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INTRODUCTION 

Statement of Problem 

The reactions of rherium(III) chloride and rhenium 

(III) bromide in liquid ammonia have been only briefly 

investigated; it is reported that each of these compounds 

forms a series of ammoniates which are stable to ammon

olysis (1). Futher investigation of the reactions of these 

compounds would, in large part, depend upon the accuracy 

of these observations. 

Should the existence of stable ammoniates be verified, 

the use of these rhenium(III) halides as starting materials 

for reduction studies using solutions of potassium in 

liquid ammonia could provide insight into the nature of the 

species reported as the rhenide ion. Should the existence 

of the stable ammoniates be disproven, a study of the 

ammonolytic reactions and the nature of the products obtained 

would provide information upon which the choice of a compound 

suitable for reduction might be based. 

The results of the investigation of the reactions of 

rhenium(III) chloride and rhenium(III) bromide in liquid 

ammonia are reported in this thesis. 



SURVEY OF LITERATURE 

The Rhenide Ion 

The existence of the rhenide ion was first proposed 

by Lundell and Knowles (2) in 1937. They reported that 

the effluent of a solution of potassium perrhenate passed 

through a Jones Reductor reduced eight equivalents of 

permanganate per mole of rheniimi; this was, they said, 

the result of an eight electron oxidation of rhenium from 

the -1 to the +7 oxidation state. Maun and Davidson (3) 

by another experiment using zinc as a reducing agent supp

orted the evidence gathered by Lundell and Knowles. 

Lingane (4), de Zoubov and Porbaix (5), and Rulfs and 

Elving (6) confirmed an eight electron change by polar-

ographic techniques. Cobble (7), basing his conclusions 

on thermodynamic considerations, supported the existence 

of the negative rhenium ion. 

Potassium rhenide tetrahydrate was reported to have 

been isolated by Kleinberg, Griswold, and Bravo(8,9) and 

by Floss and Grosse (10). Lithium rhenide was also isolated 

as a hydrated species by Grosse (11). In no case, however, 

has the simple product been isolated free of the water of 

hydration. 

Ginsberg, e^ ad (12,13,14,15) have presented evidence 



that the rhenide ion of Lundell and Knowles was a hyrido 

complex of a higher oxidation state of rhenium. This 

prompted Floss and Grosse (16) to revise their claim of 

the potassium rhenide tetrahydrate to one of potassium 

tetrahyridorhenate(III)-2-water. Ginsberg and co-workers 

(1/) later isolated the potassium salt of the enneahyrido-

rhenate(VII) and presented chemical and physical data 

obtained upon it. Keenan and co-workers (18) prepared the 

same species by reduction of rhenium(iv; with potassium 

in liquid ammonia. 

INVESTIGATED COMPOUNDS 

Tensimetrie investigations by Kleram and Friscbmuth (1) 

have shown the existence in liquid ammonia, of ammoniates 

containing fourteen, seven, and six moles of ammonia per 

mole of rhenium(lll) chloride; similarly, ammoniates con

taining twenty, fourteen, nine, and seven moles of ammonia 

per mole of rhenium(lll) bromide are reported. No other 

reports of reactions of these compound in liquid ammonia 

are available. 

Thompsor (19) investigated the behavior of rhenium(lll) 

iodide, potassium hexachlororhenate(IV), and potassium 



hexabromorhenate(IV) in liquid ammonia, and reported that 

each of these compounds underwent extensive ammonolysis. 

This is of significance to the problem because of the 

chemical similarity of these compounds to rhenium(III) 

chloride and rheniumClII)* bromide. 



EXPERIMENTAL 

Chemicals and Equipment 

Refrigerant grade ammonia was stored over potassium 

amide in small cylinders and was purified by contact with 

a solution of potassium in ammonia prior to use. 

Potassium hexachlororhenate(IV) and potassium hexa-

bromorhenate(IV) were prepared by the method of Watt and 

Thompson (20) . 

Potassium was of the highest purity obtainable and 

was further purified by distillation and collected in 

sealed glass ampoules by the method of Watt and Sowards (21) 

Silver hexachlorhenate(IV) was prepared by the 

metathesis of potassium hexachlororhenate(IV) and silver 

nitrate in acid solution {12). The yield was essentially 

quantitative. Anal.Calc. for Ag2ReCl^: Ag, 35.1, Found: 

Ag, 34.5. 

Silver hexabromorhenate(IV) was prepared in 96% yield 

by the metathesis of potassium hexabromorhenate(IV) and 

silver nil rate in acid solution (22). Anal. Calc. for 

Ag^ReBr^: Ag^24.5. Found: Ag, 24.6. 

Rhenium(III) chloride was either purchased from the 



S.W. Shattuck Chemical Co. and used without further 

purification (Anal. Calc. for ReCl3: Re, 63.6. Found: Re, 64.5.) 

or was prepared by the thermal decomposition of silver 

hexachlororhenate(IV) in dry nitrogen. Anal. Calc. for 

ReCl3: Re, 63.6. Found: Re, 63.6. 

Rhenium(III) bromide was prepared in 77% yield by 

the thermal decomposition of silver hexabromorhenate(IV) 

in vacuo(23). Anal. Calc. for ReBr3: Re,43.7. Found: 

Re„43.5. 

X-ray diffraction patterns were taken with a type 

12045 North American Phillips x-ray Generator using copper 

KQ, radiation after filtering through a thin nickel foil. 

Six hour exposures were made using Lindeman glass capillary 

tubes. The x-ray tube voltage was 35 kilovolts and the 

filament current was 18 ma. Line intensities were estimated 

visually. 

The reaction vessel used for titrations was a one 

burette version of the all-glass reactor described by 

Watt and Thompson (24). 

Potentiometric titrations were carried out using a 

Sargent Model SR recorder with a Sargent pH recording 

adaptor. A mercury-saturated calomel reference electrode 

such as described by Watt and Sowards (25) was used in 
6 



conjunction with a platinum wire electrode. 

The dry-box was constructed of k inch stainless steel 

and kept free of oxygen and water by a constantly stirred 

sodium-potassium eutectic. 

Spectrophotometric determinations were made using a 

Hitachi-Perkin Elmer Model 130 spectrophotometer. 

Analytical Procedures 

Rhenium was determined spectrophotometrically as 

the methyl-2-pyridylketoxime complex according to the 

method of Thompson, Gore, and Trusell (26) after dis

solution of the sample in hot, basic 307o hydrogen peroxide. 

Halogens were determined gravimetrically as a suit

able halide after decomposition of the sample in warm, 

basic solution which was then acidified. Silver nitrate 

was added and the silver halide was filtered and weighed. 

Caie was taken to use a small sample and to dilute the 

solution prior to adding silver nitrate so that the con

centration of rhenium was less than 2 mg per ml to pre

vent the formation of silver perrhenate. 

Potassium was determined gravimetrically as the 

sulfate after repeated evaporations to dryness with sulf

uric acid. 



Silver was determined gravimetrically as a suitable 

halide after decomposition of the sample in hot, basic 

307o hydrogen peroxide. 

Nitrogen was determined by the Dumas method by the 

Huffman Laboratories, Wheatridge, Colorado and by the 

Corbaugh Laboratories, Charleston, West Virginia. The 

sample was handled only in an atmosphere of dry, inert gas. 

Hydrogen was determined by the Huffman Laboratories, 

Wheatridge, Colorado and by the Crobaugh Laboratories, 

Charleston, West Virginia. The sample was handled only 

under dry, inert gas. 

Attempted Synthesis of ReCl^ in vacuo 

To a solution of ten (10.00) grams (0.021 moles) of 

potassium hexachlororhenate(IV) (page 5) in 400 ml of water 

acidified with six drops of 707o perchloric acid, a sol

ution of ten (10.00) grams (0.589 moles) of silver nitrate 

in 400 ml of water is added slowly with stirring. The 

precipitate was washed thoroughly with three 50 ml portions 

of alcohol and three 50 ml portions of ether and dried 

in vacuo for six hours followed by drying for two hours at 

110°C. The yield of silver hexachlororhenate(IV) was 12.87 

grams (0.021 moles). Anal. Calc. for Ag2ReCl^: Ag,35.1. 

Found: Ag,34.5. 
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In an attempt to synthesize rhenium(III) chloride 

by the thermal decomposition of silver hexachlororhenate(IV) 

(23,27), a 25 X 300 mm test tube was fitted with a 29/44 

sleeve joint, then charged with ten (10.00) grams (0.016 

moles) of silver hexachlororhenate (IV). It was then 

evacuated, inserted about eight inches into a furnace, and 

heated to 450 C in 25 increments. At the cool end of 

the tube were condensed crystals which, when exposed to 

the air,decomposed with the liberation of hydrogen chloride. 

The residue was partially soluble in acetone and methanol 

and imparted the red color characteristic of rhenium(III) 

chloride to the solution; the insoluble black residue react

ed /iolently with dilute nitric acid. It was inferred 

from these observations that the crystals were a mixture 

of rhenium(III) chloride and rhenium(V) chloride,* the 

latter was hydrolyzed to rhenium(IV) oxide upon contact 

with the atmospheric moisture. It was not possible to 

purify the crystals by sublimation and the method was 

abandoned. 

Synthesis of ReCl3 in dry Nitrogen 

In another attempt to sjmthesize rhenium(III) chloride 

by the thermal decomposition of silver hexachlororhenate(IV) 



a combustion boat containing 17.47 grams (0.028 moles) of 

silver hexachlororhenate(IV) was placed in a 25x600 mm 

Pyrex tube. The tube was evacuated then filled with dry 

nitrogen purified by passage over hot, finely divided 

copper and through anhydrous magnesium perchlorate. With 

a steady flow of nitrogen (about ten ml per minute), the 

temperature was elevated in 25°C increments to 550°C, 

where it was maintained for six hours. After cooling 

to 250 C, the tube was arranged so that the crystals con

densed on the sides were placed inside the furnace; this 

procedure was repeated at one hour intervals for six hours 

after which the tube was allowed to cool to room temperature 

The crystals which had not been moved down the tube by 

sublimation were scraped from it and stored in a desiccator; 

the others decomposed upon contact with the atmosphere 

and were discarded. The rhenium(III) chloride saved 

weighed 3.25 grams (0.011 moles). Anal. Calc. for ReCl3: 

Re^63.6. Found: Re)63.6, The x-ray diffraction data is 

given in table 1. 

Reactions of ReCl3 

Reaction with Ammonia at -33*̂ C. A 25 ml Erlenmeyer 

flask was fitted with a 24/40 inner sleeve joint; the 

outer sleeve joint was fitted with a small stopcock. 

10 



Into this flask was placed a weighed sample of rhenium(III) 

chloride. The flask was then evacuated and weighed. 

Using a dry-ice - Isopropyl alcohol slush, the flask and 

sample were chilled and purified ammonia admitted. After 

condensing enough ammonia to dissolve the sample (about 

one ml per five mg) the coolant was removed and the ammonia 

evaporated. The sample dissolved readily to form an intense 

red solution. As the ammonia was allowed to evaporate, 

a dark brown precipitate slowly formed and the intensity 

of the color of the solution diminished. After evaporating 

the ammonia the flask was evacuated and reweighed; the 

gain of weight was attributed to the ammonia which reacted 

to form ammonolysis products. It was expected that six 

moles of ammonia per mole of rhenium(III) chloride would 

be required for complete ammonolysis; the values found 

were 5.43, 5.48, and 5.52 (average 5.49). In one exper

iment 276.45 mg of rhenium(III) chloride gained 88.75 mg 

after ammonolysis, which corresponds to 5.52 mmoles of 

ammonia per mmole of rhenium. X-ray diffraction data on 

the residues (with ammonium chloride lines deleted) are 

presented in table 1. The infrared absorption curve is 

given in figure 5. 

11 



Titration with potassium amide at -33^C. Using a 

one burette version of the reactor described by Watt and 

Thompson (24) and the electrode system described by Watt 

and Sowards (25), a solution of rhenium(III) chloride in 

ammonia was titrated potentiometrically. The red solution 

gradually darkened and a black, fine precipitate formed as 

the solution of potassium amide was added. The curve ob

tained from this titration is shown in figure 1. The 

curve is representative cf those obtained for solutions 

aged for two, four, and six hours. It will be seen that 

there are inflections to be found at potassium amide: 

rheniira](III) chloride mole ratios of 1:1 and 2:1, and 

that the curve reaches constant potential indicating the 

complete neutralization of all acidic species. The x-ray 

diffraction pattern for the product is given in table 1. 

Synthesis of ReBr^ 

Rhenium(III) bromide was prepared by the thermal 

decomposition of silver hexabromorhenate(IV) (23, 28, 29). 

To a solution of ten (10.00) grams (0.013 moles) of pot

assium hexabromorhenate(lV) in 400 ml of water slightly 

acidified with six drops of 707o perchloric acid, a sol

ution of six (6.00) grams (0.353 moles) of silver nitrate 

in 400 ml of water was added with stirring. The precip-

12 



itate was centrifuged, washed twice with 50 ml of ethanol 

and twice with 50 ml of ether, and dried j^ vacuo for 

twenty hours at 20°C. The yield of silver hexabromorhen-

ate(IV) was 11.37 grams (0.013 moles). Anal. Calc. for 

Ag2ReBr^: Ag, 24.5. Found: Ag, 24.6. 

The silver hexabromorhenate(IV) was then transferred 

to the 25X300mm test tube previously described. The tube 

was evacuated and inserted eight inches into a furnace 

which had been preheated to 525°C. After six hours the tube 

was allowed to cool, and dark crystals of rhenium(III) 

bromide scraped from it and stored in a desiccator. The 

yield was 4.41 grams (0.010 moles). Anal. Calc. for 

ReBr3: Re, 43.7; Br, 56.3. Found: Re, 43.5; Br, 56.0. 

The x-ray diffraction data are given in table 2. 

Reactions of ReBr3 

Reaction with ammonia at -33*̂ C. Into the modified 

Erlenmeyer flask described previously was placed a weighed 

quantity of rhenium(III) bromide. The flask was evacuated 

and weighed, then chilled in dry-ice - isopropyl alcohol 

while enough ammonia to dissolve the sample (about one ml 

per twenty mg) was condensed in it. The sample dissolved 

readily to form an intense red-orange solution. As the 

13 



TABLE 1 

X-RAY DIFFRACTION DATA FOR ReCl3 AND 
ReCl3 AMMONOLYSIS PRODUCTS 

X-ray Diffraction X-ray Diffraction Pattern X-ray Diffraction 
Pattern for ReCl3 for the product of ReCl3 Pattern for the 

and NH„ (ammonium chloride Product of ReCl.̂  
lines are deleted) and KNH2 (NĤ Cl"̂  

and KCl lines 
are deleted) 

d(A) I d(A) I d(A) 

5.05 90 
3.47 100 
3.24 15 
2.94 20 
2.57 25 
2.37 * 
2.17 15 
2.06 * 
1.85 * 
1.78 10 
1.75 * 
1.73 * 
1.62 * 
1.53 * 
1 41 * 
1.36 * 
1.34 * 
1.23 * 
1.17 * 
1.14 * 

6,70 
6.15 
5.21 
4.71 
4 31 
3.95 
3.60 
3.16 
3.10 
2.87 
2.72 
2.66 
2,50 
2.42 
2 32 
2,30 
2.20 
2.09 
2.00 
1.91 
1.84 
1.80 
1.72 
1.69 
1.65 
1.62 
1.55 
1.45 

100 
40 
20 
* 

10 
* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

5.13 
3.38 
2.82 
2.10 
2.00 
1.87 
1.71 
1.50 

80 
100 

* 

20 
k 

•k 

-k 

k 

*Less than 10% 
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TABLE 2 

X-RAY DIFFRACTION DATA FOR ReBr^ AND 
ReBr3 AMMONOLYSIS PRODUCTS 

X-ray Diffraction X-ray Diffraction Pattern for the 
Pattern for ReBr.̂  Products of ReBr3 and KNH2 

(NH.Br and KBr lines are deleted) 
4 

d(A) I d(A) 

7.22 
6.66 
6 .11 
4 .61 
2 .42 
2 .31 
2 .24 
2.16 
2 .03 
1.96 
1.90 
1.81 
1.69 

10 
100 

20 
* 

50 
* 

* 

25 
* 

* 

* 

10 
* 

5.34 
3.48 
3.22 
2.57 
2.45 
2.36 
2.24 
2.17 
1.91 
1.84 
1.79 
1.74 

100 
100 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

*Less than 10% 
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ammonia was evaporated, a dark precipitate formed and the 

intensity of the color of the solution disappeared within 

five seconds. The ammonia was allowed to evaporate, and 

the flask was evacuated and reweighed. The gain of weight, 

attributed the ammonia involved in ammonolysis, corres

ponded to 6.34, 6.43, and 6.45 moles of ammonia per mole 

of rhenium(III) bromide. In one experiment 168.24 mg of 

rhenium(III) bromide gained 42.64 mg after ammonolysis 

which represents an ammonia;rhenium(III) bromide ratio 

of 6.34:1. The x-ray diffraction pattern of the product 

was exactly superimposed upon that of ammonium bromide. 

That the ammonolysis product gave no x-ray diffraction 

data other than that for ammonium bromide indicates that 

the rhenium-containing material was amorphous. 

Titration with potassium amide at -33^0. Using the 

reactor and electrodes described previously, solutions of 

rhenium(III) bromide were titrated potentiometrically. 

The minimum time required to prepare a solution was two 

hours. A series of titrations was made at this temper

ature after allowing the solutions to age for two hours 

(the minimum time), four hours, and six hours. In the 

first case, the solution which was a dark red, darkened 

and formed a precipitate as potassium amide was introduced. 

22 



The solution aged for four hours was also dark red, but a 

precipitate was present before the potassium amide was 

introduced. The color faded and a fine, black precipitate 

formed as the solution was aged for six hours. As the 

titration proceeded, the solution faded and became color

less, and there was only a suspension of fine, black pre

cipitate which settled slowly as the stirring was discon

tinued. The titration curves are shown in figures 2, 3, 

and 4; the infrared absorption curve for the product, in 

figure 5. X-ray diffraction data for the product are 

given in table 2; the mass balance, in table 3. The curve 

for the least aged solution has a sharp inflection at a 

potassium amide rhenium(III) bromide ratio of 1:1 and none 

thereafter, reaching constant potential at a mole ratio 

of 5:1. The curves for the solutions aged for four and 

six hours have no sharp inflections, and rise to constant 

potential at a molar ratio of 5:1. 

Titration with potassium amide at -78^C. Using the 

reactor and electrodes previously described, a solution of 

rhenium(III) bromide was titrated at -78°C after aging 

for two hours (the time required for preparation). The 

solution was dark red and slowly darkened with the form

ation of a fine, black precipitate as potassium amide 

23 



was introduced. The curve for this titration is shown in 

figure 5. A sharp break is seen at a potassium amide: 

rhenixmi(III) bromide molar ratio of 1:1; another, less 

distinct inflection is apparent at approximately 2.2:1, 

after which the curve rises to constant potential at the 

ratio of 5:1. 

24 



TABLE 3 

MASS BALANCE FOR TITRATION OF ReBr WITH KNH AT -33°C 
3 2 

Element % Recovery in 

Run 1 Run 2 Product 

K 95.1 98.2 1 

Br 98.2 99.1 trace 

TABLE 4 

ELEMENTAL ANALYSIS OF THE PRODUCT OF THE 
TITRATION OF ReBr^ WITH KNH2 AT -33°C 

Element Found Calculated 

Runl Run 2 Run 3 

Re 83.3 82.5 80.8 

N 11.6 3.8 6.3 

H 1.8 0.1 1.9 

K trace trace trace 

Br trace trace trace 

Re(NH2)3 

79.5 

18.0 

2 .5 

0 

0 

ReNHNH2 

85.7 

12.9 

1.4 

0 

0 
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RESULTS AND DISCUSSION 

Reporting their findings, Kleram and Friscbmuth (1) 

describe the formation of a stable solution of the ammo

niates of rhenium(III) chloride and rhenium(III) bromide 

as being intensely colored. The results of the present 

investigation are that these intensely colored solutions 

are not stable, but that a precipitate forms and the 

color is diminished. X-ray diffraction patterns of the 

residue contain lines attributable only to the ammonium 

halide corresponding to the compound studied. The pres

ence of ammonium halide must therefore be attributed to 

ammonolysis by the series of reactions, 

ReX3 + 2NH3 ^ ReNH2X2 + NH4X 

ReNH2X2 + 2NH3 ^ Re(NH2)2X + NH4X 

Re(NH2)2X + 2NH3 *t Re(NH2)3 + NH^X (X CI, Br). 

Complete ammonolysis would require six moles of ammonia 

per mole of rhenium(III) halide; rheniura(III) chloride 

reacted with 5.49; rhenium(III) bromide, 6.42. The excess 

ammonia used in the ammonolysis is probably the result of 

adsorption or interstitial entrapment. A possible reason 

for rhenium(III) chloride being more resistant to ammono

lysis than rhenium(III) bromide is that the bonding is 

more ionic; the ammonia can not solvate it as efficiently 

as the more covalent rhenium(III) bromide and it is less 
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subject to ammonolysis. 

If ammonolysis occurs by the postulated series of 

reactions, titration of a solution of rhenium(III) halide 

potentiometrically with potassium amide would provide a 

curve showing three distinct inflections at amide: rhenium(III) 

halide ratios of 1:1, 2:1, and 3:1, after which constant 

potential should be reached. This is the result of the 

series of reactions, 

ReX3 + KNH2 ;± ReNH2X2 + KX 

ReNH2X2 + KNH2 ^ Re(NH2)2X + KX 

Re(NH2)2X4 KNH2 ?t Re(NH2)3 + KX (X CI, Br). 

Should the compound completely ammonolyze before titra

tion with potassium amide has begun, ̂ only one inflection, 

at a potassium amide:rhenium(III) halide mole ratio of 

3:1, would be expected. 

Considering the titration curves obtained, it is 

seen that distinct inflections at potassium amide:rhenium(III) 

halide ratios of 1:1 and ^il are found on those titrations 

involving rhenium(III) chloride and rhenium(III) bromide 

when the ammonolysis of the latter has been retarded by 

reducing the temperature or by titrating as rapidly as 

possible. In those reactions involving rhenium(III) bro

mide solutions which have been allowed to age for four or 

27 



six hours, no such inflections are found. This indicates 

that ammonolysis occurs by the stepwise replacements of 

the halogens, but that this may not be clearly seen be

cause of the competing reactions with the solvent. That 

the inflections are not well defined is the result of un

avoidable temperature and concentration changes in the 

system and of the long time required for the electrode to 

come to equilibrium with the system. 

A peculiar feature of each curve is that, contrary 

to prediction, constant potential is not reached near the 

potassiun amide:rhenium(III) halide mole ratio of 3:1. 

In each instance, the ratio is greater. Two explanations 

may be given for this behavior: 1. The rhenium ammon

olysis product is amphoteric and reacts with high concen

trations of base. 2. The rhenium ammonolysis product 

disproportionates to lower oxidation states which form 

basic, insoluble products and to higher oxidation states 

which form acidic products. Although magnetic suscept-

ability measurements on the product could assist in deter

mining the validity of the latter proposal, they could 

not eliminate the former from consideration; of course, 

no change in the susceptability would eliminate the latter. 

Because the product has been observed to react with water, 
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the measurements must be made under an inert atmosphere; 

facilities of this type are not locally available. 

Rhenium(III) chloride undergoes slow ammonolysis at 

-33 C. If a freshly prepared solution were used, a re-

duction with potassium could be effected with a minimum 

of contamination from ammonolysis products; such a reduc

tion might also be accomplished using a freshly prepared 

solution of rhenium(III) bromide at -78°C. 

The inconsistancy of the analyses of the ammonia-

insoluble products of the titration of rhenium(III) bro

mide and potassium amide may be explained in at least two 

ways: It is possible that the sample was exposed to 

moisture before or during the analysis and hydrolyzed. 

It is also possible that a series of deammoniation reac

tions , 

Re(NH2) ^ ReNHNH2 + NH3 ^ ReN + NH3 

occured, and that the product analyzed each time was a 

different mixture of the above compounds. It is also 

possible that both explanations apply. The most reas

onable analysis is that of the product from the first 

titration (table 4) because the elements nitrogen, hydro

gen, and rhenium comprise 96.7% of the compound. This 

analysis indicates that the product is primarily ReNHNH^ 
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with some Re(NH2)3 and ReN present. The absence of po

tassium in the sample indicates that no products from the 

reaction of potassium amide and an amphoteric amide of 

rhenium are present. 
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CONCLUSIONS 

1. Rhenium(II) bromide and rhenium(III) chloride under

go extensive ammonolysis in a basic solution; rhenium(III) 

bromide, in neutral̂ «€ind icid solutions, 

2. Ammonolysis in each system occurs through a series of 

stepwise removals of the halogens, 

3. Rheniirai(III) chloride is a suitable compound for re

duction with potassium at -33°C. Rhenium(III) bromide 

is unsuitable except in a freshly prepared solution 

at -780C. 
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