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- REACTIONS OF THEVHYDROBORATE ION IN ACIDIC SOLUTIONS
Theresa Schmitt

: ' Lawrence Radiation Laboratory
- Inorganic Materials Research Division
. ~ Department of Chemistry
University of California
Berkeley, California

January 1966

L .ia .- .. .. . ABSTRACT

T .
5 3

t-_p_Wheplpotassium'h&droborete was.added to aqueous 7.8 M hydrochloric
{Eiacid?at ;609,fe speciesvwith'the power to reduce ‘iodine to‘iodide wa.s
'fformed., Upon warming, the species decomposed with evolution of hydro- fl
pgen. Procedures for preparing and analyzing 1.5-2. O N reducing solu-
‘_ptions were developed,;and:BL and‘proton NMR studies were made.’ The

Fretio'of the'hydrogen'eVOlved as a known emount of solution decomposed,

to the boron in the solution, wa,s measured ‘The possibility ofrobtain- "

iilng BHA by disproportionation of the redu01ng spe01es upon neutraliza-.
. tion of the solutlon was also investigated Attempts were made to

? extract the spec1es into ether, and to prepare an adduct with trimethyl-i
Tamine.: A reducing solution was also prepared from dlborane and cold

7 8 M hydrochloric acid. From the results of these experiments, a BH2

reducing species seems pOSSlble.




~ I. . INTRODUCTION

When stannane, Sth, was prepared in aqueous oJutlonﬁaccording to

v g the procedure of Jolly and Drake,l the author observed a fleetlng yellow

a

preclpltate in the reaction flask as the basic stannate-hydroborate_solu-
" “tion came.in contact with a large excess of hydrochloric acid at 0°. This
material was stabilized for a longer period of time,.enabling its investi~
gation, by repeating the preparation at -60°. Measurement of the ratio
t“of thevmoles of hydrogen evolved as the yellow material decomposed on
"warming'to room temperature, to the moles of tin present gave values of
Jtv3 h to 5 7.

The experlment was then'repeated with the om1351on of stannate ion, ~
:f‘all’other experimental conditions and reactants being. kept the same. Thus,
fiia ba31c solutlon of hydroborate was added to the low temperature acid,

.'the hydrogen formed from reactlon of the BHA with the acid was pumped
off, and then the hydrogen llberated when the solution was warmed to
room temperature was measured. It was found that practlcally the same
‘:<1amount of hydrogen was liberated as a result of thls experlment as was
V'pllberated when tin was present. Investigatlon of another solutlon, pre-
'{'lpared in the same way but not allowed to warm up, revealed that it had-
f;“'the ablllty to reduce I to I‘. | | |
| This phenomenonvwas of considerable interest,vbecause at room tem-
perature, potasslum and sodium hydroborate react rapidly with ac1d3 =2 to
produce boric acid, -a species with no further reduclng power. . Intermediates

. '-—in the hydrolysis have not been isolated or identified in ac1d media, al-_

) ' though in neutral and ba31c -solutions species such as BH5OH R BHQOH, and

The freezing point of agueous 7.8 M (eutectic compositlon) hydrochloric
acid is - 88°.2



'pBH(OH); 'have'been'repofted.s’j‘m
Species such as (Me N) BH I » as. well as other compounds contalnlng v

f'BHé and BH3 grouplngs have been prepared in organlc olvents, and by anhy- ;._ G
o ' ‘ SRR
- drous high-pressure highutemperature technlques.8’9 It is interesting to

znote'that,_onoe formed, (MejN)2 BHgI- is found to be extremely stable in " »

uacidic solution, even at room temperatures and above, being unaffected by
- concentrated sulfuric, hydrochloric, and ndtriohacid,,' sawelljas by-ld% |
hsodlum hydroxide and 30% hydrogen perox1de. ' | | | :
Many workers5 5’7’m"ube11eve that their data point to reaction
t:mechanlsms for the hydroly31s of hydrobonate;bo boric acid via BH3
'(aquated or unaquated) or BH5 speoies. ‘Since a knonledge ofithe com=-
posltlon of this low-temperature stablllzed reduc1ng species might shed
.some 1ight on the truth or fa131ty of these mechanlsms, 1t was thought
fespec1ally 1mportant that an 1nvest1gation of thls spec1es be made.

g Because of 1ncreasing dlfflcultles in the work with the unstable -
1{yellow tin materlal, this work Was abandoned and the boron work was "'h
,iitaken up.1 (The progress which had been made with the tin problem is ;hp.'

zf;given in the appendix, however )

«f
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‘fand to hasten cooling by eliminating the warm air blanket on the top

" II. EXPERIMENTAL

A. Preparation and Analysis of Acidic Reducing Solutions

- 1. Preparation

B A one-liter l-neck flask was equipped with a‘nitrogenbinlet tube; an.

| oﬁerheadmstirrer,-a thermometer capable of reaching temperatures as low as
. -100%, and an addition tube containing potassium hydroborate, as shown in

Fig. 1.

Two hundred ml of a 7.8 M hydrochloric acid solution waS'added to

"the'flask,'and cooled to -65° to ~70° by means of a dry-ice-acetone bath’
rcontained in a 4 liter wide-mouth Dewar. The cooling process was usualky
'Thhastened by blowing nitrogen, which had been cooled by passage through a

. copper coil immersed in ligquid nitrogen,_over the solution.

~ The potassium hydroborate (16 8. ) was then added to the cold acid

?,‘solution slowLy, keeping the temperature of the solution below - 60° at
i:nall-times.' Cold nitrogen was blown over the solution during the hydro-

'i.borate addition, both to provide an inert atmosphere ‘above the solution,

ﬁﬂsurface of the solution.

 When all the hydroborate had been added, the stirring, nitrogen flow,

| and cooling were continued until about half the solution became frozen.:

The unfrozen portion was then poured into the pre-cooled filtration

L apparatus (Fig. 2), and filtered. -Cold nitrogen was blown over the

-3

This solution (1000 ml) was prepared by, diluting 6&) ml of concentrated

_(12.1 M) HC1 with enough water to make one liter of solution. The acid

‘which was not needed in this reaction was stored and used (1) in the pre=
paration of the lodine solution used in the analysis titration later in the

1vvexperiment, and (2) for additional runs.



oo which follows.

eh-

apparatus during the filtration,‘for the reasons previously mentioned.

The flltrate thus prepared contalned the reducinp spec1es, in con-

-~

.“.'centratlons of l 5 to 2. O as determlned by the analytical procedure - , v

. It was.noted that the quantities of reagents employed .in this ex-. _ &

zifperiment could-be'doubled;rwithino apparent effect .on -the percentage

yield (i.e., normality) of the reducing -species.

. .2. Analysis of Reducing Power

Part of the cold filtrate (2) to 30 ml) was poured into a pre-cooled ‘
.graduated vessel, 1mmersed in a dry ice acetone bath and the: total volume
..inoted. Approx1mately 20 ml of this wa.s then poured 1nto a pre—cooled 500

,‘ml round-~bottom flask also 1mmersed in a dry ice acetone bath, for titra- '
ui.tion, and the final volume in the graduated vessel noted, after allowing

»lsuffic1ent time for the viscous liquld adherlng to the walls to return to

d*?;the bulk of the solution. The difference in the volumes of solutlon in

' ;‘the graduated vessel before and after remov1ng the part of ‘the reducing

_solution to be tltrated, was the volume of reduc1ng solution being titrated.

Two procedures were found to be acceptable for tltrating the reduc1ng

'3_ specles, both 1nvolv1ng the use of an 1odine solution which was approxi-

L mately 0. 1N in Ips .07 M in 1: , and 7. 8 M in HCl., (500 ml of this solu-

.tlon vas a suffic1ent amount for a given titration )

s, Volumetric methcd.‘-The iodine;solutionpdescribed above was cooled in .-

a dry ice-acetone bath and then aliquots of known volume were delivered

&

’ ‘f;‘to the reducing solution by means of a graduated Mohr plpet. Enough iodine

“solution wa.s added, w1th stirrlng, to cause the red-brown 1od1ne color to

: pers1st in the solution. (It should be pointed :out that care had to be



'faken to avoid.afhl&aend point, however, since reaction and decolorization
~ of the iodine is slow near the end of the titration. )
| The tlter of. the iodine solutlon was determlned by removing 20 ml

- liquots of it during the course of the titratlon. After allowing these

.dto warm to room‘temperature, they were titrated with standafdized_o.l N
H_fsodium-thiosulfate solution (the:latter was prepared according to the

'  procedure ‘given by Vogellz).

b. Gravimetric method. The iodine solution and itsstoppered'container o

* " were weighed, and then cooled in & dry-ice-acetoﬁe bath. The solution = .

':: was then added (either by pouring directly or by pipeting) to the re-
ducing solution, until the red<brown color-of the iodine solution per=- {9
d; sisted, agdin beiog‘careful to,a&oid false end points. The unused'
" iodine solution was then allowed to warm to room temperature, and the
. ,astoppered container and contentsﬁwere weighed again.
) The titer of atgiven'weight‘of-iodine eolutdon was determined in

. either of two vays: 1) VPortions of the cold iodine solution were poured -

'ﬂ"'f:‘into weighed vessels duriné the eourse of the titraﬁion, warmed to room

';.temperature, weighed, and then titrated with standardized thiosulfate,

- or 2) since the concentration of iodine and iodide in the solution did ,

':"‘7{not exceed their solubilities at even the low temperatures, and hence

" remained the same after the solution was cooled, wéighed aliquots re=-

,:lffdﬁmovedvfrom the bulk iodine'solutioﬁ before the solution had been cooled

| (prior to titration of the reducing solution), were used in titration
“'against standardized sodium thiosulfate.

Whenever the end point vas overreached in either the volumetric or
- - gravimetric methods, the solution was warmed‘to room temperature and

baek-titrated with standardized thilosulfate. (Although it appears that



_ the iodine titrations could be performed more simply by adding a large
excess of iodine‘solution to the reducing solution, and then back-titra-
' " ting more leisurely with sodiumbthiosulfate, this method had»tm be T 3
.1 epplied with some care, since sodium thiosulfate decomposes iﬂ strongly

. acidic solutions. The solutlon had to be stirred very well to.prevent | ’ e
'-lerge local concentrations.of sodium thiosulfate from building up in the

'solution, with subsequent_decompoSition; and error in the titration. To

- minimize the chances of error from this source as ﬁﬁch as poSsihle; large..
excesses of iodine were avoided.) | |

All titrations had to bebperformed under an inert étmosphere to

avoid air oxidation. (The latter effect seemed to be unlmportantvln

vs.solutlons of fairly hlgh concentratlon (close to O 1 N), however since _f'

. two allquots of the 1od1ne solution, removed at the same time frcm a

: flask containing ‘the cold solutlons, but titrated 1/2 hour apart, were’

"of exactly the same normality ) ‘f:m§ “:"'w'ff-;
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| CALCULATIONS

VOLUMETRIC METHOD: . - %0 ool 7 orel i o

‘ - i o ml of Na S 0 o S : Normality of the
23 o ox tandardized

re u1red to titrate / - "¢ X . .. .. |.... standardized

ine solution o NagSng solution

N of the iodine Solution =
o SRR 20 ml (1 e., volume of iodine solution tltrated)

v ml of 1od1ne )( N of iodine ml of Na28203 requlred N of NayS,03
: }:;.SQlut}?n‘used  solution ‘in back titration solution /

giof_Réducing Sointiénﬁg: |

N ml of reduc1ng solutlon tltrated.

GRAVIMETRIC METHOD: . R T S S S .
. . A - - e R . 3 '
‘ . ml NapSp03 o [ Normality of the
’ ~ oo\ required to : : %: - -\ standardized Na28205
. Millequivalents of Iodine =" titrate
Pe? gf ?f I?gln? Soluﬁlpn. A - g. of iodine solution titrated

) g;‘éf iodine millieduiv. of Todine\ /[ ml of Na,S,0 A§ of Ha S 0,
. . - - 27273 \|- 27273
solution required gram solution (?

_ o o : ) ‘ , : required in olution
’ - ‘ T . . . - iy 24 .
N of reducing solution = . : . back titration

‘ml of reducing solution

Solutions of normality 1.3 to 2.0 were generally.obtained.
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B. - Procedure for Cross-Checking the Todine Analytical
Method for Reducing Power - H, Evolution Method

2

A’ stoppered 100 ml round bottom flask containing 50 ml of 7.8 M
;_‘hydrochloric acld was cooled to -60° or lower in & dry-ice acétone bath.

t:An 1od1ne ‘solution (400 ml) which was 0. l N in I,, 0. 7 Min I, and 7. 8 M

' in HC1 was then prepared. Two Erlenmeyer flasks (250 ml) w1th‘stoppers

“and two 25 ml Mohr pipets were weighed, and some of the iodine solution _hv*'

' was poured into each of the two Erlenmeyer flasks for standardization;'*

- the latter'were-then weighed again and set aside. The remainder of the ‘j'

. lodine solutlon was then weighed in a stoppered 500 ml round-bottom
T;Qflask and cooled in a dry-lce acetonn “bath. | A
The apparatus indlcated in Fig 3 wes set up. Argon was passed '
'through the 81de arm, creatlng 8 Sllght pressure on the solution and |
ivpreventlng premature flltratlon. Nltrogen, cooled by passage through 8,
"?’fcopper coil 1mmersed in liquid nltrogen, wa.s passed over the top of the vu

ff‘apparatus.

The precooled HCl was then poured into the funnel part of the appara-

hifptus, and the stirrervturned on, Potassium hydroborate (1. 6g) was added

';slowly to the HC1 solutlon, care beﬂng exerc1sed not to allow the tem-
:,,perature of the solutlon to rise above -60° | f“ f' .

When all the KBHu had been added, the stopcock was turned to allow

- vacuum to be applied to the flask, and the solution was flltered into the -

’ *f_smaller compartment of the lower flask

" While the solution was fllterlng, the weighed-out iodine solutions
were titrated with standardized 0. l N Na 8205 solution (see Voge112 for

standardlzation procedure)

S ©
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:”w;,reduclng solutions was quickly transferred 1nto 8. hz wide-mouth Dewar con-

. When the solution had all been filtered the apparatus was raised in

the bath untll only the part below the - horseshoe clamp was 1mmersed. The".

. clamp and the upper half of‘the apparatus were.removed, and a slow stream

"of Argon was passed overAthe lower flask'- The’vessel was then tinped"

. (while . immersed in:the’ bath), enough to allow 10 15 ml of the redu01ng

j ‘solutlon to £ill the larger bulb The flask was then straightened and

secured in the bath.

While maintaining the argon flow over the vessel aliquots of the

iicooled iodine solution were removed w1th one of the pipets, ‘and were
Q:: added: to the solution in the larger compartment until the red-brown ;
fiodine color no longer disappeared (care had to be taken to av01d , f?
o false end point) A glass stirring rod was_used,to;stir.the solution
vimfwduring the‘titration.‘ At the end:pf the titration;nas much of the
i;; titrated reducing solution as possible wasiremoved (with the. second pipet)
vinto a weighed stoppered'container and set aside. The pipet was also set
vaside and both the flask and pipet were weighed.after reaching room tem-
jr:perature. (The titrated solution was removed in order to.avoid free21ng
?;and'thaWing.unnecessarily the large volume of solution and to av01d the

ﬂ; necessity of pumping dissolved gases from both solutions )

The flask containing the remainder of the titrated and the untitrated

———

frtaining‘liquid Né, and,attached to a vacuum line, by the_connection'shown

‘ivin Fig;vél Silicone grease was used on the.o-ring.?

‘The unused portion of the 1odine solution was removed from 1ts cold

bath and was allowed to warm up. The first plpet was also set a51de and

,allowed to warm up. When the plpet and the 1odine solutlon reached room

?,temperature, they were each weighed again, so as to obtain the weight of



.';,10,].:

L the‘titrant-by difference.ehd

When the solutdonslin‘the flasktlmmersed in liquld Né werevfrozen,,
the volume.above them'was_ewacuated;.vA DeWar,with dry-ice-acetonelwas h
then substituted‘for:the one containing liquid-Né...The'solution»was |
’allowed to thaw and to warm up to dry-lce-acetone temperatures; whlle
' ,evacuatlng carefully, per1od1cally (not steadlly) to prevent frothlng
~ (Note: 1fvpressure of evloving gases was large at dry-ice acetone tem~7

‘peratures, the stopcock above the solution was closed the solution re-

:;?frozen in liquid: N2, the gas above it pumped off, the stopcock closed and

;the solutlon thawed in a dry-lce-acetone bath agaln ThlS procedure was
-_repeated as often as necessary to- get solutlon pumped down w1thout decom-,
:p’ p031ng it ). When the solutlon had been suff1c1ently pumped down, the pump
:“fwas closedvoff from the system« The_dryflce-acetone bath was removed from
iaround.the flask; and the solutionS‘wene allowed to warm up«to room tem-"
. vperature, after maklng sure to allow suff1c1ent volume to safely accommo-
t“fidate the H2 whlch would be evolved After the solutlon had all decomposed
:’it(l.e., when effervescence had ceased and solution.was at room temperature),
'fjlt wa.s cooled in a dry-lce acetone bath agaln. | |

The Hé llberated in the decomp051tlon was - then pumped off with a

"‘i,Toeppler pump (after passage through three or four U-traps 1mmersed in .

'gf%llquld N, ) and the amount of H, was measured

- The bottom flask was then dlsconnected from the vacuum line at the
.o-rlng Joint, oare being taken not to tip_thevcontents, and it was loosely
rstoppered.' S ‘
' ;After allowing'it to warmAtorroom.temperature; the assembly was
_.weighed. The traces of the contents -which remained in the larger ccmpart-

ment (i.e., titrated side) were wiped out.: with a "Kimw1pe « - The vessel



,fducing.power'per g..of_réduéing'solut;on,  2)l hdles H

'-ll;“

was ‘then weighed again. The contents wers removéd from the other side

“next, and the vessel'reweighéd.

The calculations were then_éarriedibut'to~detéfmine, 1) ‘the re- .

o éyolved per g. f??{af 

.of red solution, 3) ratio- of 2) and 1). The results of two such

- .eiperiments,'asvwell §é'a;sample calduldtioh;Agre:given,bela#f}l%
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Run

. Weight of iodine solution and
flask before titration

Weight of iodine solution and

..+ flask after titration

v;Weight of Erlenmeyer flasks
- (empty)

Weight of Erlenmeyer flasks

;- containing iodine solutions

2275

ML of Na 5.0, req. to titrate

X of Na,S,0, solution

27273

. ‘Weight of iodine solution:
" elinging to first pipet

. Weight of tltrated solutlon ST
;'removed R

. " Weight of titrated solutioﬁ;f*"¥'

w" £i.clinging to second pipet

10,

I

/ML of Na, s O3 used in- back-;;z;f
N titratlon : S

Weight of double-bulbed flask{ifoflxv:'*\-“g*; '
DS URE P A

-, at end of run

o 12,

113,

Weight of flask after larger |

compartment was w1ped out

_Weight of flask after solutlon .

from smalller compartment was

 ‘removed e

th;"Mlllimoles of H2 ToepleredVv o

No. 1

- 86L4.348

- 688.601

111.386
107.106

154 .203
140.890

40,17
31.90

S 0.1007

«;;1:ﬁ362;796 1, S

D suues

1.5

No. 2

" 932,460 |

gak. 717

107.110

133.074 "

131.212

168.093_

23.90
34,65

0.1007

10.082 »7
L 1124292

. 0.362

b5

373 .640

371399

346,743
| 16.883
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CAICULATIONS: RUN NO. 1

~ N of Iodine Solition

" ml of Na_S,0,

g. of solution titrated

No. 1 . 154,203
-111.386

42.817 -

272 3 . .
Requlred,l Lo.17 -

22 3

. N of Ne,S,0,: - 0.100T

. 2'1milliequ1valents | CoL
v __of iodine C o o7 (. 1007),

g. solution ' :"' L2, 817

10.095;

Reducing Solution @ . B

" Wt. of iodine solution | .

i-'."'w*l: after titratlon -?iT;T”-688 601 wa
| L TITSV TR

B clinging to pipet . ',f“A

" g. of iodine solution,';“if 175.698. )

:'.fL;before tltration .g;;;'ﬂf‘ 86h 348”v

wt. of iodine solutiontﬂ(f”

””uused

U wt. of apparatus at end

v,a_of expt. S x'ﬁ-§63.857

© iwt. of apparatus, 1ess :

soln from larger

compartment - '!‘-3‘ﬁﬂ}-362.796 'ig

.wt. of titrated soln not. .

“'pipeted from flask aftergf'

" titration e 1,061

wt. of soln, clinglng tov ;,
second pipet 4 L,0h0

wt., of titrated soln ; -
~ removed J +188.730

0.049

 140.890 -
- =107.106
T 33,784

51.96

31,90 (.1007)
55785

3507

0.095



g. of reducing,soln
titrated + iodine .. - . e
soln used to titrate - 189.831 .

g. of iodine solution

used ' L -175.6281” 

. g. of reducing.ébluﬁio-' .
titrated - 14,133

. RESULTS OF RUNNO. 1. 7 =~ — —==—— —  ———-

" Millimoles of H, Toepleréd“i_ Co= 15

e Milliequivaiénts,of Reducing Agent/g..qf‘sdiu+?énéﬂ[w’4{47:7i_:»’

 (175.608) (.095) _ 119 = (1) |

lﬂ 153

g. of solution decomposed - =562 796 - 3hh 465
| T 218,330

’.,Millmmoles of Ha/g, of reducing

!".. vl

”3ff,solutlon ?T';f&-“f”éfiﬁw‘V*:A -2£;3§1.252668~7

¢ Ratie of (L) to (2) - 109 o

- = 1.96




-

Ll

.{ %ESULTéiéFlRUN_Nb. ?4:
n.1;if ;;Mi1iieqﬁiya1§ﬁts‘ijReéuéing haont/g. of sotution:
2 -‘.'~."‘.,Mi.l.11moles, of He/g, ;Of ﬂsiélution '

= 3 Ra.tio Qf (l) to0 (2)

" Average ratio obtained from runs No. 1 and 2 . .

1.46

685

2.1

'é}QB N
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C. Proton Nuclear Magnetic Resonance Studies

1. Reducing Solution

~ Spectra of solutions prepared in the manner described in Part A were.
recorded using a Varian A-60, 60 mc. NMR spectrophotometer. The sample
cavity was cooled to the desired temperature (as low as -100°) by means
éf nitrogen gas which had been cooied by passage through a coil immersed

in liquid nitrogen. The temperatufe was measured by means of a copper-

_7;;¥;éonstantan- the;mocgﬁple which was placed in the ggyity_priog to inserpiﬁg .
i'the sample;’and then removed wheﬁvthe temperature had been measured. In
this way the temperatﬁre qould not be moniﬁored continuously,‘but it was
| estimated thét the temperature varied by #*2° (maximum) during the time
ff.the sample was in the cavity. During the recording of all spectra, the
{b 5£emperature waé.ﬁaintained'at f50 or -60° (60° was used in early éxperi-
"Jf?ments to‘insure that the compound was not decdmposing. In later experi-
Imeﬂts - 50° was used, siﬂcé incrgdse in viscosity of the solutions with
:7 ﬁdecreasing £émperature had to be min?mized); vl
" The entire region. from QOOOvcyclés downfield of tetramethylsilane
'1?”£oléoo cycies ﬁpfield of i£ was scahned. No lines, other than those
' ;"éttribﬁtable:tovwater_or.isopropyl aicohol,* were éver'obserQed; even
3 ; at very high amplitudé (amplitude such that the water peak af its base — T~
iﬁ}iﬂﬁas 200-300 cycles wide; including the large first and second sidebands). _
B 1 Since the'reducing sblution was very Viscous, even at -50°, it was |
v : :;though£.that speétfal peaks might.be more readily seen ian.less viscous

solvent were used. Thus, acidic solutions prepared by diluting 12.1 M

L This wgs believed to have been caused by condensation of a slight amount of
. acetone (from_the cold~bath) into the solution, and subsequent réduction of it
, to isopropanol. - - , .
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HCl to 7.8 M with methanol were used as the solvent in the preparation of

the reducing solutions (the rest of the procedure was carried out  as

' _described in Part A, except for the fractional freezing step which was

_omitted). No unaccounted-for lines were seen, however.

2. Disproportionation of the Reducing Species Upon Neutralization

A room-temperétnre spectrum of'KBHh in 0.5 M KOH could be recorded

: at‘BHg concentrations as low as 0.05 M (Fig. 5). (The center of gravity

of the four peaks is approximately 315 cyoles or 5.25 ppm upfield of HQO;

the coupling constant is 86 cycles.) Because of the sensitivity of detec-

:tion of.BH; in these solutions, a solution which was approximately 1.5 N

_ in. the unknown reducing species initially, would be expected to give an
' observable hydroborate spectrum, if any was formed by disproportionation

"3of the reduc1ng spec1es in a neutralized or basic solutlon Thus, 10 ml

lof a solution which was l 6 N was added dropw1se to llquid nitrogen,

:.formlng solid pellets of reduc1ng agent. These were then dropped into a

cooled NaOH solution (20 ml) which vas 5 M (20% by wt.) in NaOH. This is

the eutectic comp031tion of a water-NaOH mixture, f. p. = -28° 1 The

,Jpellets were then allowed to warm up to the temperature of" the sodium

"*hydrox1de solution,and then the solution was warmed to room temperature.

_An MR spectrum Of'the resulting"solution was then recorded on the A-60

NP ,,.s

| :spectrometer ‘ No peaks were observed This experiment was repeated several

iw»v . -

.times wlth the same results (Note Another experiment for detection of _

: fBHu us1ng Co Was also employed and will be described in a later section.)

3;. Deuterated Solvent

Since the concentration of protons from the water and acid was always

qnite'a bit greater than the normality of the reducing species, the high
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amplltudes used to try to observe peaks due to the latter always made

G

:the water 31gnal appear very broad at the basellne (2002300 cvcles wide)

)

;7: Since peeks due to the reduc1ng species might lie largely beneath the

peak and be obscured by it, it was decided to prepare the reducing solu-

O'eolVent, rather than in_HCl-H‘O; enabling ‘one to scan

2 2

2

the regions under the normal H 0 peak. (Since the D,0 used in the pre-. .
. paration of the DCL and of the solution was only 99. 85 enrlched a peak .

'jidue to water would stlll be expecfed but it would be greatly dinimlshedf':

: ﬂ in size.)

DCL was prepared according to the procedure of Brown and Grootlh

.{<uSing 4 ml of D,0 and 160 ml of benzoyl chloride.

2 . ‘
After purification’ of the DCl by distillation (in vacpo) through a :

”7¥ U-tube immersed in a carbon disulfide slush, the gas was allowed to come
!';jinvcontact with‘}},ml of D O which had been previousl& attached to the

“ffvacuum,line. (It was desired to make 33 ml of concentrated (12 l M)
-lxrsrac1d or 50 ml of 7.8 M acid upon sultable dilutlon ) The. flask con- -~:.
’lz;talnlng the D20.solutlon was_shaken occas1onally.(wh11e attached to the -
2‘#fvvacuuﬁ 1ihé) to.eneed tne éoluticneprocess;? When the_pressnre on the }

"t:manometer in the system stopped decreasing, indicating that little more

DC1 was being taken up, the DEO-DCl solution was disconnected from the

" ‘vacuum line. When this solution was cooled in a dry ice aceton bath, it
‘._froze at about -h0°,~indicating that the composition was not very far from: .
- 7.8 M (the eutectic composition; the slope of the curve of composition vs

T freezing point is very steep near the eutectic point). Thus, only 2 ml

of D2O was added to the solution. The reducing solution was then prepared

in the usual way, except that it was scaled down in quantity. The final

solution was not titrated;'sincc there was not a sufficient amount of

Y
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- solution available at the end of this preparation for this purpose; a
V qualitative test on 2 ml of it showed that it possessed reducing power,
-however. The solution was then transferred to several NMR tubes, the

'_tubes were sealed, and spectra were recorded at -50°. A much diminished

... water peak was seen, but no unexplained lines were obtained.

~ D. B" Nuclear Magnefic Resonance Studies

| ﬁLlNMR spectra were recorded using a Varian Qariable frequency
A‘(VF916) wide-line instrument. Sahples were‘kept cold during the re=-
i cording of spectre, by passing a stream of nitrogen regulated to the
" pfoper temperature over them. (The proper temperature was'obtained bj
’fcombining the right amount of room temperature niﬁrogen with gas which
had‘been cooled by passage through heat-exchanger ceils immersed in a
. dry-ice-ecetone bath.). Temperatures were monitored periodically by

| means of a copper-constantan. thermocouple permanenﬁly placed in the

.. gas stream below the sample tube. -

Spectra of several solutions of the unknown reducing species were
_recorded including 'l) solutions prepared in HCl-HQO solvent as de-

. scribed in Part A (L1.45 and 2.0k N reducing solutions), 2) solutions

2 >

' ':”, prepared in HC1-H,0-CH,OH solvents, where the acid solution was prepared

"5f~by diluting conéentrated'(lE;l g)‘HCl with enough methanol to make the

. ;final solutipﬁ 7.é M (1.66, and 1.72 N reducing solution) vend 3) a
&‘solution made with a 20% concentrated HC1-80% meﬁhanol solveﬁt. In
¥ eeeh caee; a.ver& b%oed eiénalxcould be seen; using high fédibfreéuency
power. _' | _ - | .
,u‘tsinee the epeetrum of'bo;ic acid, into;which-KBHu (and thus probably

‘,fhe reducing speeies) decomposes, also consists of a very broad peak at
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‘these temperatures, chemical shift studies on both the known boric acid

and on the reducing solution, relative to some standard material, had to

be made, in order to ascertain that the peaks attributed to the reducing

species were not.simply due to boric acid. The solutions prepared in the

7.8 M HCl—HEO-CHaoH solvent were the ones studied, since these solutions

'»were thought to be less viscous than the straight HCl-HQO ones, and yet

not so greatly different from them as to cause doubt as to whether the

species belng examlned was the same as that prepared in the usual HC1- H O

.- solvent.

Chemical shift studies on the reducing solutions were made with samples

" ‘equilibrated at -45°. This temperature was used because, 1) a convenient

cold bath (chlorobenzene) could be made and used to equilibrate (and keep

‘ Frequilibrated) the reducing solution, the boric acid solution, and the

‘vfreférence compound, when not in the NMR cavity,‘ 2) the solution was less

:?f'viscous at -45° than at -50°, and higher peaks were obtainable, 3) although

/'f“there was some effervescence,(decomposition) of the sample at this tempera-

‘fr_ ture, it was not intolerabie since the intensity of the peaks dld not.

dlmlnlsh greatly with tlme. Enough redu01ng solutlon was made 1n1t1ally

to fill several tubes, and the ones not in use were stored in a dry-ice

L f: acetone bath to inhlblt decompos1tlon : Durlng the course of the experlment

-;a‘fresh undecomposed sample tube was used to replace the partlally de-

composed one perlodlcally.,

Spectra for chemlcal shlft measurements were recorded using the tech-
nlque of sample exchange The reglon of the fleld containing the peaks
from the reduc1ng solution was'scanned Then, w1thout stopping the machine

or varying the sweep rate after the de51red reduc1ng solution peaks were

' recorded, the sample was quickly removed and was replaced with a pre-
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equilibrated tube containing liquid boron trichloride, which was used as
- ) * :
the reference material. The sample was always exchanged in time to.

record the second and third sidebands of the BClK (the center band of BCl5

“overlaps part of the broad peaks of the materials whose chemical shifts were

being measured, and so this was not recorded. It was because of this over=

lap that the external reference technique (in which a capillary tube of a

reference material is placed inside the larger sample tube) could not be

~used. Use of side bands was also more convenient in this case, however, '

since at the high power being used, the BCl3 center band was very intense,

" and the center of it could only be found with difficulty).

Since ‘the modulation frequency was 411 cycles (i.e., the distance

between adjacent 51debands, and between center band and first s1de band,

'-was hll cycles), the p081tion of the center band of BCl3 could be found.

‘iThe distance between the center bands. of the unknown (or of boric &Cld) and |
‘ faﬁlthe BCl3 (i.e., the- chemical shift) could then be measured, in cycles. The
4':eradiogrequency was 16 23h megacycles, from which the shift in parts per
’”xﬁitmillion could be calculated. The chemical shifts of the reduc1ng sohition'v

. “peaks, recorded at -45° are given in Table II.

‘ The solubility of boric acid in a 7.8 M methanol - HCl solution is

= quite low at -L5° , and measurement of chemical shifts at this temperature |
'iiltwas quite difficult.‘ Thus, before the latter was undertaken, 8 study was

“;T;made of the chemical Bhift of boric a6id with temperature in the hop@ that

o room temperature data for boric acid could either be used directly or

BCl was used as. the reference here rather than BF O(C )2 which is

more conventional, because the shift between it and both the reducing

- species and boric acid is greater, and there is more time available for

the samples to be exchanged.
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Table II. Chemical Shift of Reducing Species N N

at BClB,.at -45° (Cycles) : R

1

478 ’ i ". . ) N
419 S o , : : _
458 Che B e
453 o
- Le7

439
510

513

521

av = U68 cycles = 28.8 ppm

Table ITIT. Chemlcal Shift of Boric Acid vs BCl3 at Various
Temperatures (Cycles)

250 . . 0° o ’ . -p3e . o ,_)450

o 516-5 - A F} ﬁ, o . Z"Ah28'-g- S 337

Chso 38 o396 388

Cmgg o s o s 3

brso o 388 390 L o 33k

. ":5;*7h8l Sl Qi ,;{; » o .g :}EQ?' h55 1  e |
fi-av = h78.-g. vgi“t av = hlguﬂ»:u- o Vo h06 'f Y

390

351

346

300 ’
av =350 cycles =21.6 ppm’

! Table IV ‘Chemical Shift of Reducing Species Which has been
" Decomposed, Recorded at Lo (Cycles)

B S Y S 7

358 e e 3700 T 372 _
398 ¢ T e o3 . o SN
362 S .- 381 . . av = 365 cycles = 22.5 ppm :




extrapolated to‘the.prOper‘value at -hs°, The results of this study are
given in Table III. 'A trend of decreasing shift uith decreasing tempera-
; ture was indicated from results at +25°, O°, and -23°, although no linear
':ﬁdrelationship between shift and temperature was apparent. Thus it was
yi?deCided that only data which could be obtained at -45°from boric acid 1
f_ticould be used. . These are also given in Table III. |
';',Finally, the unknoun.reducing solution was allowed to decompose com-
i pletely hy'warming-it‘to room femperature, and then, after all effervescence
o had ceased, 1t was cooled to —hj agaln Spectra were recorded and the
Qichemical shifts measured The results are given in Table 1V. |
(Note The data given here are consistent within themselves since
;;they were measured under s1m11ar condltions, on the same instrument Care
fdmust be taken in comparing these values with those in the literature,A
iﬁhowever, since shifts vary with the env1ronment (solution) of the spec1es
7fbeing examined, as Well a8 (apparently) the temperature ) Because of

the broadness of the peaks the values given are estimated to be accurate':'

only to +2 ppm. fﬁgﬁ;

E:ﬂéheduciné.Soiution from hihorane
v;{quiinvestigate the poss1bility that potassium hydroborate might
JconsiStiof or have passed through a borane intermediate in forming the
-unknoun reducing species, an attempt was made to prepare an acid reducing R
solution beginning w1th diborane, B H6 | :
- Diborane was prepared according to’ the‘procedure.of R. Schaefferls, -

_by the reaction of potass1um hydroborate (l 08g, .02 moles) with 8%
phosphoric acid to which sufficient Pho had been added:to react with

all the water present V. P of the final product - 225 mm at the

temperature of melting CSQ”(allE ).
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| Tne:dioorane wés‘allowed fo“remain in contect with approxinetely'
2 ml of & 7.8 M solution, whlch had been cooled to dny-lce-acetone-
temperatures, for 8 hours.
- The excess gasc were pumped off (1n case unreacted B H6 persisted
1n the system), and the HCL solutlon was disconnected from the vacuum ‘:

llne. More than Y nl of a precooled iodine solution (approx1mately

0. l N) was added to the cold acid solution before the red-brown color ' .

of the 1od1ne persisted, 1nd1cat1ng that a reduc1ng spec1es had formed "‘ ‘

in the solutlon as-a result of lettlng B H6 come in contact w1th cold
7 8 M HCl. .

.. F. Trimethylamine Adduct-Attempted .
¢ Preparations dnd!Isolation

Since there was a poss1b111ty that the unknown redu01ng species was ﬁf
a BH2 (or aquated BHé) 1on,‘and since “the trlmethylamlne complex of BH2
is a very stable materlal at’ room temperature and dbove, even 1n strongly

ac1d1c solutlons,al'attempts were made to prepare such an adduct from the

e . 4 b

reduc1ng solutlon. L-,J.; IO . _ |
Thus far, [ (CH3) N]EBH2 has only been prepared in hlgh-pressure an-{i}:
jgrhydrous reactions, or in anhydrous organic solvents.' (The materlal 1s -
fjoften recrystalllzed from aqueous solutlons,8 however, in vhich it is

'; qulte soluble end stable ) Thus the feas1b11ity of thls method of pre-
1;paration of the bisbrlmethylamlne adduct of B 2, even if the BH2 species.x s
-'dld exlst 1n the reducing solution was not certain. o |

Since trimethylamlne readlly forms the quaternary trimethylammonium ‘f

{, chloride salt in HC1 solutlons, the solutlon of the reducing species had

to be neutralized ‘before the trimethylamine could be passed in.
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': The ac1d1c reduc1ng solutlon (200 ml) was prepared in the usual

manner, except that 12 1 M HCl which had been diluted to 7 8 M with methanol '

was used as the solvent (to keep the solution from freez1ng during neutrali-,

”1t’zation, as little water and as. much alcohol as possible was desirable)

‘ Phenolphthalein‘1nd1cator.was added to the final solution, and the latter -

was"titrated with an~approximately 8 M methanolic KOHnsolution, slowly
--enough to keep the temperature of the solution below -50° at all times.
(This required 4 to 5 hours ) When the solution was first slightly basic

(pH 8), gaseous trimethylamine was. passed 1nto the fhask, with sw1rling,

for about 10 minutes.

The solution was then warmed to room temperature, while maintaining

a slow flow of trlmethylamine When the solution reached room temperature,

.2,

3 the trlmethylamlne flow was stopped The white prec1p1tate (probably KCl)

f whlch had formed in the flask during the neutrallzatlon was filtered off{ .

’as ».,.‘.

,‘,

when the solution reached room temperature,and dlscarded (The adduct is.

B

b -.K A( PR
K «“?_ v

very soluble 1n water ‘8t room temperature and w0uld not have been precipit-"
ated w1th the mass of other materlal ) The alcoholic flltrates obtained ‘ﬁ'
were then treated in one of two ways. _lv ‘. | : ‘ .

l) The flltrate was\b01led down to 75 to lOO ml (to remove all the

alcohol and some of the water) More white prec1pitates settled out The};

fsolution was allowed to cool to room temperature and the supernatant liquor

was then shaken w1th a volume of methylene chloride which was double the

".ex1st1ng volume of solutlon The methylene chloride phase (the lower one)

was then separated from the Q‘phase system in a separatory funnel, and was’

drled using anhydrous sodium sulfate The solution was filtered (by gravity) -

i;1-and-then boiled down to a very smallavolume.(es ml). The rest of the sol«-

vent was then allowed to evaporate in air, at room temperature. Infrared
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‘VSpectravof the resulting solid, as well)as of the‘white precipitate which -
‘thad settled oﬁt‘upoh concentration of the aqueous‘solution, were recorded.‘
tffoComparison of these spectra (see Figs. 6 and 7) with one taken of a known a

t sample of [(CH ) BH+I- (Fig‘AS)‘did not'reveal the presence of this N R
adduct in any of the solids obtained from the reducing solutlon. (Inp ’ l*
Ew_fpartlcular, a peak at U mlcrons which appears in the spectrum of the |

-+ known compound, and is typical of the B-H stretching mode, was absent

.

in.<from the other spectra )

-

2) The filtrate was b01led oompletely “to dryness, and the resultlng
. SOlld was powdered and shaken with 200 ml of methylene chlorlde. Ther

'mrsolutlon wa.s drled w1th anhydrous sodium sulfate (to remove any excess

“A;;lwater in the solld from the b01led~down solutlon), flltered and evaporated

:?;pﬂto dryness as before.-_A very small quantlty of solid material was obtalned,"

but again, the infrared spectrum:did not coincide with that of the known

* . ‘compound.

6. Attempted Detection of a B-H Bond by Hydrogen '
' Evolutlon ' :

Slnce onLy a small amount of the [(CH?) N]2BH Cl™ adduct might have B -,5*‘

‘i.;been formed by the procedure in Sectlon ¥, among the relatlvely large .

'V~fquant1ty of salts, an 1nfrared spectrum may not have been ) sen31t1ve

g enough tool for detectlon of an adduct.' Tt was dec1ded that since the

”1(adduct could not be readlly separated from the other salts (if it was
’present), a test would be made to see 1f the presence of a B-H bond ‘-:“:”/ﬁ' o

-, could be detected among all the sollds. | |

The blstrlmethylamlne-BH complex is extremely inert (as was mentioned “

2

prev1ously) and it is reported to be recoverable from a solution of concen=

. trated sulfuric acid whlch had been heated at lOO°
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- It was decided that since the compound must decompose eventually,'

- the hydridic hydrogens attached to boron should liberate hydrogen gas 5

‘ “f{ when the compound was decomposed in an acidic solution. Accordingly, a

sample of the solid, obtained by boiling down completely the flltrate

fprepared in F, was. added to- conconirafod sulfuric acid and inserted in
: a tube such as that shown in Fig. 9. To determine the feasilibity of
‘the method, a sample containing 25 mg (0.1 mmoles) of Xnown [(CH )5N]2BH2I
was added to approxlmately 10 ml of concentrated sulfuric acid in an
ig‘_identical tube (the volume of which was approximately 4O ml). Both tubee"

" were evacuated through the left.arm of the tube end were thenvheated at

approximately 70° for several hours, until the pressure in the 'system was

: oniy several microns (tﬁe BH; adduct would.not be decomposed.- at thesev
-'temperatures,and thevHCl and other gases generated when sulfuric acid |
d was added to the crude solid from the reducing solution'n”had todbe
f."removed before'the tube was sealed.) The tubes were then sealed under
.E;ivacuum and heated at 240° for'lo hours. They.were'then cooled and con-
i nected to a mass spectrcmetier. lThe bresk-seal was broken and the mass
éﬂf%dsoectrum'of ohe gases in.the ﬁube were recorded. No hydrogen was found '}
:T'oiln elther tube. (Nooe' There was'a'more-than-sofficient.emounf of the
“*:known material in 1ts tube to’ glve an observable hydrogen spectrum if

T‘j;1t had decomposed to form hydrogen. )

VH.' Spot_Tests for Hydroborate

It was de51rable to know whether hydroborate could be regenerated

'7 >from the’ redn01ng uOlUflOﬂ by a disproportlo"a*ion reaction. The MR

"detectlon of the presence of hydroborate ion has already been discussed,:

and 1s good for coneentrations.as low as 0.05 M. A more sensiéive de~
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'!tectioh methodlwas desirable, however, and spot“tests with cobalt (II)
fand nickel (II) ions were used | d | ‘
It was found that a 0.1 M solutlon of Nl or. Co++‘ion could.detect.>~
?concenuratlons of hydroborate ion as low as 3X10 3M in a8 0.1 N NaOH o
'solutlon. “The Co or N1++ solution was added to an equal volume of
?the solution being tested. ‘The hydroxlde of _Co++ or Ni++ precdpitates '
i;at.first, but after ahout a minute an opaquerblack slurry {(possibly coh-
italnlng the nickel or cobalt borldes) results. This dlsappears shortly
thereafter and hydrogen evolutlon is. noted. (A blank sodlum hydroxide |
solutlon may glve a -brown prec1p1tate due to alr ox1dat10n of the metal
'iflons, but the black opaque prec1p1tate forms only when BHh is present. )
‘ -‘When th1s test was applled to a solution prepared from the low
>hitemperature neutrallzatlon of the reduc1ng solutlon, no blacx prec1pitatef

»was obtalned.;G

I. Boron Analysesdlr

Sy

l.ffSOIubilitylof5H3B05?inALow‘Temperature Acid Solutions

lgi}f;gidhepéram af'géflé acld uas dissolued in 50 ml of 7.8 M‘HCl and the
gfmlrture was cooled to -50 in a dry—lCe acetone bath. Much of the borlc
'}gac1d prec1p1tated out after allow1ng 1t to settle, lO ml of the clear
,isupernatant,llquor wa.s plpeted-lnto a 250 ml’ prewelghed fllter flask.
}The solution was allowed to warm to room temperature and then the solventt
1;was carefully dlstllled off at reduced pressure at room temperature ' The‘ufh
;;flask was Weighed agaln and found to contaln 0: OEOg of H3BO (The pro-ap
'A-cedure,was repeated and_found to be reproduc1ble.)_ Since the solubility_
'?Vof_boric acid was‘only .02 g/10 ul of‘acid'solution, dt was decided that

a boron analysis on a reducing solution of known volume and normality



: could be used to determine the ratio of the milliequivalents of reducing:

" species to mmoles of boron in the reducing solution.

2. Analysis of Reducing Solutions Prepared as in Section A.

Freshly prepared samples of reducing solutions were titreted; and

.l,_vkncwn volumes of them were ellowed to decompose to boric acid. The
solutions were then analyzed for boron content, according to the method f: 3
‘? of Cornerl6’(a procedure involving the use of mannitol). The results of.l
~ these determinations are given in Table V. ' To test the accuracy of the J»

method, the procedure was run on two samples of known boric acid content:

Wt of H5503 T 3 ﬁ Wt of ngoj - | |
o analyzed = = ~ found - % error
Mol . 0.5008g  o.kge0 o 1.8
"No.e ) 0.8098 ¢ . - . 0.195 o 1.8%

‘"m‘;ij Analxses of Reducing Solutions Prepared from Methanolic-Hydrochloric
L “Acid Solvent ‘

Freshly prepared semples of reducing solutions, prepared in methenolie -

o ~1hydrochloric acid solvent (made by diluting 12.1 M HCL with sufficient
) /,fmethanol to make the finel solution 7 8 M in HCl) were titrated, .and known :
4'tﬁrvolumes of them vere allowed to varm up to room temperature and to decom-‘ |
d“éﬁipose to boric acid. The solutions were then cooled to dry-ice-acetone -
x?temperetures again, and were filtered throngh a fritted Hirscn funnel
'a:;y(small aliquots were filtered qnickly with the}usevof suction to avoid
gig;"%warminglof the-solutlons es nuch s possitle;) The filtrate was then
discarded, and the solid (borlc acid) was transferred to a 250 ml beaker
(by removing as much solid as possible to the beaker with a spatula, and

" then slowly fi]tering deionized wator through the frit to remove solid



 Table' V. -

mmoles of B © original volume ° = mmoles of B . meq. of reducing ' mquml
in sample¥* " of samples “*  in sample, agent/ml of un- mmoles
- (found) S . (m1) - - corrected for decomposed solution B/ml
ST Cono o Tt e borie acid : (V)
" content

Run No. 1 10.854 . - 220 © 1005 160 3.5
RnFo. 2 SAST . 1ho L

Ran Wo.3  9.260 . . 190 T o865 1309 2.9

S T0e

Uncorrected for solubility of boric acid = .02g/10 ml = .032 millimoles/ml
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"clingingito_the pores; and transferring the filtrate to the beaker also).
" The solution was then analyzed for Boron according to the method of

' L}”Corner.l6 The reéultsléf these .determinations are given in Table VI. -

Table VI
. mmoles of B = original volume meq of reducing meq/ml © -
. in the sample : of solution (m1) agent/ml of un- mmoles
decomposed sol'n  B/ml
ST SR . 13.584 ) 32.0 : 2.03 : 4.78
co2 7635 32,3 | 1.05 b bl

J. Extraction with Ether

f“If the reducing speéies consisted of a non-polar species, it would

.zifbe,expeéted to be solublérin ether. Thus, a freshl& prepared reducing
"Jéblution was shaken Wiﬁh a‘co;d ether solution several times. (The
L ;f'éther had;Beeﬁ disﬁilledifrom sddiﬁﬁ:to eliminatelperoxides;) The ether
' -.€iéyérlw§sithén sépéfatedvoff frpm thé solutién, andfa cold solution df  ,
'.7,;i§dine}iﬁ'§thef‘was added}drépWisé;'”ane éfvﬁhé iodinie coiof disaﬁpeareq;}~ ‘

'z"dhowe&er; indicating that the ether sblutionléontéined nQ feducing speciés,,ﬁ*

K. Stability of the Reducing Species

"‘ '_ﬁf Effervescence of the reducing solution was observed at temperatures -
-ffgjas’lew as'_gga, indieaﬁing that the selution was evelving ﬁe slewly at
7 “‘these ﬁemperatures and decomposing. (At -60°, this_effervescencé was

. not obserﬁed.) -

Yields of the reducingvmaterial were greater when a stream of nitro-

' gen was passed over the solution during preparation. A solution kept'at

-78° in a flask purged with nitrogen had lost only 15-20% of its reducing



power after 30 hours. A sealed ampule of reducing solution, opened after

 four days, had only lost 19% of its reducing power during this time.

its lifetime can probably be prolonged by storage and use under an inert .

Thus, the reducing species is probably sensitive to air oxidation, but

- . atmosphere 'such as nitrogen or argon.

"from Metal Hydrides, Inc. (One reducing solution was prepared with NaBHh

L. Materials

The potassium and sodium hydroborate used were reagent grade (97

and—98% purity, respectively)-and were- usually used directly as received _ _ .-

~ which had been recrystallized from isdpropyl amine however . 'A'typicalb :

reducing solution (1.38 g) was obtained, indicating that reducing power

Aofvthe solution was not due to any impurity in the starting material.)

- The sodium and potassium Hydroxide, sodium thiosulfate, anhydrous sodium"‘_:'

d;.sulfate, boric acid, mannitol, hydrochloric acid, absolute methanol,

Hkt'phosphoric acid and phosphorous pentoxide used were all reagent grade

~-chemicals supplied by the Baker and Adamson division of Allied Chemical °

:7 Corporation The sodlum 1odlde was Supplled by the same company but was

USP grade (pharmaceutlcal quallty) Benzoyl chlorlde, ‘and iodine were

. jMalllnckrodt Analytlcal-reggents. Dgo; 99785%, was supplied by the Bio .

" Rad Laboratories. The'gaseoué trimethylamine used was supplied by the

. Matheson Company. The samPle of known (C )z N BH I” was supplied by
32 '

" Dr. Arian Norman. ﬁ

" NMR tubes used for the A-60 NMR machlne were standard 5 mm Varlan b

o tubes Those used for the B" work conolgted of standard 9 mm pyrex .

& tubing with one end sealed off.

Infrared spectra were recorded on a Perkin-Elmer Infracord Spectro-. -

‘photometer.



"- used initially to the -60° now used, had a profound effect on concentra-

tion. '(Since later studies éhéwed that the solution effervesces at -h5°,
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A JIT. DISCUSSION AND RESULTS

A. Preparation and Analysis of Reducing Solutions

A large amount of the potassium hydroborate consumed in the prepara-

-tion of the low temperature reducing solutions does not go into the

formation of the reducing species. Instead, it is probably hydrolyzed

lcompletely, according to the reaction

- + .
BH), _+ H + 5}{20 - 1{5}30 + MHE

b,

.'Finding a procedure which yielded reducing solutions.in concentra-

" tions as high as 1.5 to 2'3 poéed a problem at first, since cencentra-

‘tions of only about 0.2 N were generally obtained when the reaction was

Tirst discovered. Since NMR and other studies required the use of more

.concentrated solutions, an investigation of conditions necessary for.

preparing more concentrated}éolutions was undertaken.:‘It was found that

a 10° to 15° decrease in the preparation temperature, from the -L5%r -50°

\

‘3“indicating SOmé'thermaiwinstability and décomposition'at these tempera- .
.' ftures, fhis ié nbt’unréésonable.) Although the neces#ity for partially o
 ffrgeziﬁg the solufions before filtratidnbhas not been poéitively demon-
"étrated, ¢oncénﬁrationé of greater than 1.4 N have never been obtained 

. where this teclmique was not employed. (Where alcoholic 7.8 M HC1 was

- used, high concentrations were obtained without‘freezing, but other

. effects mighf be responéible for the increase in concéntratioh.) The

flow of cold nitrogen appedrs to be beneficial in forming more concen-
trated solutions, probably because it helps to insulate the solution

from the warm air above it, as well as to keep away oxygen, which appears
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:to have a detrimental effect on the reducing species, away.
The use of aﬁ acidic iodine solution'to'ﬁeasuré the.réducing power

of these solutioﬁs was found to be satisfactory since 1) the reduced L V“'
”form (I7) is colorlesé while the ﬁnreduced form (I2 or I;) is highly |

_colored, (and.thus{ the transition can be easily observed), 2) the I;

complex is soiﬁble in cold 7.8”M HCL solution to the exten£ of at least

0.1N, permitting the reducing solution to be titrated with a cold solution;  4
‘ na thus prevent warming and'décomposition of the former, and 3) the |
iahalysis procedu?e is siﬁpié.to uséjffanfértupétely thefe are éigb_twé
drawbacks in the use of the iodine solution, naﬁely 1) reaction of the .

“ilodine with the reducing species is slow near the end point, and lengthy

persistance of the iodine color may cause one to.believe that the end

point has been reached when® this Is not fehliygtHEAEééé;';EEH_Q)__%hé'
sodium thiosuifate used to'standardize the acidic‘iodine solution de-

- composes atla moderate_fate in acid solution; thus care muét be taken to

,;Aswirl the solution.vigorously dgriné the’titratioﬁ t§ avoid g.local

"~ buildup and subsequent14¢¢omposition of the thiosulfate..

» The results obﬁained with the iodine method appear to 5e reliable, "
;hgwevgr.T The‘results“weré.vérified by measuring:the hydrogeﬁ evbiution
'h;;from déc;ﬁpositiéh of é kn0wn'volume of‘solﬁtion‘of kpowﬁ normality. ’As 
‘. £ one would'exﬁect, t&ice as many'equivalents'of réducing agent were ob-
served as,milliméiesiothydfogen liberated for the same volume or:weight
of $plﬁtion. (Thét thié_must bévgo can be seen from éohsidering thé

following three equatigns, which repfésent'pbssible hydrolysis reactions: -



e o ' ‘ g
B_Hl}..f_ 5,0 + 1 = H, B0, * bt

By % OH0 o HB0, + OH,
B+ 3.0 : LB, +2H, +H
: ‘H2f .? 2 ‘_*a 5805 H2
In each case there are. twice as many electrons transferred (8 6 and
L h,‘respectively) as moleculer of H, preduced (h 3, and 2, respectiveLy) ]_

The equations for the 1odine titrations are

BH,:'-F',hIg + 5}120 —>'H5B05 £t + 121"

BH; + 21 + el 0 - HyBO, + 5H' + 617

'”;Sincemthe hydroljsis reaction:for tne reducingispecies”occurs to an’ob;.;
'iservable extent only when the temperature of the solution is abcve about -
{'hi-h5 ’ the titration reactions occur essentially exclu81vely when a coldnt:
' }?redu01ng solution is titrated with a cold 1od1ne solution. | | '
(Note. To get 8 rough Jdea of the % yield of reduc1ng soec1es,
| “;consider the following~i Since 8g (0.148 moles) of KBHh were used per :
7100 ml of solution, - N solution of reducing species would represent :

j}"a yield of 35 8% if the species were BH2, or 22, 5% if it were BH3 )

B{: Nuclear Magnetic Resonance Studies

i

In. principle, B" and proton NMR' spectroseopy are the most powerful'

e?'tools available for elucidating the compos1tion of the unknown reducing
. species. If the fine structure of the B" spectrum can be observed, _~:
: (2n+l) peaks will be seen,_where‘n is equal to the number of hydrogen”

atoms bound to the boron nucleus.



Measurements had to be made at -50°, where,‘unfortunately, the
.vrsc031ty of the solvent was qulte hlgh Increased v1scos1ty causes
‘more fac1le relaxatlon processes, whlchvleads to broadenlno‘of the
spectral llnes.h In the dase of EL spectra in partlcular, the peaks are

also broadened because of the effect of the electrlc quadrupole moment

of boron. Slnce spectral-flne structur 'bannot be observed when the

line w1dth 1s greater than the couplln onstant of the materlal no

1f1ne sturcture was observed 1n?the?hLlspectra of the redu01ng solutlon

'(Coupllng constants for B-H coupllng are typlcally 120 cycles, while
"the observed peak was greater than lOOO cycles w1de ) From the fact that
- 8 peak was observed at all however, one was able to conclude that the

,‘ v

solution contalned a boron spec1es Chemlcal shlft measurements of the

,Treduc1ng solutlon, as well as of borlc acld w1th reference to- BClB, were - -

”'._then made, 1n order to prove that the boron specles observed 1n the re-
. f‘duc1ng solutlon was not simply dlssolved borlc ..... acid.- Slnce the

'data showed that the chemlcal shift of the. reducmng solutlon was dlffer- o

1?ent.from that of.known boric acld it was concluded that the reduc1ng
pec1es contalned boron and was dlfferent from borlc acid. From the
. relative shlfts It was also noted that the peak of the reduc1ng solution |
‘“~lay upfleld of both borlc ac:d and boron trlchlorlde.. Spectra of a re-.‘

lducmng solutlon which had been allowed to decompose were then recorded.

bf~vChemlcal shift studles 1nd1cated that the value of the shift, within

experlmental error, was the same as that for boric aCId. Thus, it was

"Q'concluded that the reduclng species ‘decomposes into borie acid on warming.

Attempts were made to reduce the'v1sc051ty of the solutlons by using
partially alcoholic solvent systems, but these die not vary the lines

appreciably, and splitting «till could not be observed.

-
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Since ﬁJ‘has a.nncleaf spin of 3/2, its‘interaction with hydrogen
'.atoms attached to it would give a proton NMR spectrum containing four
;equallyfspaced equal-sizedApeaks. Such was the case vlth a solutlon of»:
KBH# in KOH at room temperature. No such peaks'were observed with the
- cold reducing solution however, even when it was prepared in an alcoholic-
::HCl solution. | |
Since KBHu is a symmetrical molepule, where quadrupole effects are
o unimportant, one would not expect other B-Hvspecies with unsymnetrical
stfuctures to be seen as readily, particulatly at lower temperatures, where
~the proton-boron interaction would be greater and the peaks broader.
'?roton‘NMR spectra.Were then recorded for a solution which was 0.8.§
in [(CH3)3NJ2BH; 17, an unsymmetrical molecule containing a known B-H
ﬁ{bond.v Cold 7.8 M HCl was used as the solvent, in order to duplicate con-
lditions of the reducing so]ution spectra as closely as possible} The ex-
pected four equlvalent peaks were not observed, however.' Even‘a»room

'ltemperature 2 M solution of this compound, in 7 8 M HC1, did not yleld

,'J"the expected peaks. In llght of this, 1t was not too surpris1ng that

spectra of the reduc1ng solution did not show these peaks. Rapid exchange

4:1:tbetween the hydrogen atoms attached to the boron and those in the solvent

%lﬂfis a possible explanation for thls behavior. [(CHB)BNJQ BH I is

'ﬁfffextremely inert,8 even in very strong acld solutions at elevated tempere.-

tures, implying that there is little hydridic character in the boron-

v; bound protons.‘ In addition, the work of Jolly and Mesmer,17 indicates

. that the hydridic hydroborate ion, even in basic solution, exchanges

" soméwhat with the protons in thelsolvent. The rate of exchange increases .
with a decrease in pH, indicating acid catalysis. Thus, it is quite con-

: - . +-
ceivable that the protons attnched to boron in a species such as BH2
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miéht ekchanée rapidly with the solvent.
4_Since spectra usually are recorded at high amplitude.ﬁo'enable the ex-
. pecté§ small peaks due to the B-H interaction to be eeen, tﬂe width of the
. water peak'at the baseline (including the large first,sidebande)'was often
‘severel;hundred cycles wide. Since the expected_peeke ﬁigﬁt lie in thisf’ o
regien (at least in part), a reducing solution~wes made,ﬁsing D,0-IC1 |
in plece of ﬁhe H20~HCl solvent. The HQO peak was &e%y.ﬁueh diminished
.j(there is a small amount of HEO present inlehe DéO), bﬁt again, no group
of fourvbeeks was observed. This data points further te»tHE‘ﬁpssibility “*ff9“”>
of an exchange reaction (although broadening due to increaeed viscosity
- might also account for the same pgenomena )
The spectrum of a room temperature sample of BH, (in bas1c solution)
—- _————4j7 r"4¥jean—ea31iy-be~seen7~eyen—ww%h-BHHweoneentrat1onswesjlow_as_Q¢05h§f(pgg@gL_ B
ably for two reasons: l)_Becauee BH;‘is.a symmetfie ﬁoiecule; end quadru=
pole effeets would not be important and 2) in basic solution BH):does
not exchange very rapidly;l7 When the spectrum of the solution prepared
eby plunglng pellets of reduclng golution 1nto cold sodlum hydroxlde ( lO
u: to -20) was recorded, no BHM (or other B -H specxes) was observed indi-
e-catlng that the concentratlon of BHM was less than .05 M and possibly
HV;that none was formedﬂ The latter 51tuat10n 1mplies that dlsproportlonatlon
‘Hef tbe rédueing‘specieS' to pydroborate and boric acid upon neutralization
}does”not occuff o |
The spotntests with Coi'ﬁ+ and Ni*+ also indicated the absence ef BH:
in the'neutralized redueing solution, (Tests which were sen31t1ve to

_about BXlO 5M BH) were used, but no BHL was found, )
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EATRIERE

{ C{p-Chemical‘Tests: ' Diborane Reaction, Ether Extraction

?.When diboranelcame in contact with cold 7.8 M HCl, a reducing specles _
.?fiwaS'formed.“This indicates that the unknown reducing species whose com= |
i;ﬂ;‘poSition‘we are trying to determine; might consist of or have gone through;f.
"”{.a.hOrane intermediate. H | | o
L 'If'the'unknowniconsisted of a borane intermediate however, one might';
'.ff;:e*pect it to be extractable into-ether. .This was not'found to be the
bzliacase., One cannot eliminate the BH7 composition on this basis however, \
rh'isince the possibility of extraction into ether would depend on the rela-fl_';
“ffftive strengths of the solvent-solute 1nteraction (i e., the distributionrj?t.

}{ﬁw:.coefficient) of, BH3 with respect to each solvent.,

D. Boron Analyses

" The results of the analyses of boron content in 'a cold, filtered

:'ﬁ;tlsolution of reducing agent are consistent with 8 BH2 composition, al‘

B v N

;“j}czthough they do not point to this with certainty. The ratio of the milli~'ﬁ"
' j%ﬂ{;fiequivalents of reducing agent. to the millimoles of boron gave values of 13:\

. ”‘ij to Y for the aqueous hydrochloric acid system, and values between L

1and 5 for the alcohol acid system. Since the results in the former case’
lmight ‘be somewhat low, and those in the latter case somewhat high, a.‘
:ratio of four seems likely This means that the ratio of hydrogen to Q;:.
;téboron in the reducing species ig two.;‘? ) ' o B
- The results obtained for the ratio in the aqueous acid swstem may
?\pbe somewhat low because there may have been excess boron present in the d‘
v‘?vsolution (due to supersaturation of the‘solution with boric acid) The |
efcorrection used for the,solubility of boric acid would then be too small,

‘ngiving a value for the ratio which 1s too large.“ (This supersaturation
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ft:consideration is plausible since the solution is viscous and precipita-

E ~ tlon would be inhibited. In addition, boric acid does not precipitate

from a reduc1ng solution which has been allowed to decompose, untll the

11
temperature is qulte hlgh (perhaps —20 ) Finally, B" spectra could be

rirecorded for boric ac1d when a room temperature solution of the known

- compound was cooled to - 45°, where its solubility is quite low.)

"The results obtained for the ratio in the alcoholic acid solution

may be . somewhat hlgh because of losses 1n obtaining the SOlld bor1c acid

,:
{
‘

to be analyzed. The technigue. used'for analys1s of the alcohollc solu-

tlon 1nvolves prec1p1tation of the boric acid, filtratlon, and analysis

of the solid.. It is poss1ble that some of the solid may have been washedly

through the filter and not have been analyzed In addltion the alcoholic‘

solutlon may have warmed suff1c1ently durlng filtratlon, to dlssolve more}

d3BO than would be soluble at the original temperature of the reduc1ng

solution. As a result the boron content whloh was’ found mlght be low and

the ratlo of hydrogen to boron, hlgh

Thus, the average of the values obtalned fOr the ratio by the two

methods, would be about h the ratio of hydrogen to boron would be about

2 and the composmtion would be BH2 Because of the magnltude of the _"

dev1ations of these values from the mean, however, it is felt that one"

cannot conclude with certalnty that the unknown species is BH2 Rather,

one can say that this compos1tion 1s con51stent W1th the data.'

1

j E. j o imethylamine Addu,cﬁt ‘: »

Slnce the unknown spe01es m:ght be aqueous BH2, and since the known

bistrimethylamine complex of BH? 1s stable at elevated temperatures,

‘L;even.in strong'acids and 10% NaOH, the preparation of this complex from



i;the reducing solution was attempted [(CH?) NJQBH I" has never been |
f{prepared in aqueous solution however, organic solvents or high pressure
a;techniques usually being invoked. Thus’the feasibility of this_experi-ii
fment was somewhat uncertain. | | B
If the complex'can indeed be formed by passing trimethylaminevinto n
éga coldrneutralized solution of the reducing sgent, other problems‘arise
.E-in the detection of such an adduct. Huge quantities of XC1 from the_
t 1neutralizetion, as well as excess NaCH, end probably someiboric acid and_tf
4t'<trimethylarrmio.nium: chloride as well, are formed. ‘Since the adduct would -
'be present in small qusntities, and is soluble in water, separation wouldA
i:be extremely difficult. Some attempt was made at separation, or at leastl;
;:concentration, of the adduct by extractions with methylene chloride, in"”ﬁ
1;which the adduct is reported to be soluble.8 An infrared spectrum of |
';the solids obtained by boiling the methylene chloride solution to drynessij
l:were recorded and compered with tha+ of the known adduct (see Figs. 6-8). :
43A peak at h microns typical of the B-H stretching mode, ‘was absent in +hef
_Kfunknown solid, however.' i.,' | _ p | A R | ‘ .
i’ The attempts at isolation of the solid by the methylene chloride ga
iaextractions may have been unsuccessful for the following reasons. Ex= :h;
2:traction of the adduct from an aqueous solution into methylene chloride‘
éidepends on there being a high distribution coefficient between the two gt
fyleyers, which is not necesserily the case.v Extraction with methylene
"chloride /of the s;]jd formed from completely boiling down the alcoholic
solution, although offering the possibility of more success if the adductfﬁ
is present, also relies on the fac+ that the sdduct is not destroyed on
boiling the,crude bulk solution to dryness., Since a proton NMR spectrum

vlv indicates that the known solid complex may decompose'upon warming to 60°



:. concentrated and boiled to dryness, since excess Ne,OH -is .present.

;ﬁ2; "'

“.in‘hO% Na.OH, this change could also occur as the bulk salt solution is

‘%Attempts at deﬁonstrating the existence of a B-H,pand in the bulk’]‘fA"i‘

zglfof material obtained by boiling the neutralized soluticn to drYnesé We?e}“;% |

.;félso unsuccessful. Neigher a known cample O} the adduct, o the crude .
;’bulk of material just mentioned, when heated in concentrated  su1furicv.:,

. acid at 240°, for 16 hours yielded any hydrogen. Thus either the cone;vtai; 3

" ditions for destruction of the adduct were not severe enqugh,'or the

G W SOV DU DY S

?i hyd£5gEﬁ~afohsraffaéhéd+€6"boron are non-h&&f&&ié;éﬁd;ﬁiilmﬁ505£“iéaéfd
“ffywith acid;té produceahydrogeg,_,

t



© IV. SUMMARY

" An attempt waé'made(to identify the reducing species formed when

", potassium hydroborate is added to a cold hydrochloric acid solution,

‘after procedures for preparing fairly concentrated solutions and analyz- -

"'Ting them had been worked out and checked. BllNMR indicated that the ' -

| i species'contains boron, and that'it resonates at higher field than eitherﬂ—t

" boric acid or boron trichloride. Proton NMR studies, including the use

.\ of deuterated solvent systems, as well as methanolic ones, revealed no '

~information about the compound, but indicated the possibility of ex-

change of ‘boron-linked hydrogens with those of the solvent. It was then. ﬂ”

“'i“found that a reduc1ng solution can be synthes1zed from cold acid and

'“ﬂ:pfdlborane, 1nd1cat1ng the p0531b111ty of a borane intermedlate in either '

;thhe formatlon of the reducing spec1es or as the reduc1ng species 1tself. ’

"ijblsproportlonatlon of the reducing species to hydroborate and borlc acid

“"[fcould not be detected. _The reduc1ng materlal was found not to be ex-

‘H5tractable 1nto ether in any appre01able quantity. ' A boron to hydrogen:

.' *f'analy51s on the unknown reduclng species wa.s consistent with a RHQ

';Fcomp051tlon for the unknown, but ‘there is some uncertalnty associated with

'*iﬂvthe results. Finally, attempts at preparation Of a [(cH )5N]2

“”-ﬁtﬂspecies from the unknown.;i reduclng species, and subsequent isolation A

‘fnor 1dent1f1catlon of the compound were unsuccessful..

te

It seems possible that the unknown msterial is a BH2 species, but

T.until better procedures for preparatlon and 1solation of a stable adduct

'_acan be worked out, the questlon remains unresolved. |
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APPENDIX

v':‘ Investigations of an Unstable Yellow Tln Compound "“ﬁ'

Stannane, Sth, can be prepared by addition of a stannate (II)-

: hydroborate solution to 6 M hydrochloric acid at 0°, according to the

-reaction.,“

_ . | -
A b(HSanﬂf SBHu + TH + H20 ~ bsnH), + 3 HyBO,

iiﬂ(where stannate (II) ion is prepared by slowly adding a solution of

%5;stannoun\chlor1de to a solution of potass1um hydroxide)

© As soon as the stannate (II)-hydroborate solution touches the acid

‘?-solution, a transient yellow solid is formed.. It 1s‘likely that this fﬁ;i'

1Efyellow material is an intermediate in the formation of Sth from Sn(II):vf'

7@ﬁand thus 1ts composition was ‘of 1nterest

Before the yellow spec1es could be studied, however, it had to be’

ﬂ}istabilized for longer periods - of time It was ‘found that if a 7 8 M HCl : ﬂ_

“’}fsolution was used in place of the 6 M one, & temperature of about -88°

7‘fi£could be obtained before the solution froze (7 8 M corresponds to a

'ji;material was found to be quite stable at temperatures of about -h5°, per-t,,i"

?idﬁeutectic composition of the hydrochloric acid-water system) The yellow

'wfsisting for at least several hours at this temperature, w1th no apparent o
darkening It was also found that the material could be perpared in air,::ﬁjﬁ

a8 well as’ in vacuuo._ K

. The yellow material forms a suSpension in the cold acid in which it

'f.is formed and early attempts to collect it by filtration were unsuccesse -

" ful, due to Ats high viscosity Methanolic acid solutions were also used

‘:Ain an attempt to make: the aolu1ion less viscous and more filterable, but

‘these also were unsuccessﬁ;l.
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;A more careful:study of the stability of a methanolic solution of
“Tffthis yellow material<revealed that upon warming, the yellow color per-

'fff;s1sted until about -20°, and then faded gradually until about -12°, vhen

. the remaining color disappcared rapidly Since a cold room,.thermostatted-_

at about -27°, was availab]e, 1solatlon of the yellow material from the

solution was attempted in this env1ronment Conventional flltration of

'fi;’the solution was not successful. However; centrifuglng the solution in a‘u_

f‘*centrifuge machlne Wthh had ‘been pre -cooled to the temperature of the pL;"

A .'_tube.

E'cold room, did succeed in concentrating the solld in the bottom of the R

When the solid thus obtained was allowed to ‘warm up and decompose,t

:iff'the resldue cons1sted of a small amount of black uaterial (probably Sn

;;?;or SnO), mixed with some white materlal (probably boric ac1d and po-

J'ta531um chloride)
,If boric acid could be eliminated from'among the solids filtered with\
ithe yellow material, a. boron spot test and/or a quantltative analysis for .

ffboron on the unknown solid or on the decomposed s0lid, would reveal

;;whether or not the yellow materlal contalned boron.‘ Thus various alcohols fh‘ g

;jwere used in .an attempt to find a solvent in which borlc ac1d would be
Eﬁsoluble enough at low: temperatures to prevent precipitation (lg /50 ml)
;;None was found to be very effective, however. Even when mannitol, which
ﬁéﬁforms e complex w1th boric ac1d, ‘wa.s added to the 7 8 M acid solution,
.jithe solubility vas only 1ncreased by an estlmated 10%.
‘ Later analy31s of the white materlal mentioned above showed that it |
'{Pfconsisted predominantly of KCl (The 1nfrared spectrum of ‘the white .

'1mater1al dld not show the peaks at 8.4 and 18. 3 microns, which are typical

v

‘ "oi boric acid Flame tests on some of the solid revealed potassium '
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‘}4i(purplejfldmé},butino;horon:(green flame). ' Finally, the melting pointi'
“of'the solid was greater than 330°, while boric acid melts with decom-
| ‘:':I‘-'position at 18'5“,‘ and boils with loss of '1-.'1/2. H,0 at 300°.18)
When the'reaction was run using NaCl and NaBHh instead of the'po-;,’E
"-ftassiumfsdlts‘(in'an attempt to eliminate KC1 precipitation), NoCl‘was-
'/fggfobtained‘in'large amounts, although its solubility waS'expected to be
LK?:considerably greater than that of-KCl et these temperatures. (The slope:v
A:.of the solubility_ys temperatureAcurve forsKCl-is much greater than thet ,
“for NeCl.) | |
} Ny A'measurementiof the ratio of hydrogen to tin in the yellou material;
| ‘wasAattempted next."The yellow material was prepared’in HCL solution.on”v
'?wifthe'yacuum line, in the-original manner. When 21l the gases formed in
“f"iﬁ?wpreparinglthe yellowAmaterial were pumped_off;;the latter was warmed to ydif‘}"
‘ room ‘tempera.ture, decomposed, end the e.mount of. hydrogen 'evolved. measured

e JJWith 8 Toeppler pump. (A trap immersed in liquid nitrogen trapped any

'ﬁZSth that may have been formed. ThlS was then decomposed to Sn and EHé
'%lper Sth, by heating the closed trap to’ l50° L The trap was then cooled f
;in liquid nitrogen, opened, and the non-condenSible gases pumped off and
imeasured ) The original weight of tin in the system wes known and,
lassuming 100% conversion to this yellow material, the ratio of the moles?if‘T
Lof hydrogen to the moles of tin in the compound wa.s calculated. Valuesxt‘“A}
dof 3, h 3 L, and 3 T were obtained from three runs.: (Very little of theb'liif'
_material went to form stannane, ut. a correction for the amount of tin .ﬁf?';
fcl'};lost in this wey was made. ) “:v~iﬁ1 »_‘ ;‘f3‘ "ﬂf,.. S |

| Since these ratios were quite -3 bit different from integral values;r o

iiit was decided that a'blank‘run,,without tin;~but with everything else

| the same as in previous runs, would be made (the difference between the



‘hydrogen solubility et‘room temperature;andethat atﬁdry-ice‘temperatures,_
Afor ekample}'might'begconsiderable)g Thus,:a'basic solution of KBH) wasn:
added siowlyftb'the cold ‘HC1l solution. After pumping off all gases whichh
,:ffhad‘been formed (from hydrolysis of the BHg, etc.),tthe.solution was
;fWarmed to room temperature, and the non-condensible gases measured.

'#Practicaliy the same amount ‘of hydrogen was obtained as before,'when the'

'”2\stannate (II) solution had ‘been usged. Since this amount of hydrogen was

“H too great to be. attrlbuted to solubility differences of the gas at the

dlfferent temperatures, the formatlon of a species at the low tempera-
‘ tures, Whlch llberated hydrogen upon warmlng, was suspected Since it
was p0331ble that thls ‘species was a reducing agent,pe cold solution of .

Ip 7

-in 7.8 M HC1 was added. It was reduced to 17, as shown hy“the dis=-
Jappeerance of the red-brownxiodine color, .confirming that_e.reducing

w et -

‘.fnspecles vag present in’ the cold solutlon.“

j'j Although no further experlments on the yellow t1n materlal were per-‘;;’

"hkformed subsequent to this dlscovery, at least two - suggest themselves:-

1) The 1solated yellow solld should be tested for the presence of

lfﬁ?iboron. (If Sn formed a complex ‘with the boron species which was the

}ﬂ;fimaln subJect of thls thes1s, +the complex would be expected to be stable

"“sat-temperatures*as hlgh as &20 ; while the boron specles without,stannous

":fdecomposes at temperatures above = 505.)h'If the yellow material could not

. . be isolated in pure enough form to make a boron analysis meaningful, attempts.

';;,could,be’made to prepare the‘yellow'material;with-other reducing agents in

fi,place of BH& (If & yellow ppt resulted 1n any of these: cases, 1t would be

o ev1dent“that-boron was not necessary‘for-formation of the yellow material.)

' 2) If the yellow matér1a1 did not contain boron, and thus did not

contain the unknown reducing spe01cs, the SOlld (st111 containing some

o
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' KCl and some H3BO » 51nce these wouldn' t 1nterfere and needn t be removed)> a8

o could be centrlfuged, flltered, and then attached to a vacuum llne, elther.':"'

dn ary form or slurrled in a 7. 8 M HCl. The yellow materlal could then be.::f

decomposed, the hydrogen measured, and the-amount_of tin present analyzed .

by a suitable quantltatlve analysis scheme. (The‘yellow naterial would

.- have to be separated from the solution in whlch it was prepared, prior

til(to the H2 analys1s, however, because the boron-c0nta1n1ng redu01ng sPecies'k“

l'“'f‘whlch would also be formed would also llberate hydrogen on warming ) (It :

‘“might be found that the unknown consisted of SnHa, which is analogous to 3{.?lf

[‘the known (yellow) germanlum compound GeH,, )
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Infrared Spectrum of Methylene Chloride Extract.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report. '

As used in the above, "person acting on behalf of the
Commission"” includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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