead(II).

For use in the calculations which follow all of the lines have beeén
extended to the initial lead concentration, 0.0l VF. Values for the

constant k3 calculated from the equation
d[Pb(H)}
“T& - T K3 I:Pb(II)]
at the beginning of each reaction are given in Table VIII and plotted vs

chloride(l) in Figure 9.

Table VIII, The Effect of Chloride Ion on the Direct Reaction Between
Lead({Il) and Thioacetamide in Acid Solution

Initial CH CSNsz 0.1 VF, PbNO3= 0.01 VF, pH=4.0, u= 0,251 M,

3
C1 (1) d [Pb’(ll)] /dt initial K, (a)
VFE mole 1"l rnin_1 nminute“1
o 4.35x10"* 4.35x107°
0.02 3.72 x 1074 3,72 x 1072
0. 04 3,28 x 1074 3,28 x 10°2
0.10 2.67x10"% 2.67 x 1072
0.14 2.40 x 1074 2.40 x 1072
0.575(P 0.45 x 1074 0.45 x 10”2

(a) calculated from 'd[Pb(II)] /dt = k3 [Pb(‘II)].

{b) iomic stréngth greater than 0.251 M,
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Figure 8. Rate of reaction of Pb(II) with thioacetamide vs tital lead
concentration at various chloride concentrations.
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If it is assumed that the lead monochloride and higher complexes
of lead do not react at a significant rate with thicacetamide, then the
concentration of uncomplexed lead can be calculated from the equation

k3[Pb(11)] = 4,35 x 1072 [Pb++] .
By making use of the values obtained, we can calculate the equilibrium
constant for the reaction
pocl’ = Pt 117,
The results of these calculations are shown in Table IX, From

the values of the calculated equilibrium constants, it appears that this

Table IX, Calculated Equilibrium Constant for the Reaction
pbc1t = ot + €17, at 90°C.

c1(1) k, ) 1 x, )
VF minute mole liter
0.02 3,72 x 1072 0.109
0.04 3.33 x 1072 0.123
0.06 3.05 x 1072 0.134
0.08 2.84 x1072 0. 145
0.10 2.67x1072 0. 153
0.14 2.40 x 1072 0.167
Initial Pb(II) 0,01 VF, thioacetamide 0,10 VF pH 4,0
(2) From Figure 9.
(b) Calculated assuming 3 — = [l;b;ﬂ
| 4,35 x 10 .
from‘K = [&M o

1 [PbCl+]

assumption is false, and that the lead monochloride complex reacts

at a significant rate.
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Since the data indicate that the overall rate of reaction is first
order with respect to lead(II) and that the chloride complex of lead
reacts at a significant rate, the overall reaction rate equation can be

written

d [ Pb(II)]

UERNECH
X {PbCl +kc PbCl‘2 +oae

=k, [Pb(ﬂ)} =k, [Pb++] + ko

Both the lead monochloride reaction rate constant and the
dissociation constant of lead monochloride are unknown at 900C°
Values for these constants can be obtained by solving the equations

oot [ ]

[Pvet’]

Kl—

[Po{n)] x, = 4.35 x 1072 [eo**] 41, [Boci?]
[Pb(n)] - [Pb++] + [Pbcﬁ]
for two reaction runs. In Table X are the results of these calculations,

Table X, Determination of k, and K1 for the Equations

b
k, [Pb(ﬂ)] - 4,35 x 107 % [PbH'] +k, [PbC1+]
[Pb‘”'} [01"]
K, = 2
[Pb(:l ]
Cr{I) C141) k K
. . b 1
experiment 1 experiment 2 . -
minute
0.02 VF - 0.04 VF 1.84 x 10°% 10.053
0.02 VF 0.10 VF 1.61 x 1072 0. 060
0.02 VF . 0.14 VF 1.47 x 1072 0.064
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The drift in the values of kb and K1 is probably caused by the
formation of a significant amount of the next higher complex of lead,
PbC12° If we extrapolate the data back to the lowest chloride (I) con-
centration used in the calculations, C1(I) = 0,02 VF, as shown in
Figure 10, we obtain a value for k, of 1.96 x 10" minute ! and for K,
of 0,05 mole 1iter—1.

These values are only semiquantitative at best, for the effect of
the formate buffer on the rate of reaction is unknown. Swift and
Butler (1) found that if the concentration of formate buffer is doubled,
the rate of the reaction is about 50% less. This indicates the presence
of formate complexes of lead under these conditions.

The data indicate that the rate of reaction is first order with
respect to the ionic species Pb’ T, PbClT and PbHcoZ+ . The rate of
reaction of the PbC1+ with thioacetamide appears to be significant, but
less than that of Pb' ',

No:data have been obtained to describe the effect of hydrogen ion or
thioacetamide on the direct rate of reaction of PbCl"L with thioacetamide.
The relative rates of the reactions of lead and lead monochloride with
thioacetamide can therefore only be predicted to be about 2:1 at a pH of
4.0 and an initial thioacetamide concentration of 0.1 VF,

If the above method was applied to a system with no cation-buffer
complex, or if the buffer was also used as the complexing agent, the
equilibrium and reaction rate constants could be determined with
greatér validity not only for PbC1+, but for the higher complexes of lead

as well.
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Analytical Considerations

The data obtained in this investigation emphasize the importance
of taking into consideration all the species present in a solution when
planning sulfide precipitations with thioacetamide.

The comparisonsof direct reaction rates between thioacetamide
and different metal ions are valid only if the data are obtained in a non-

complexing media.
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Part III. The Precipitation of Thallous Sulfide by Thiocacetamide

An investigation of the mechanism of the precipitation of thallous
sulfide was undertaken in order to provide a check on the reaction rate
equation derived for silver. Thallium, like silver, can be kept in a
unipositive state, but unlike silver has very little tendency to form

complexes,

Experimental
Reagents:

Thioacetamide solutions, 1.0 VF were prepared by weight from
Arapahoe reagent (lot 1402).

A solution of 0.005 VF potassium permanganate was prepared and
standardized against sodium oxalate by the usual method.

A 0,08 VF thallous sulfate solution was prepared by weight.

A borate buffer solution was prepared by adding boric acid to 1 VF

sodium hydroxide. The pH at 60°C., was 8.9.

Apparatus:

The same apparatus was used as in Part I,

Procedure:

The reaction solutions were prepared by mixing measured volumes
df stock solutions of thicacetamide, buffer and thallous sulfate and
diluting to 100 ml, with distilled water. The reaction solution was kept
at 60°C, in the constant temperature bath.

At timed intervals approximately 10 ml. of solution were taken

from the reaction solution and treated in the same way that the silver
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solutions were in Part I.

The thallous sulfide was dissolved in 40 ml. of 1.2 VF hydro-
chloric écid, The solution was boiled, and evaporated down to 20 ml.
in order to expel the hydrogen sulfide formed. It was then again diluted
to 40 ml, with distilled water. Three grams of sodium fluoride were
added, and the solution was titrated with 0,005 VF potassium

permanganate to a faint pink color (5).

Data and Discussion

Qualitative investigations indicated that thallous sulfide could not
be precipitated by thicacetamide at pH's of less than 4. In order to
obtain rates of thallous sulfide precipitation that were conveniently
measurable, the reactions had to be run at a pH of about 9. The most
appropriate buffer to use in this range appeared to be a boric acid-
buffer.

In their investigation on the reactions of thioacetamide in alkaline
buffer systems, Peters and Swift (?)) showed that the rate of formation
of sulfide is greater in the presence of ammonia and carbonate buffer
systems than that predicted from previous measurements in sodium
hydroxide solutions. They showed that ammonia and carbonate
catalysed and bicarbonate inhibited the alkaline hydrolysis of thioaceta-
rrﬁde,

It seems that boric acid would have effects similar to those of the
carbonate and ammonia buffer systems., The prediction of the rate of
thioacetamide hydrolysis under the conditions used in these experiments

does not appear possible without extensive investigations.
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If both direct and hydrolysis mechanisms are significant for the
precipitation of thallous sulfide by thiocacetamide in these experiments,
the ‘reaction rate equation will have the fo:;m

-a[Tu)] /at = x, [TUD] ™ + hydrolysis .
We can determine the order of reaction, n, with respect to thallium
by the following procedure. From a rectangular coordinate plot of
thallium(I) vs time, determine the rate of reaction d [Tl(‘l)] /dt at
various thallium concentrations. If the reaction is first order with
reépect to thallium, a plot of d [Tl] /dt vs [Tl] will be a straight line.
If it is second order a plot of 4 [TIJ /dt vs‘ [Tl] 2 will give a straight
line. In Figure 1l both of these plots are shown for a typical experi-
mental run. It can be seen that the plot d [Tl:} /dt vs [Tl] 2 is a straight
1ine'indivcating that the reaction is second order with respect to thallium.

The intercept of d [Tl] /dt at zero thallium concentration gives the
contribution of the hydrolysis of thioacetamide to the overall reaction.
A line through the origin parallel to the original curve gives the rate
of the direct reaction at any thallium concentration. In Table XI are

' given the conditions and results of the experimental runs.

Effect of Thioacetamide Concentration:

The effect of the thioacetarnide concentration upon the rate of the
reactidn was investigated over a range of thioacetamide concentrations
from 0.1 to 0.3 VF. Rate constants calculated from the data are given
in Table XII. The rate of precipitation is dependent upon the thioaceta-

mide concentration to the first power,
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-a[11]/at mote 17! min! x 10°

_ ] 1 ] ] N ) 1 O
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N

Figure 1l. Effect of thallium {I) concentration on the rate of precipitation
of thallous sulfide.
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Table XI. Conditions and Results for the Precipitation of Thallous
Sulfide by Thioacetamide with a Boric Acid Buffer at 60°C.

CH,CSNH, HZBO3' in dT1/dt direct dTl/dt

buffer T1 0.0l VF hydrolysis

VF VF mole 1"1 rnin_1 mole 1-1 rnin—1

0.1 0.1 pH 8.9 5.0 x 1072 4x10°°

0.1 0.2 pH 8.9 2.5 x107° 4x107°

0.2 0.2 pH 8.9 4.8 x107° 6 x107°

0.3 0.2 pH 8.9 8.8 x107° 5 x107°

0.1 0.2 pH 8.4 1 x107° 2 x107°

Table XII, The Effect of Thioacetamide Concentration on Rate of
Thallous Sulfide Precipitation at 60°C.

Initial TI({I) 0.0l VF; pH 8.9

CH_CSNH d T1/dt K (@)

3 2 -1 , d 5, -1
VF mole 1 = min mole 17 minute
0.1 2.5 x 1072 2.5
0.2 4.8 x 107° 2.4
0.3 8.8 x10°° 2.9

{a) Calculated from a [Ty d’fl(lﬂ =k, [Tl]z [CH3CSNH2]

Effect of Hydrogen Ion Concentration:

The effect of hydrogen ion concentration was studied in only two
solutions of different hydrogen ion concentrations. The data, given in
Table XI, indicate that the hydrogen ion has an inhibiting effect on the
rate of reiaction. The effect from the two runs made was found to be

-0.65 order. The slow rate of reaction at the lower pH made the



40
determination of the initial rate of reaction difficult, so that the error
in the above value may be great. The inhibition order of hydrogen ion
in this reaction is probably 0.5 order as in all the reactions previously

investigated.

The direct reaction rate expression would then have the form

2
aTn [TID)] “[cH ,CSNH 2]
T =kg +1/2
H
The best value of k5 is about 8 x 10“5 rnole3/2 1 3/2 min. - under the

conditions used in these experiments.

Buffer Effect:

The data in Table XI indicate that there is a significant buffer ef-

fect. If the concentration of buffer is doubled, the direct reaction rate
of reaction is reduced by 50%.
Hydrolysis Reaction:

The data obtained in these experiments on the rate of thioacetamide
hydrolysis are not sufficiently accurate to permit an analysis of the

nature of hydrolysis to be made.

Analytical Considerations

This investigation shows that in alkaline solutions, as in acid

solutions, the direct reaction between a metal ion and thicacetamide
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contributes significantly to the rate of sulfide precipitation. If the
correlation between the increase in solubility of a sulfide and the
decrease in thioacetamide velocity constant proposred by Bowersox and
Swift (7) holds, it appears that the effect of the alkaline hydrolysis of
thioacetamide would be insignificant compared to the direct reaction
for such very insoluble sulfides as those of silver, lead and cadmium.
The direct reaction makes the precipitation of thallous sulfide feasible
under conditions where the alkaline hydrolysis precipitation alone

would take a prohibitive length of time,
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Part IV. The Spectrographic Determination of Barium, Manganese and
Titanium in Stony Meteorites

Recently attempts have been made to compile accurate data on the
chemical composition of chondrites and other stony meteorites. From
a cdllection of 286 chondrite analyses, Urey and Craig (8) were able
to classify only 94 ;)f them as superior analyses, ’Even in these
superior analyses the concentrations of potassium, titanium, chrémium,
manganese, cobalt, nickel, and other elements of low concentration vary
considerably and it is doubtful whether these values have high precision
at all. Because of the great interest in the abundances of the elements,
and the problem of the degree of uniformity of the composition of the
universe, it is highly desirable that more accurate determinations of
the elemental abundances in the solar system be secured. The
desirability of determining the concentration of a minor element by the
same method in the same laboratory for many meteorites is obvious if
any rational comparison is to be made between the values obtained.

The three elements, barium, manganese, and titanium which have
been determined in thisystudy were selected both for their geochemical
interest and the ease of determining their concentrations under identical
conditions with an arc spectrograph.

Barium:

Most cosmic abundance values for barium are based on the
determinations made by von Engelhardt in 1936 (9). Recently, Pinson,
Ahrens and Franck (10) have determined the barium contents of 23 stony
meteorites by spectrochemical methods, and Hamaguchi, Reed and

Turkevich (11) have used neutron activation to determine the barium
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content of five stony meteorites, Their values are given in Table XIII

along with the values from this paper for comparison.

Table XIII, Barium in stony meteorites as determined by von
Engelhardt, Pinson, Ahrens and Franck, and
Hamaguchi, Reed and Turkevich.

Meteorite Barium (ppm)

von E, Pinson Hamaguchi this paper

Chondrites
L'Aigle 3-10 - - -
Knyahinya 1-3
Holbrook 3-10 9 4.0 26%
Erxleben 1-3 - - -
Chantonnay 1-3
Barbotan 1-3
Avilez Z

Bjurbole <1

Pultusk -

Homestead -

Rancome -

Hayes Center --

Waconda -

Assun -

Forest City --

Hessle -

Kernouve -

Barratta -~

Mocs -

Tennasilon -

Monroe -

Long Island -

Beaver Creek -

Lumpkin --

Cangas de Onis -

Estacado -

Warrentown -

Modoc -

Richardton -

Nuevo Liarado -
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Table XIII Continued

Meteorite Barium (ppm)
von E, Pinson Hamaguchi this paper

Eucrites

Stannern 48 - - -

Juvinas 10-30 - - -
Chladnites

Johnstown - 5 -— 2.5
Chabonaceous
Chondrites
- Orgueil -- <1 - -

Goldschmidt used von Englehardt's average (7 ppm) for all
meteorites {(eucrites and chondrites) as the cosmic abundance for
barium. Abundance values given by Rankama and Sahama (12) and
Brown (13) were based on Goldschmidt's value. Urey (14) omitted the
eucrite values from the average and recalculated it to be 3 ppm. Pinson
et al. in an attempt to show a high degree of uniformity in chondrites,
discarded the high barium values they found for Hayes Center and
Long Island and calculated an average concentration of barium in
chondrites of 8 ppm. The concentrations found for barium by
Hamaguchi et al. were about one half those found by Pinson. In the
last two papers at least one meteorite of unusually high barium content
was reported.

Manganese and Titanium:

Manganese and titanium are the most abundant of the trace elements
found irn stony meteorites. They have been determined many times in
wet chemical analyses of meteorites, but seldom with any degree of

accuracy. Average values for their abundances are usually taken from
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the work of Goldschmidt (15). Table XIV gives the average concentra-
tions of manganese and titanium in chondrites selected by previous

workers.

Table XIV, The abundance of manganese and titanium in chondrites
selected by previous workers.

Goldschmidt (15) Brown (3) Urey(14) Suess & Urey (13)

Titanium % - 0.141 0,078 0.0735 0.0735
Manganese % 0,227 0.265 0.238 0.238

Recently Wahl and Wiik have determined the manganese and
titanium contents of several chondrites by wet chemical methods.
Their determinations and those obtained in this paper are given in

Table XV.

Table XV, Manganese and titanium contents of chondrites as found by
Wahl and Wiik (16)(17) and by Wiik (18).

Meteorite Mn % Ti % reference This paper
Mn % Ti %
Dhurmsala 0.28 -- (16) 0.30 0.117
Felix 0,16 -- (16) 0.16 0.073
Knyahinya 0.19 - (16) 0.27 0.066
McKinney 0.25 0.084 (17) 0.26 0,068
St. Michel 0.32 0.012 (18) 0.32 0.075

Analytical Technique

Sample Preparation:
Samples of meteorites ranging from 3 to 50 grams in weight, were

crushed in a diamond mortar until they passed through 80 mesh bolting
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cloth, Any metallic particles that could not be finely crushed were
added as they were to the sieved portion, Care was taken to exclude
oxide crust from the samples wherever possible. Fifty milligram
portions were split from the larger samples and mixed with 200 milli-
grams of spectrographically pure carbon. All splitting of samples was
done with a high purity aluminum microsplitter. A sample of quartz
crushed under the same conditions as the meteorites showed no
evidence of barium, manganese or titanium contamination.

Standard Preparation:

All compounds used in this work were "Specpure' grade obtained
from Johnson Matthey and Co. Ltd.

A standard base approximating the composition of stony meteorites
was prepared by mixing magnesium oxide, ferric oxide and silica in
the proportions 1:1,5:1. 6 by weight. Barium carbonate, titanium dioxide
and Mn304 were added to the base to give a primary standard. Con-
centration steps of 10, 000, 4, 640, 2,154, and so on down to 1 ppm were
prepared by diluting the primary standard with the base.
Spectrographic Methods:

The standards and samples were exposed using the following
equipment and methods:

Spectrograph: Jarrel-Ash 3.4 m grating instrument, Wadsworth
mount, dispersion 5.2A/mm in the first order.

Excitation: 13 ampere D.C. arc (short circuit) from a Jarrel-
Ash Unisource. Sample as anode. Analytical gap,
4mm magnified 5X and focused on the slit. Central

2mm used with a slit width of 10 microns; 20 mg
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samples were burned to completion (100-400
seconds). Total energy method with no internal
standardization.

Electrodes: High purity 1/4 inch graphite rods as anode. Shape
of anode described by Myers (1951). Pointed 1/8
inch cathode.

Wave-length

Range: 2300-4800 A in the first order,
Plates: Eastman Kodak III-0,
Processing: 4 minutes in DK-50 developer at ZOOC, 20 second

short stop, 10 minute in acid fix, 20 minute wash,
Plate Calibration: Selected iron lines after method of Dieke and
Crosswhite (1943). Each plate is calibrated.

Densitometer: Jarrel-Ash model No. 2100,

Precision:

The concentrations of barium, manganese and titanium in the stony
meteorites were within the sensitivity limits for these elements under
the conditions used. Each sample was exposed at least twice; the
average was regarded as one analysis,

The analytical lines used were barium 4554, Ofﬁ, manganese
2949.2A, and titanium 3261, 6A.

The percent standard deviation from the mean, including both
analytical and sampling errors, is estimated to be 12% for titanium,

7% for manganese, and 20% for barium. The major source of error

for the barium is in the sampling, and will be discussed later in the

paper.
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Results and Correlations

The concentrations of barium, manganese and titanium in 94 stony

meteorites are shown in Table XVI,

Table XVI. Barium Manganese and Titanium Contents of Stony

Meteorites
Meteorite Barium = Manganese % Titanium %
Ppme.
FALLS
Alexandrovsky 10 0.284 0,063
Alfianello 3 0,280 0,060
Allegan 4 0.222 0. 055
Beardsley 5 0.270 0.078
Bjurbole 5 0.224 0. 055
Chateau Renard 6 0.256 0.061
Colby, Wisconsin 4.5 0.201 0,046
Dhurmsala 6 0.298 0.117
Elenovka 5 0,312 0.076
Forest City 4 0,225 0, 066
Holbrook 26% 0.248 0.066
Ichkala 4 0,224 0.050
Kesen 4 0,244 0.072
Knyahinya 5 0.268 0.066
Krasnoi-Ugol 5 0.270 0,074
Kuleschovka 3.5 0.275 0.081
Kunashak 4 0.275 0.059
Marion 3 0.250 0.056
Maziba 4 0.315 0,071
Mocs 6 0.270 - 0.072
Modoc 9 0.270 0,067
Mordvinovka 6,5 0.258 0,060
Mount Browne 4 0.260 0,058
Nanjemoy 13 0.229 0.065
New Concord 4 0,257 0.064
Nikolskoie 2 0.238 0.058
Ochansk (1) 5 0.278 0,068
Ochansk (2) 4 0,246 0.053
Olivenza 6 0.295 0.074
Olmedilla de Alarcon 5 0,231 0.062
Pantar 5 0.233 0,057
Parmallee 3.5 0.310 0.073
Pervomaisky 5 0.263 0.071
Pultusk 3 0,225 0.051

)

* Erratic results from different samples, mean of 8 samples.,
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Meteorite Barium Manganese % Titanium %
pPpm.

Richardton 4 0.265 0.062
Saint Michel 4 0.322 0.075
Saratov 22 0.244 0.068
Sautschenskoje 4 0.294 0.068
Stavropol 2,5 0.255 0.076
Tane 5 0.268 0, 064
Uberaba 4 0.245 0. 059
Weston 6 -0,245 0.060
Yatoor 6 0.250 0.058
Zhovtnevyi 6 0.298 0.071

FINDS CHONDRITES
Acme 120 0.204 0.058
Alamagordo 26 0,240 0.059
Arriba 53 0.248 0.073
Aurora 20 0,215 0. 050
Beenham 34 0.242 0.051
Berdyansk 7 0.231 0.068
Brisco County 150 0.268 0.060
Cavour 4 0.228 0.054
Chuvashskie-Kissy 5 0.199 0.050
Colby, Kansas 170 0.225 0.055
Coldwater 10 0.222 0.056
Coolidge 32 0.130 0.095
Covert 115 0,215 0,061
DeNova 115 0.256 0. 065
Farley 290 0.170 0,042
Fayette County(Bluff) 3 0.255 0,061
Gladstone 17 0.266 0. 066
Goodland 10 0.250 0.063
Harrisonville 7 0.243 0.061
Hayes Center 30 0.290 0.075
Hugoton 200 0.200 0. 048
Kansas City 4 0.183 0,076
Kelly 165 0.245 0.049
Kingfisher 5 0.266 0,064
Ladder Creek 94 0.247 0,063
Lal.ande 210 0.225 0.052
Long Island 190 0.248 0. 055
Marsland 3. 0.218 0.053
McKinney 6 0.257 0.068
Melrose 155 0.221 0.057
Morland 5 0.258 0. 055
Ness County (1894) 20 0,215 0. 056
Orlovka 18 0,240 0. 059
Otis 7 0.249 0,066



50

Table XVI Continued

Meteorite Barium Manganese % Titanium %
ppm.
Petropavlovka 4 0.231 0. 064
Plainview 10 0.211 0.058
Potter 155 0.263 0.051
Ransom 28 0.233 0.068
Roy 72 0,243 0.054
Rush Creek 5 0.240 0,052
Seibert 125 0.255 0.067
Texline 13 0,245 0.061
Tryon 190 0,230 0.059
Tulia 120 0,231 0.060
Wilmot 82 0.173 0.051

CARBONACEOUS CHONDRITES

Felix 4 0.160 0.073
Murray County 4 0.257 0. 054
ACHONDRITES
Cumberland Falls 14 0.245 0.040
Johnstown 2,5 0.352 0.081
Norton County 2 0,115 0.030
Shalka 4 0.459 0,036
Shaw 26 0,248 0,059
Barium:

A survey of the barium contents of the chondrites indicated that
many of them were high. Most of the high barium chondrites were
finds; i.e., they were not seen to fall, In analysing the data, it was
found to be of value to consider the meteorite which were seen to fall
separé.tely from those which were found and are of uncertain
terrestrial age.

In Figure 12 a histogram shows the frequency of occurrence vs
the logarithm of ihe barium concentration for 44 observed chondrite

falls. The distribution appears to be log-normal in shape. The median
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is 4.5 ppm and the mode is 4 ppm,

Shown in Figure 13 is a histogram with the frequency of occurrence
\.rs the logarithm of the barium concentration for 44 chondrite finds.

The distribution appears to be tetramodal, with peaks at 5, 10, 25, and
150 ppm barium, and is therefore quite different than that for falls.

This appearance of grouping is not unique for barium. I.overing
et al (19) have shown that iron meteorites can be divided into four
groups on the basis of their gallium and germanium contents. Yavnell
(20) has grouped iron meteorites into six subclasses, stony-iron
meteorites into three subclasses, and chondrites into four subclasses
on the basis of differences in their major chemical composition.

If we compare the histograms of the falls and finds, it appears
that several of the falls can be placed in one of the higher barium
groups indicated by the find data.

Analysis of the Holbrook Chondrite:

The Holbrook chondrite fall consisted of many individual stones
ranging in size from a 6.6 kg mass to minute grains. The specimen
used in this study consisted of pea sized fragments and complete stones.
The barium contents of eight different samples varied greatly. A
description of the samples and their barium, manganese, and titanium
contents are given in Table XVII.

The manganese and titanium seem to be distributed fairly uniformly
throughout the meteorite. The localized concentration of barium
suggests that it is concentrated in a mineral phase that is not uniformly

distributed in the meteorite. Geochemically, barium is concentrated in
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Table XVII., Concentrations of Barium, Manganese and Titanium in
the Holbrook Chondrite

Sample Ba ppm Mn % Ti %
A. several pea sized 28 0.258 0, 068
fragments 5 g,
B. single fragment 1 g. 9 0.255 0. 066
C. mainly black fusion 8 0,265 0.057
crust 1 g.
D. single complete stone 1 g, 74 0.258 0.068
E. fine dust from complete 29 0.246 0. 061
sample 2 g.
F, non-magnetic phase 0.5 g. 24 0.251 0.070
G. black crust 0.5 g, 110 0,243 0. 076
H. small chips from all 27 0,228 0. 062
fragments 3 g.
median 26 avg 0,248 0. 066
+0,018 +0, 008

relatively few mineral phases. In igneous rocks it is usually trapped
by potassium minerals., No feldspars were reported by Foote in his
preliminary petrographic analysis of the meteorite, but a glassy phase
was reported to be present (21). This glass could, and in several other
meteorites does, have a feldspathic composition., If barium is present
in the silicate phase, it will most likely be found in this glass, It is
also possible that the barium is present in one of the minor meteoric
minerals such as oldhamite (CaS). The latter choice seems more likely
to explain a localized distribution of barium since its distribution would
tend to be more erraf‘ic than that of the glassy phase.

The rationalization for dividing stony meteorites into groups on the

basis of their trace element concentrations is more difficult than for
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grouping iron meteorites. If meteorites are even partially the products
of a magmatic type differentiation, the barium content could be changed
appreciébly by the appearance of even a small amount of a new mineral
phase. For this reason it is important to try and locate the host
mineral for barium in the chondrites.

It is also important to remember that in the case of meteorites
that have been on the ground for an undetermined length of time before
they were found, weathering and other alteration processes could have
taken place to a greater or lesser extent. A too rigorous analysis of
these meteorites on the basis of their trace element contents should not
be attempted due to this unknown parameter,

Several factors indicate that the high barium concentrations are
original and not the products of contamination. Two of the meteorites
that were picked up immediately after they fell have barium concentra-
tions greater than 20 ppm., The contamination of the chondrites to
give barium contents greater than 150 ppm seems unlikely to have been
caused naturally on such a widespread scale. Experiments described
later in the paper indicate that some of the barium is present in acid
insoluble silicates.

In order to obtain some idea concerning the form in which barium
occurs in the chondrites, samples of Beenham, Kansas City and Wilmot
were boiled for about three minutes in 10 ml of 0.1 VF nitric acid.
Comparison of the barium contents in the unleached and leached

meteorites are shown in Table XVIII,
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Table VIII. The Effect of Boiling Chondrite Samples in 0.1 VF
Nitric Acid :

Meteorite Barium ppm

Unleached sample Leached sample
Beenham 34 19
Kansas City 4 4
Wilmot 82 90

The data indicate that in the Beenham chondrite barium is present
in an easily dissolved phase. Under the conditions used, the con-
centration leached out exceeds the solubility of silicate-bound barium
or barium sulfate,

A qualitative analysis of the solvent gave the following results.

Table XIX. Qualitative Analysis of Nitric Acid Leach Solution

Meteorite Ca Cr  Ba Mn Ni Ti Mg

Beenham high low high  high high no high
Kansas City  high low+ low high med. no high

Wilmot low low low low low no low

Undissolved residues of chondrites that had been treated with hot
1 VF HCI in the process of an analysis scheme for sulfur were quali-
tatively checked for barium in the arc spectrograph. The results are
shown in Table XX. Even under these conditions some of the barium
was not dissolved. This indicates that it is probably tied up in a

silicate mineral that is not readily attacked bjr the acid.
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Table XX. Barium Contents of Residues Left from Strong Acid
Leaching of Chondrites

Meteorite Barium ppm

Unleached meteorite Leached meteorite

Beenham 34 6
Coolidge 32 20
Covert : 115 60
De Nova ) 115 60
Hayes Center 30 30
Ladder Creek 94 40
Lal.anded 210 60
Long Island 190 50
Melrose 155 20
Ness County (1894) 20 10
Plainview 10 10
Roy 72 20
Tulia 120 30
Wilmot 82 20

If oldhamite is the host mineral for a significant portion of the
barium found in chondrites, there might be a positive correlation
between barium and sulfur content. Table XXI gives the stony meteor-
ites for which both barium and sulfur determinations are available. The
sulfur concentrations are taken from unpublished data of Pollack and
Brown (22), and the compilation of meteorite analyses by Urey and
Ci'aig (8).

Figure 14 is a plot of sulfur content vs the logarithm of the barium
content for the meteorites listed in Table XXI. At first there does not
appear to‘ be a general correlation between barium and sulfur. However,
if only the falls are considered, a positive correlation is apparent.
Further investigation reveals three additional possible groupings show-
ing the same barium sulfur trends as that observed for the falls. The

four groups are shown on the figure,
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Table XXI., Barium and Sulfur Contents of Stony Meteorites
Meteorite Bappm S % Reference

Falls
Allegan 4 1.84 Urey and Craig
Beardsley 5 1.90 Pollack and Brown
Bjurbole 5 1.99 Urey and Craig
Forest City 4 1.54 Pollack and Brown
Knyahinya 5 2,11 Urey and Craig
Mocs 6 2,13 Pollack and Brown
Modoc 9 2.39 Pollack and Brown
Mount Browne 4 2,02 Urey and Craig
Olivinza 6 2.19 Urey and Craig
Olmedilla de Alarcon 5 1.69 Urey and Craig
Pantar 5 1.92 Pollack and Brown
Richardton 4 1,74 Pollack and Brown
Saint Michel 4 2,22 Urey and Craig
Saratov 22 2.30 Urey and Craig

Finds
Acme 120 0.44 Pollack and Brown
Aurora 20 1.54 Pollack and Brown
Beenham 34 2.30 Pollack and Brown
Brisco County 150 2,29 Pollack and Brown
Colby, Kansas 170 0.88 Pollack and Brown
Coolidge 32 0.48 Pollack and Brown
Covert 115 0.57 Pollack and Brown
DeNova 115 2,24 Pollack and Brown
Farley 290 0.38 Pollack and Brown
Fayette County 3 2,25 Pollack and Brown
Gilgoin Station 13 1.45 Pollack and Brown
Goodland 10 2,09 Pollack and Brown
Harrisonville 7 1.36 Pollack and Brown
Hayes Center 30 1.99 Pollack and Brown
Hugoton 200 0.65 Pollack and Brown
Kansas City 4 0.88 Pollack and Brown
Kelly 165 0.67 Pollack and Brown
Kingfisher 5 1.61 Pollack and Brown
Ladder Creek 94 1.67 Pollack and Brown
Lalande 210 0.71 Pollack and Brown
Long Island 190 1.47 Pollack and Brown
Marsland 3 1.45 Pollack and Brown
McKinney -6 2,36 Urey and Craig
Melrose 155 1.60 Pollack and Brown
Ness County (1894) 20 1.68 Pollack and Brown
Otis 7 0.80 Pollack and Brown
Plainview 10 1.49 Pollack and Brown
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Table XXI Continued

Meteorite Ba ppm S % Reference
Roy 72 1,03 Pollack and Brown
Rush Creek 5 2,25 Pollack and Brown
Texline 13 1.58 Pollack and Brown
Tryon 190 0.76 Pollack and Brown
Tulia 120 0.26 Pollack and Brown
Wilmot 82 0.05 Pollack and Brown

Carbonaceous Chondrites
Felix 4 2,01 Pollack and Brown
Murray County 4 0.39 Pollack and Brown

Achondrites
Johnstown 2.5 0. 35 Pollack and Brown

Norton County 2 0.48 Pollack and Brown
Shalka 4 0.14 Urey and Craig
Shaw 26 1.27 Pollack and Brown
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The extrapolation of the trend in each group to zero sulfur con-
centration indicates that the barium content of the silicate phase is
diffefent for each. This was also indicated in the leaching experiments
described earlier.

It appears that the barium is distributed between the silicate and
alkaline earth sulfide phases of a chondrite. The presence of oldhamite
in a chondrite does not necessarily mean that it will have a high barium
content, for the Allegan chondrite has been reported to have a
relatively high oldhamite content but it is low in barium,

Manganese and Titanium:

Figure 15 is a plot of manganese vs titanium for the stony
meteorites listed in Table XVI. A direct correlation is apparent. The
best straight line through the origin and the plotted concenfcration values
has the form Ti = 0.249 Mn, Three meteorites, Dhurmsala, Coolidge
and Kansas City have been excluded from the calculation because of
their large divergence from the direct correlation. The manganese
and titanium values for carbonaceous chondrites and achondrites are
‘also shown in the figure.

The manganese and titanium contents of both falls and finds appear.
to have normal distributions. For the falls the average concentrations
are manganese 0,260 + 0,028%, and titanium 0.064 + 0.008%. The
average concentrations in the finds are manganese 0,235 # 0,023% and
titanium 0,059 % 0, 007%.

The ratibs of titanium to manganese in the falls and finds are 0,246

and 0,251 respectively. The reason for the difference in absolute
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concentrations and the similarity in ratios appears to be related to
the physical properties of the meteorite. The finds contain more
iron—nfckel and sulfide phase than the falls. Since both manganese
and titanium always occur predominantly in the silicate phase and
their ratio is constant, their concentrations decrease when the amount
of silicate phase is smaller, The greater metal content of the falls
was very noticeable when the meteorite samples were crushed.

Falls vs Finds:

It has already been noted that the finds generally contain more
metal than the falls, The finds are usually hard dense meteorites
while the falls are in several cases so friable that they can be crumbled
between the fingers,

It is suggested that finds are a biased sample for stony meteorites,
since the more fﬁable meteorites can easily be weathered away. A
good example of the rapid rate at which this can take place is given by
Wahl and Wiik in their paper on the Varpaisjarvi chondrite (1%7).

To determine the average composition of an element in stony
meteorites, a random sample must be used; only meteorites which
have been seen to fall provide this random sami)le.

If we take the ave.rage concentrations of manganese and titanium in
falls only, adjustments must be made for both in the data of Suess and
Urey (23). The values deter‘mined here are 0,260 % 0,028% of
manganese and 0, 064 + 0.008% titanium. The average barium concen-

tration in chondrite falls is 5.8 + 5.2 ppm.
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Part V. The Determination of Manganese, Chromium, Iron,Nickel
and Cobalt in Chondrites by X-ray Fluorescence Spectroscopy

There are indications that chondrites, like iron meteorites can be
divided into groups on the basis of their chemical composition. In
order to investigate the possibility of such groups, a large number of
reliable chemical analyses are needed. A rapid method is desired that
offers reasonable reliability without involving the time or expense of
complete chemical analysis. In an effort to meet this need, the
possibilities of using X-ray fluorescence spectroscopy have been in-
vestigated.

X-ray fluorescence spectroscopic methods have recently been
developed for the major element analysis of rock samples. This
method would be particularly attractive for the analysis of stony
meteorites because it is non-destructive and would not require the loss
of valuable meteorite specimens.

Instrumentation:

A Norelco X-ray spectrograph was used with the tungsten target
X-ray tube operated at 40 KVP and 25 ma. A lithium fluoride crystal
in an air path was used in conjunction with a 0,020" x 3" parallel plate
collimator. The detector was an argon-methane filled flow proportional
counter,

Samples were placed in Zytel boat holders.

Analytical Techniques: ‘

The analytical lines chosen (Table XXII) are such that they can be
resolved from nearby intérferences. The peaks were located by count-

ing over the required angle positions and the same peak position was
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Table XXII. Analytical Lines for X-ray Fourescence Spectroscopy

Element Peak Used
Cobalt Ka2°
Iron Kp 2°
Nickel Ko 2°
Chromium Ka
Manganese Ka

used for all analyses. Counting rates were determined for each peak
and its background with a minimum of 5, 000 counts being taken for the
peaks. Background counts were taken about 1, 5° 2 0 on both sides of

each peak; 2000 total counts were sufficient,

Preparation of Samples and Standards

The same samples were used as for the emission spectrographic
technique described in Part IV. These crushed, untreated samples
were placed directly in the Zytel holders. Magnetic and non-magnetic
splits of the crushed meteorite samples were obtained by removing
magnetic material manually with a permanent alnico magnet. Slabs of
Whole meteorites were cut to the proper size to fit the sample holders
with a diamond saw. Several meteorites were converted to an oxide
form by treating them with aqua-regia. The aqua-regia dissolves both
the troilite (FeS) and iron-nickel phases, and probably a good part of
the basic silicate minerals such as olivine. The resulting solutions
weré evaporated and heated to 500°C in a muffle furnace. The residues
were removed as completely as possible with a spatula and ground in
an agate mortar. Standards were used that were already available in

this laboratory. They were prepared by mixing aliquot portions of
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solutions of iron, nickel, cobalt, manganese and chromium, evapor-
ating the resulting solutions to dryness and igniting the residues to
oxides,

A check standard was made by mechanically mixing oxides of
silicon, magnesium, iron, manganese, nickel, cobalt, and chromium
in the proportions of an average chondrite.

The standards made up for the emission spectrographic study of
chondrites were also run in the X-ray fluorescence spectrograph,

Data on the composition and counting rates for the standards are
given in Table XXIII. In Figure 16 the concentration ratios vs peak

intensity ratios are plotted for Mn/Fe,

Data and Correlations:

Figure 17 shows the X-ray fluorescence Mn/Fe intensity ratios
for five chondrites plotted against the Mn/Fe concentration ratios. The
manganese concentrations were taken from the emission spectrographic
data given in Part IV, and the iron concentrations were determined in
the same samples used in this investigation by wet chemical analysis
(24). It is apparent that the plotted points neither fall on the standard
curve nor indicate a revised standard curve,

These same samples were then treated with aqua-regia, evaporated
to dryness and ignited at 500°C. This treatment oxidized both the iron-
nickel and troilite phases. Part of the basic minerals such as olivine
would probably also be decomposed and converted to oxide form., The
X-ray fluorescence intensity ratios obtained are plotted vs the con-

' centration ratios along with the untreated chondrite ratios in Figure 17.
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The points plotted for the treated samples fall on the oxide standard
curve,

In order to investigate possible interelement effects, ferric oxide,
iron metal, nickel metal, and chromic sesquioxide were mixed with
separate untreated splits of the Forest City chondrite. The elements
were added in concentrations that would approximately double their
concentration in the natural meteorite. The mixtures, peak inten-
sities and peak intensity ratios are shown in Table XXIV.

From the data in Tables XXIII and XXIV it is apparent that only
iron causes a significant interelement effect when its concentration is
doubled. This effect appears to be greater when iron is added as
ferric oxide rather than iron metal. In Table XXV are given the peak
intensities and intensity ratios for seven chondrites in both the un~
treated and oxidized states., The interelement effect from adding ferric
oxide is small compared to the intensity ratio changes caused by
oxidizing the sample, The greatest changes took place in the Co/Fe,
Ni/Fe, Co/Mn, and Ni/Mn intensity ratios. In all cases the ratio in-
creased when the sample was oxidized. This is caused mainly by a
large peak intensity increase for nickel and cobalt. Iron also shows a
peak intensity increase but to a lesser extent,

The data indicate: that the differences in the intensity ratios given
in Table XXV and shown in Figure 17 are primarily due not to differences
in the chemical composition, but rather to physical inhomogeneities in
the chondrites. Although the chondrites are macroscopically homo-

geneous, atomistically they are not. Cobalt and nickel are always found
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in the iron phase of the meteorites. They are therefore always bound
together with iron in the untreated meteorites and have inter-atomic
influences upon each other that are not present to such a great extent
when they are evenly distributed in the sample as in the artificial
standards or oxidized samples,

Standard concentration-peak intensity ratio curves, similar to
the curve in figure 16, have been constructed for chromium, nickel
and cobalt., From these curves, concentrations of manganese, cobalt,
chromium, and nickel in the chondrites listed in Table XXV have been
determined. Iron was used as the basis of calculation rather than
manganese because of the greater precision with which it has been de=
termined in these samples. The results of these determinations are
listed in Table XXVI, Unfortunately complete analyses of these samples
by other methods have not yet been completed in order to check these
data. Includéd in Table XXVI are the emission spectrographic man-
ganese values and concentrations for the other elements from previous
analyses of these chondrites.

In order to evaluate the usefulness of data obtained for the peak
intensities of untreated chondrites, 37 chondrite falls and 46 chondrite
finds were run in the X-ray fluorescence spectrograph. Many of the
finds were run both as ssolid siabs (M-No. -S) and powdered samples
(M-No. -U). The data obtained are shown in Table XXVII. The data for
the slabs are the average of at least t'&o samples.

It can be seen in Table XXVII that the peak intensity ratios for the

slab and powdered samples of the same chondrite are different in
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Table XXVI. X-ray Fluorescent Spectroscopic and Previous
Determinations of Manganese, Chromium, Cobalt

and Nickel in Chondrites

Chondrite and method Fe% Mn% Cr% Co% Ni%
Holbrook, wet, Pollack (24) 19.5 .- - - -
Holbrook, M-72-0, X-ray 19.5 0.224 0.254 0.045 1.15
Holbrook, M-72-U, spec. -- 0.248 -- -- --
Holbrook, wet, Nichiporuk - - - -- 0,95
Richardton, wet, Pollack (24) 26.2 - -— - --
Richardton, M-72-0, X-ray 26,2 0.234 0.317 0.066 1.83
Richardton, M-72-U, spec. -- 0.265 -- -- --
Ochansk, wet, Wiik (18) 19.14 0.20 0.10 0.10 1.58
Ochansk, M-215-0Q,X-ray 19.14 0.247 0.203 0.062 1.29
Ochansk, M-215-U, spec. -- 0.246 -- - -
Saratov, wet, Wiik (18) 28.50 0.28 0.45 0. 05 0.99
Saratov, M-208-0, X-ray 28.50 0.272 0.342 0.089 1.93
Saratov, M-208-U, spec. -- 0.244 -- -- --
Forest City, wet, Pollack (24) 26.6 - - -- --
Forest City, M-69-0, X-ray 26.6 0.261 0.40 0.068 1.45
Forest City, M-69-U, spec. - 0.225 - -- --
Forest City, wet, Blake 24.97 0.27 0.32 - 1.73
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several cases, In the analysis of the data which follows, the data from
the slabs were used, where possible, because there was less chance for
sampling errors and it gave better results than did the powder data.

Six slabs cut from the Covert chondrite were analyzed on both
sides. The peak intensity ratios were Co/Mn - 0.114 + 0,014, Fe/Mn -
4.45 1 0.28, and Ni/Mn - 0.954 + 0.095. The relatively low standard
deviations from the mean show that the slabs represent a homogeneous
sample.

The peak intensities for chromium and manganese and the Cr/Mn
peak intensity ratio are relatively constant for most of the chondrites
in Table XXVII. Both chromium and manganese are found in the non-
‘metallic portion of chondrites and showed no constant difference between
their ratios in the untreated and oxidized samples in Table XXV. The
manganese and chromium concentrations given in the compilation of
meteorite analyses by Urey and Craig fluctuated greatly. This in~
vestigation indicates that in most cases their reported values are
probably in error. Chromium has been reported as occurring in both
the silicate and sulfide phases of chondrites while manganese always
appears to be concentrated in the silicate phase alone. For this reason
the peak intensity ratios have been taken relative to manganese.

Plots of Ni‘/Mn vs Fe/MN, Co/Mn vs Fe/Mn, and Co/Mn vs Ni/Mn
for the untreated chondrites are shown in figures 18, 19 and 20, re-
spectively. Clearly indicated on these plots is the fact that the chondrite
falls generally have a much lower metal content than the finds. This

conclusion is in agreement with the data in Part IV of this thesis and
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with observations made when the chondrites were crushed.
Indications of grouping of the chondrites are present, but not
clearly definable. The evidence for grouping is more evident for the
falls than the finds. In Figures 21, 22, and 23 plots with the same
coordinates as above are given o‘n a larger scale for the falls only.

Suggested trends and groups are indicated on the figures.



84

*$9312pUOYD 10] sorjes Ajrsusiut yead up / a4 pue N /IN usamiaq .,gwudﬁmm. *91 eandrg

Ajrsuejuy yead U /940
¥ Z2°% 0'F 8°€9°€ $°¢€ 2°€ 0°€ §°2 9°2 $°2 2°2 0°2 8'I

0°¢ 8% 9°% ¥°
| Y T T ]

* ” i Mooon X oo' c.lﬁ.
Lo : : - oc w.-\ . .c.,»o ) JlNc
(L6°6 °€T') 1¥o = e e
(02°S ‘8¥°1) €220 1808 JjO S . |
. : ‘ «0* . © w
e eooc o° l*-
% 6
OM ° Imo
o0 °
. d5-
) ° 0 )
’ 1
o le-
o o °
. o . |®-
) 40°1
spurqge 15 1
MH.HN.MO

Ayrsusyur yeed UN/IN



85

"S$9MIPUOYD 107 sonjea A3rsusjur

Teod U /o4 PR UN /0D usemieq wonersy -6 ‘Fig

£318uajuy yeod upy IEX

0°s PR 4

[ 4 g°¢

L] A L] L] L T 1 L]

o

1 1
0
o ©

°
B
©
!
po¥]
=%

oo’ {20°

1 1
o &
o &

a 101~

€1

SPULJ o
sireq . o1 -

Aytsusiuy yeod upw /0D



86

*Falls
oFinds o

[

Co/Mn peak intensity
o
L}
Q

.03 |

01 r ‘:‘,"

—8—4Z 53 04 05 00 07 .08 .09L.01.11.2 1.3 1.41.5
Ni/Mn peak iatensity
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The powdered chondrite falls were divided into magnetic and
non-magnetic portions manually by passing a permanent alnico magnet
over each sample. Ideally, the magnetic portion should be made up
of only the metal phase and should only contain iron, nickel and cobalt.
The non-magnetic phase should be made up of silicates and troilite.
Inspection of/both splits with a binocular microscope showed that the
magnetic portion had a large amount of silicate and trc;ilite con-
tamination, while the non-magnetic portion was contaminated with
metal to a much lesser degree. The data obtained when these splits
were run in the X-ray fluorescence spectroscope are given in Table XXVIII,

If for each of the chondrites, a plot of the Fe/Mn vs Ni/Mn peak
intensity ratios is made for the unsplit sample, the silicate split and
the magnetic split, a straight line can be drawn through the three
points. Figure 24 illustrates such a plot for the Olmedilla de Alarcon
chondrite, If we assume that all the nickel is present in the metallic
magnetic phase of the meteorite, we can extrapolate the line to the point
where the Ni/Mn ratio is zero and there obtain the Fe/Mn peak intensity
ratio in the pure non-magnetic portion of the chondrite. If there is no
manganese present in the metal phase of the meteorite the slope of the
line is equal to the Fe/Ni peak intensity ratio in the pure magnetic
phase. Similar information can be obtained from a Fe/Mn vs Co/Mn
plot. |

The values of the Fe/Mn peak intensity ratios (non-magnetic) have

been calculated for each chondrite from both the nickel and cobalt plots.
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Ni/Mn peak intensity

Plot of Fe/Mn vs Ni/Mn peak intensities for Olmedilla de
Alarcon and ita magnetic and non-magnetic s:ilits.
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The results and averages are given in Table XXIX, along with the
Fe/Ni and Fe/Co peak intensity ratios in the pure magnetic phase.

Figure 25 shows plots of Fe/Mn vs Ni/Mn for both the unsplit
chondrites and their non-magnetic splits, The joins for each of the
meteorites tend to fall along one of two separate lines, indicating the
presence of two major groups. The chondrite Olivenza (M-200) seems
to form a unique join line of its own, and Pantar and Chateau Renard
have joins which are at sharp angles to the general trends.

The two major groups correspond to the high and low iron groups
of Urey and Craig. If a histogram showing the frequency of occurrence
of the Fe/Mn peak intensity ratios in the non-magnetic phase is con-
structed, a bimodal distribution is found as shown in Figure 26. This
distribution is the same as found by Urey and Craig for iron in the
silicate phase., This similar distribution for non-magnetic Fe/Mn
peak intensities is possible because both the manganese and troilite
concentrations are relatively constant in most chondrites.

I—Iistégrams of the frequency of occurrence of metallic phase
Fe/Co and Fe/Ni peak intensity ratios have bimodal distributions. A
good separation between the modes can be made if the values of the -
metallic Fe/Co and Fe/Ni peak intensity ratios are plotted against each
other. Figure 27 shows such a plot. The group with the higher Fe/Ni
and Fe/Co ratios is a more highly reduced system. This group corre-
sponds to the group in Figuré 25 with the lower Fe/Mn ratio.

Includéd in Table XXIX is the apparent group for each chondrite fall

as indicated by the data in Figures 23,25, and 27, The designation of
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Table XXIX., Peak Intensity Ratios for Metallic and Non-Metallic
‘ Splits and Apparent Group for Each Chondrite

Non-metal Metal This Urey &
: . Fe Fe Fe Fe Fe aper Crai
Meteorite ‘ Mo Vo Mo o N pap g
(Fe-Co) (Fe-Ni) avg.
Alexandrovsky 1.77 1.74 1,76 24.5 2.54 H
Alfianello ; 2.20 2.19 2.20 14.1 1.71 L
Allegan 1.83 1.79 1.81 11.3 3.20 H
Beardsley 1.87 1,74 1.81 21,4 3.13 H
Bjurbole 2.26 2.28 2,27 10.5 1.38 L L
Chateau Renard ‘ 1.50 1.47 1.48 25.6 3.55 7
Colby, Wisc. 2,45 2.43 2.44 11.2 1.35 L
Dhurmsala 2.28 2,29 2,29 7.24 1.03 L
Elenovka 2,45 2.45 2.45 11.8 1.47 L
Forest City 1.66 1.32 1.49 25.2 3.58 H H
Ichkala 1.87 1.82 1.84 22.4 2.92 H
Knyahinya 2,27 2,29 2.28 10.5 1.07 L H
Krasnyi-Ugol 2,41 2.40 2.41 12.9 1.73 L
Kuleshovka 2.28 2.31 2,29 13.2 1.87 L
Kunashak 2.45 2.47 2.46 12.6 1.31 L
Marion 2,29 2,25 2,27 13.6 1.83 L
Maziba 2.34 2.34 2.34 13.0 1.63 L
Mocs 2.19 2.17 2.18 14.0 2.07 L
Modoc 2.29 2.44 2,37 14,1 1.44 L L
Mordvinovka 2,30 2,31 2,30 13,0 1.43 L
Mount Browne 1.86 1.73 1.80 18.8 2.51 H
Nanjemoy 1.79 1.73 1.76 22,1 3.69 H
New Concord 2.17 2,15 2,16 14.2 2.40 L
Nikolskoie 2.40 2.42 2,41 13,6 1.52 L
Ochansk (1) 1.91 1.81 1.86 22.2 3.60 H
Ochansk (2) 1.72 1.81 1.76 22.8 2,65 H
Olivenza 2,91 2,92 2.91 3.63 0.47 L? [L]
- Olmedilla de Alarcon 1.78 1,84 1.81 22.8 3.56 H H
Pantar 1.45 1.22  1.37 24,6 3.09 7?2
Parnallee 1.89 1.93  1.91 21.1 1.80 H
Pervomaisky 2,37 2,37 2.37 14.3 1.92 L
Pultusk 1.82 1.75 1.79 22.1 3.05 H
Richardton 1.56 1.66 1.61 25,4 2.64 H
St. Michel 2,25 2,26 2.25 15,1 1.74 L L
Saratov 2,11 2,05 2.08 22,4 2.38 H? L
Savtschinskoje 2,59 2.62 2,60 7.98 2.62 L
Stavropol 2.30 2,37 2.33 13,7 2.03 L
Tane 2.29 2,25 2,33 12,6 2.14 L
Uberaba ’ 1.97 1.95 1.96 13.7 2.08 H?
Weston 1.80 1.77 1.78 25.4 3.25 H
Vatoor 1.87 1.83 1.85 20.0 2.59 H
Zhovtnevyi 1.86 1.83 1.85 20.0 2.59 H
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high iron (H) or low iron (L) for a sample is the same as used by
Urey and Craig. Also shown is the group designation given by Urey
and Craig to the chondrites included in their compilation.,
Conclusions

X-ray fluorescence spectroscopy has been used to confirm the
presence of grouping in chondrites, Untreated chondrite falls can be
classified into groups by determining their positions on peak intensity
ratio plots of Ni/Mn vs Fe/Mn, Co/Mn vs Fe/Mn, and Co/Mn vs Ni/Mn.

Urey and Craig have shown that there is a difference between the
Ni/Fe ratios in the two main chondrite groups. This investigation con-
firms this and indicates that there is also a difference in the Co/Fe
ratios, The difference in the average Co/Ni peak intensity ratio for.each
group is probably not caused by differences in the chemical Co/Ni ratio,
but is rather a secondary effect caused by other chemical and physiéal
differences in the chondrites,

More reliable and consistent results can be obtained by classifying
the chondrites on the basis of their Fe/Co and Fe/Ni peak intensity
ratios in the metallic phase, and their Fe/Mn peak intensity ratios in
the non-magnetic phase, There is good agreement between the
chondrites placed in each group based on the X-ray fluorescence data
and those classified by wet chemical analysis data,

The validity of extending the group trends found for the chondrite
falls into the chondrite finds has not been fully investigated. Indepen-
dent means of classification appear necessary to properly define group

boundries. Preliminary inspection indicates that most of the chondrite
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falls appear to be members of a single group.

Several chondrites do not fall in either of the two main groups.
The Olivenza chondrite had unique results for all of the correlations
presented. This fact lessens the probability that there was an error
in treatment, and indicates that it is a member of a rarer group of
chondrites., X-ray fluorescence spectroscopic data should be useful
for indicating and checking odd chondrite compositions.

Chondrites are difficult to obtain in large quantities, so that any
program requiring the analysis of a large number of chondrites would
be limited in accuracy by the small samples available for each chon-
drite. The small samples generally available are not good samples of
the total meteorite. For this reason the accuracy obtained in the
above investigation seems to be practical for the problem at hand. It
does not appear that a quantitative analysis of the untreated chondrites
is possible by this method. It does appear possible to develop a method
of quantitative analysis for chondrites if they are first treated in such
a way as to put the sample into a more homogeneous chemical and

physicai state,
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Propositions

The complex compounds [Au(SC(NHZ)CH ] Br and

3)2
[Cﬁ(SC(NHZ)CH3)4] Br have been prepared (1), It is proposed
that an attempt be made to investigate the reactions of Au(l) and

Cu(l) with thioacetamide. A thioacetamide inhibition effect similar

to that found with silver is expected.

Part of the Varpaisjarvi chondrite was destroyed by
weathering in a very short time (2). A study of the physical
strength and resistance to weathering of chondrites is proposed.
An indication of the type of sample available from chondrite finds

would result from this data.

Free energy data indicate that the phase In5S6 in the phase
diagram In-InZS3, is not stable at room temperature. It is proposed
that this possibility be investigated.

AF for the reaction InZS + H, = 2In + HZS should be de-

2
termined as an aid in explaining inconsistencies in the literature

regarding the occurrence and properties of InZS? (3)(4).

A preliminary investigation of the germanium and cobalt

concentrations in the metal phase of chondrites gave the following

data:
Meteorite % metal in Conc. in metal
magnetic sample Ge ppm Co %
Knyahinya 44 155 0.87
Mocs \ 67 123 0.72
Ochansk 75 69 0.52
Olmedilla de Alarcon 62 - 58 0.55
Pantar 67 : 66 0.51
Pultusk . 47 87 0,77

Zhovtnevyi 45 104 * 0.80
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Several suggestions to account for the difference between these data

and that predicted by Lovering et al are proposed (5).

A study of the nature of the silver-thioacetamide complex

in solution is proposed.

Large quantities of shale are obtained as a by product at
the U.S. Borax Corporation, Boron, California plant, This shale
has been thoroughly investigated as an ore for several rare metals,
but is not of a high enough grade to treat at the present time. An
investigation of its direct use as a ceramic raw material is

proposed.

The Nuevo Laredo stohy meteorite contains unusually high
concentrations of barium and uranium (6). The uranium contents
of other high barium stony meteorites should be determined to see
if there is a direct correlation between the barium and uranium

contents,

A study of cosmic-ray induced radionuclides, with half
lives from 100 to 10, 000 years, in meteorites is proposed. Data
obtained could be used to indicate the terrestrial age of meteorite

finds,

If there is a thallous ion-thioacetamide intermediate in the
precipitation of thallous sulfide by thioacetamide, the reaction

should have an ionic strength effect.

A simple method for the hydrostatic testing of bottles is

proposed.
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