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Abstract - The pK values in liquid ammonia for acid-base indicators
have been bracketted using buffer solutions prepared from acids
with known pK values in liquid ammonia. The application of these

indicators to some practical acid-base titrations has been demonstrated.
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' INTRODUCTION

Because amnonia is'muchvmdré'basi; thah water,.mAny weak acidé
that haﬁe-no detectable ééidity.in aqueousisélutiOn éihibit acidic:
behavior in liquid atmonia and can be titrated with strong bases such
aé potaséium aui de. !However, in spité;ofvitS many poteﬁtiél applications,
acid-base titrimetry in 1iquid ammoni; has beén neglected - mainly

because of the lack of a simple method of end-point detection. End

points of acid-base titrations in 1iquid ammonia have been detectéd

using the glass electrode[l 3], the hydrogen electrode[h 51, other

potentiometric mcthodu[6 7], ‘conductivity measurements [8], and acid-base
indicators[9-12]. Ve belleve that, of these methods, the use of acid-

base indicators is thé simplest.  However, thé intelligent use of

~indicators requires. a knowledge of-their'pK values (i.e., thé pH values

corresponding to'théir color chaﬂges),nand_pK'values are known for only
a few indicétorslin liquid ammonia[lB,lh]. Thus our main objective in
this study was to evaluate apprdximate'pK.values for a group of indicators
spanniﬁg, as far as possible, the pH.scale available in ammonia.

Other probiems to be.solvedeere those of devisiné simple methods

for obtaining pure ligquid ammonia énd for gradually mixing the acidic

and basic reagents. Many publlshed methods for carrylng out tltratlons

in liquid ammonia require specwal equlpment such as high-pressure apparatus[l?]

a vacuum Jlne, or a buret’ for use with cold liquid ammonis solutions (8, 151.

In the prcuent study, we purposely av01ded the use of anythlng

" more chpllgated than an unsilvered dewar flask fitted with a

Dry Ice-cooled condenser. With this simple equipment we have carried
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out avvariety of practigal acid-base titrations that illustrate fhe
usefulness of a set of indicators of known PK values. In a future
publication we shall‘deséfibe_the application of indicators to'a

coulometric acid-base titrations in liquid ammonia. -

EXPERTMENTAL |

The reactiohs:Were performed‘ih é'stfaight~walled unsilveréd dewar

" flask using ammonia at its normal boiling point.  Stirring waé achieved

with a glass—encloséd'maghetic stirrihg bar. The top.ofithé réactién
vessel was sealed with‘avﬁax;égaféd'éﬁoppér hévihg sever@llholés for
the introducﬁioﬁ;of émm6ﬁia,Vthe intfoducﬁion of reacténﬁé,'and the
escape of ammoﬁia Vapors. Oécésionall& we found cylihde?s containing
armonia of suffiéicnt purity that the liqﬁid could be dfawn directly
from the cylinder into the réaction vessel and then usgd’without'
purification. Mére commonly it was nééessary to draw gasébus;ammonia
from the cylinder and to condense iﬁ in the”reaction yéséél. In such
cases the sﬁoppér'of the vessel was fitted with a'large'COld;finger
condenser.’ The amnonia gas was led iﬁto the reactiénIVessel from which
it_passed‘up inté the condénéer and out through ajKéH drying tube.

After flushing the air from the apparatus, Dry Ice and alcohol were

placed in the condenser, thus causing the entering ammonia to condense.

and to coliéct in the dewdr vessel. - A more elegant all-glasskversibn
of the latﬁér apparatusg:which we recomrand forvacéufate work, is
shown in Figure ;. When about 180 ml of liquid anmonia collected in
the reactioh.vessel, the ﬁry Ice cooling was stopped and the flow of
aﬁmonia from the cylinder was reduced. The evaporation of‘ammonia and

the flow of ammonia from the cylinder caused an adequate flow of gas

~» .
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' When no color change was observed, we concluded that PKin
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from the vessel to prevent ingress of air. Liquid ammonia obtained
in ﬁhis wéy was sufficientl& pure except on certain occasions when._
the last fracti&n of aﬁ@dnia in a cylindef was.withdrawn. The'liqﬁid
anmonia was Jjudged pure when éddition of a tiny piecé of freshly—dut
sodium (about 1 mg) chused the fdrﬁatibn'bf & blue sélution,iétabié
for at least 30 seconds.

Solutions of potassium amide or suspensions of sodium amide were
. . N

prepafed in the reactidn vessel by the following probedure._.In a
‘nitrogen-filled dry bég, a piece of the appropriate alkali metal

(0.2 - 0.8 g) was cut free of impurities and placed in a tared

\

welghing bottle, and the bdttle was reweighed. A tiny crystal of

Fé(NO3)3-9HéO (about ‘3 mg) was added to the liquid ammonia, and the

mixture was stirred for several minutes. Then the alksli metal was

added, and stirring_wés'contihuéd’until the disappearance.of the blue
color'(usually'after'lS—HS n&n.jkiv |

The relative pK values of the'iﬂdicators were usvally determined
by the following procedure.  About 1 mg'of indicator was added to
the amide solution, and then an acid bf»kndwn pK wés added in an
amount'sufficient‘td make the concentration of theiacid'and its aﬁion

a” Pociar

d < pKaci '[16] .

equal. When a color change was observed, we concluded that pKin

Some of the indicators (e.g., rosaniline hydrochloride, 2-4 dinitroaniline,
and 2-methoxy-5-nitroaniline) appeared to undergo irreversible
decomposition in the presence of excess amide. In such cases, the

buffer solutions were prepared before adding the indicators.
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Titratioﬁs were carried out Ey the‘graduél addition;of acidé té;ij
~solutions or suspensiéns of-émide containing‘indicators. In the case
of polybésic acids, separatéjend points could;sométimes Eevobserveé':
by the addition of different indicators at appropriate times~durihg 7?
thé titrations. For example, the firsf end pqint in thé titratioﬁ-‘ ‘
of potassium amide with sulfamide can bé dgtectea ﬁithvrosaniiine ”
hydrochloride (green toIQOiden yellow); thé addition of tropeoline;OO
then permits detection of the second énd point (violet tbiyellQW);j
In most éases the acid (or the acid—generating substance) ﬁés addéd »
as a powdered‘or crystélline'solid from é weighing bbttle whigﬁ g
was weighed immédiatély:after the'apﬁearancé of each end ppinti‘ In
one casé the acid (BlOHih) waé added as a SOlufion'in diglyme'from

a buret.

DETERMINATION OF. INDICATOR pK VALUES

The acide that were used to meke buffer solutidns for the estimation

of the pX values bf indicators are listed in Table T. :Although the

listed pK values[h, 5, l3,vl7]‘for most of these-acids:correspond to

-60° (a temperature about 27° below that at which we made our studies), .

we have used these values without correction. Thus our estimated

indicator pK values probably appertain more closely to —60° than to

the boiling point of ammonia (-33.4°)[18]. Nevertheless, any resultant .

errors in the indicator pK values probably have no effect on the

application .of the indicators to titrimetry.

T

e
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Table I.
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pK_Values* pf:Acids Used to Make Buffers

K

Acid#f : Ref'.
Phenylthiburea 3.8 (5]
Tﬁiosemiéérbazide (le): i 4;7 [5]
Q-nitroacetanilide._ 5.3 (131
Thiésihamine”: 6.6 (51
Diphenylse@iéarbazidé' 7.7 (51
Thiourea | 8.5 f&].b
Thiosemicarbazide (ng) 8.5 v[5]
Ethylene glyéol 9.5 4]
Diphenylgﬁanidine  10.7 bt5]
Urea ,  | I 12.9 [4]
Watéf - . (pK')+v 15.6 5]

 Acetone. @t 1709 5]
2,5-aichloroaniline'j 2k, 5 (5, 171
g§chlo£oaniline 27.h . (5]
Aniline 28.8 [5]

* Values obtained at -60° except in the case of

(NHu+) '

‘v o—nitroacetanilide (-55;6°);
. 1. '

X' = TR (RFY for saﬁuratéd‘solutions,of the potassium

" .salts. Herlem and Thiebault [5] reported pK' values

 which ignored (K+)'= 0.1 and hence were high by 1 unit.
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Many compounds have béen'?réposed ag écid-base indicators ini’- |
liquid am@onia, but pK valueé ére known fof only foui of these: -
| g-nitroacetahilidé (pK ='5.1)[13]: Q}ﬁitroacétanilide (pK = 5.3)[13];
di(p-tolyl) methane (pK = é7.i)[1u],' and 'di(E-méthdxyphenyl) o

methané'(pK = 28.6)[14]. The iﬁdicators_thaﬁ'We'studied'afe listed | o 4

' : : L o o Tl
in Table II. Bacause each experiment gave!only a qualitative measure
. | ! . '

of the pK.relative.to thatvof a stand;rd dcid, it was ohlyva§sible to
sgt upper and lower limits on the pK Qalues; 'Uéing.such data:wé'hQVe
sorted the indicators iﬁto twelve pK'ranges betwéen 1 and about 32.
Thus in Téble'II;the'indicatofs aré'groupéd according to these‘pK;;
ranges. The tabulatédvﬁacidic” and ”basic"vcslors réfef to tﬁe'pﬂ
values equal to ﬁﬁé 1qﬁer.énd highef fange—defining pK valués55respec€ivély.
Several éf'the indicators show:more than one éolor éhange oﬁ géing ;
from pH = 1 to pHx=:32; In the case of roéaniline.hydrochldfide,
all the color ghanges'(at 0 - 3.8, 10.7 - 12.9, and 2h35 - 27.4)
are sharp.enou§h to:warrant their inclusioﬂ'in the table::'

Some of the éolo}'changés‘d9 not corfespéha.té ﬁhe'éimple loss
~ of protons from the indicator mdlecuies.  A case in pOint is E—nitréahiline.
Although one;would éxpect this ﬁolecule to have a.pK (éérrespondiﬁg '
to simple deprotonation) very close to that for g—nitroaniline,[lg]
the pK corresponding to the;prominent color change'§f g—nitroéniiine
(24.5 - 27.4) is much higher than that of p_-riiiroanili_ne (4.7 - 6.6).
We propqée'that the g—nitfoéniline‘color change does correspond to
deprotonatiéh of the NH ‘

2

Changé corresponds to the addition of an NHQ- ion to the ring of the

group, whereas the m-nitroaniline color

02NC6HhNH- ion (i.c.,vto the‘formatidnrbf a Meisenheimer complex).[17] -
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Table IT.
Acid-Base Indicators in Liquid Ammonia
pIC ‘
lower  upper Color
Indicator limit  linit acidic basic
Rosaniline hydrochloride - o] ,§}8 colorless golden yellow
. i B
Phenolphthalein - 0 3.8  colorless violet
Metanil Yellow* L.7 5.3  yellow violet'
Tropeollne OOX ‘ 4.7 5.3  yellow fviolet
(Orange IV or Tropaeolln OO) -
g-nitroaniline* . k.7 6.6 yellow-green red
a-phenyl-azodiphenylamine* h.7 6.6  yellow purple
o—nitro-p—toluidine*:' 6.6 7.6  yellow-green.  red-orange B
(4-methyl-2-nitroaniline) ' :
Carmine 8.5 9.5 wviolet grey-green
(Carminic acid) - : :
2-amino—5—azotblﬁene 8.5 10.7  yellow magenta
o—toluazo—g~tbluidine* 9.5 10.7 - yellow . red
(L4-o-tolylazo-o-toluidine) '
Hydrazobenzenel- 9.5 10.7 1light yeliow dark brown
Azdxybenzene*_' : 10.7 12.9 light yellow dark brown
Neutral red 10.7 12.9 ‘yellow green-blue
‘Rosaniline hydrochloride 10.7 = 12.9 golden yellow green
Safranine A¥ 10.7 '12.9 red blue
(Safranin 0)
~ Fluorene 10.7 12.9 colorless yellow-green
RUURNSNPR +
2,4 dinitroaniline¥ 12.9 21" purple-red yellow
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Table II. (continued)
| -

)

: lower ﬁppér | Color.

:Indicatorv‘ limit limiﬁ ;-acidic E bgsic
Rosaﬁiline hydrocﬁloride* _ 24.5  27.&| gréen -',  blﬁe(unstabié’ W
é;nitrqaniliné*  : o 2&{5 ' 27¥& P yellow o 1 blue-green . . . |
2—m¢thoxy-5-nitrqaniline éh.5 ﬁ27fh yellow B  f blue%gfeeﬁ
Triphehylmethane*’: 1 27.4 28.8 cblorieés  ' - red
E-nabhtholbeﬁzeihi' | '27fh 28.8 green-blue brown
e-methoxy—h—nitibaniliné 8.8 ~3é"  yellow © blue
Diphenylmethane B o ~28.8 ~32 _colofleSS- B dérk'yelloﬁ;.
g—nitrdaniline'>  : o if'28.8 *432. yeilbﬁ . orange -
Benzalacetopﬁéhbné 28.8 ~32° colorle$S' violet
(Chalcone) | ' ‘ ' o o

:Crystal violet = o »»28.8: ~32 = grey yellow -dark red
Malachite green 7 - 28.8 ~32 , yell0w v:.- ‘red
Dibénialacetonéi . 28.8 ;32 yelléw - "~ violet
* (1,5-diphenyl-3-pentadienone) .
*These indicators give shérp,'easilyidistinguished éolor changeé.i
fThis indicator'shdwed an intermediate color (orangé),invan HQO/KOH buffer - f\
for which wé-éalculated pH_=.18.2. This value may bentaken as thevapprOXiméte -

j
pK of the indicator. '

T¢Calculated PH of an acetone buffer.
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and an end point occurs when the acid/NH

-9- o _ UCRL-1968L

Wy

ACTD-BASE TITRATIONS

The only previous applications of indicators to acid-base

“titrations in ammonia of which we are aware were titrations of strong

acids with potassium amide, viz., the titrations of ammonium nitrate
. : {

. . |- 7 ) E . .
with potassium amide (using g—nitroaniline)[lEJ and’ of boron trifluoride

ammine with potassium amide (usiﬁg triphenylmethane). [10, 11]
In order to demonstrate the usefulness of the pK data in Table 1T, we
studied the reaction of various weak mono~, di-, tri-, and tetrabasic

acids with amide. When an acid HnA, having n removable protous,

iis gradually added to an amide sblution, the initial reaction“is

| 1/n H A T f‘l/n A" 4

3

o ratio equals 1/n. When n is

2 or more, further addition of acid causes a second reaction,

_(ﬁv— N

’i/[n(n - 1)] HA + 1/n An" - 1/(n - 1) ¥

with an end point at acid/NHg- = 1/(n - 1). When n is 3 .or more, further

addition of acid causes a third reaction,

| 1/[(n - D(n - 2)] H A+ 1/(n R T\ Gl DA/ SR HQA(n - 2)-

with an end point at acid/NHeh = 1/(n - 2). 1In Table IIT are listed
the acids and indicators used in the titrations, the indicator pK ranges,

and the experimental acid/NHQ_ ratios.
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Table IIT.

" Titration Data

UCRL-1968L - -

Acid

Uréa
(NHQ)QCQ

Sulfamide
(NH2)2802

Guanidiniuﬁ
‘thiocyanate
_C(hd2)3SCN ,

" Malonamide

CH, (CONH )

Phthalhydrazidé

: H, CONHNHCO
G S

P
p-

H C6HHSO NHI\]H2

-toluenesulfonhydrazide
-C

'Indicafor and
PK Range

é-méthoxy-ﬁ;nitroaniline(28.8-32)
2—methoxy—5—nitroahiline(Qu.5-27.&)

Rosaniline hydrochlorlde(Qh 5-27. h)' 
-~ 1.00

Tropeollne OO(M 7 5.3)

;methoxy Y-nitroaniline(28.8-3g)

Rosaniline hydrochlorlde(Qh 5-27.4)

'Tropeollne 00(k. 7-5- 3)

Malachite»green(28{8—32)

. 2-methoxy-5-nitroaniline(2k.5-27.4)

Safranine A(10.7-12.9)"

Triphenylmethane (27.4-28.8)

‘Rosaniline hydrochloride(2h.5-27.4)

Metariil Yellow(k4.7-5.3)

Malachite green(28.8-32)

m-nitroaniline(2k.5-27.4) .
Triphenylmethahe(27.h-28.8)
Rosaniline hydrochloride(24.5-27.L4)
o-nitro-p-toluidine(6.6-~7.6)
g—hitroaniline(h@7-6.6)

Metanil Yellow(k.7-5.3)

Acid/NHe”

_;Ratio“__

e
.l.

-~ 1.00"

,.h9f'

1.00
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Table III. (continued)

Acid

3—amino¥l;2,h-triazole

NHN:C(NH, ) N:CH
L2 ]

Tetrasulfurtetraimide

. AL

DAborane
B

10t

Ammonium chloride
NHMC;'

-n-

0

Indicator and
PK Range ‘

'Tiiéhehyimethané(27.ﬁ;28.8)7
Rosaniline hydrochloride(2l.5-27.4)
. ROS roc ,

tholuazo—g—toluidine(9.5-10.7) _

,g—nitro-g-toluidine(6,6;7;6)'

Metanil Yellow(L.7-5.3)

 Triphenylmethane(27.4-28.8)
- Rosaniline hydrochloride(2k.5-27.k)

Triphenylmeﬁﬁane(27.§-28.8)

Tripheﬁyimethane(27.h-28;8)

UCRL-1968%
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*forhation of a precipitate from the beginning of the titration.

Tan unsharp end-point.

: ' A
dissolution of the precipitate complete here.
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According to Franklin [20], urea and suifamide.ere dibaeien
acids and the guanidiniumrion and malonamide are tribasic aéids. :Oﬁr-
titration data forburea,ahd‘Sulfemide;(eﬁd peints at:erineer‘ecid/NHE-
ratios of 1/2 and 1),-for'guanidinium thieeyanate (end boints at or
near acid/NH B ratibs of 1/3 and l)-anﬁ‘féf maloﬁamide (end feinté near
1/3, 1/2 and l) are ‘consistent w1th these statements In'the.ceee‘ef

|

the guanidiniuvm :on,!none of the llsted 1nd10atoxs showed a color
- change at ac1d/NH . 1/2. Probably the £irst and secondilonlzatlon'
‘constants are very;close. | | o

As far.as we kheﬁ; phﬁhalhydrezide and’g}tblueneeuifdnﬁydrazide

have never becn studied'in'liquileH'. Phthalhydrazide réacts slowly

3

with pota031um amide to form flrst a dlpotas31um salt and then a

monopotaq51um,salt as shown by the tltratlon data. Bothvthese salts

are yellow, airésensitive'solids; insolublevin liquid“ammonia. The data

for Q—ﬁolueﬁesﬁifonhydrazide_indicate that this acidgie.only monobasic
in llquld ammonwa | | |

Straln[glj prepared the nonosodium salt of 1, 2 h trlazole and the
correspond1ng\s1lver, magnesium, calc1um, and eopper(I) salts. The
coméound 3jamino~l,2,h—triazole might be'expected to be polybasic,
however fhe-indicator expected to-be data give no evidence of more than
one replaeeable proton. On the other hand we observed, from the
Beginning of the titration, the formation of a precipitate which then
redissol?ed and disappeared around aeid/NHg-\= O.50:to 0.80. This |
- result suggests that in the very basie_solutions there was formed an
'insolub;e tribotassium selﬁ.and then a slightly soluble'dipotaésium

salt.

Ca
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The data for tetrasulfﬁrtetraimide are.consistent with the
_ formation of Kh hk (end p01nt at ac1d/NH g l/h) and KMH ShNﬁ (end
p01nt near ac1d/NH = 1/2) " ‘The correspondlng sodlum,compounds have
been prepared by the reactlon of ShhhHh with the sodlum salt of f'
trlphenylmethane [22] Meuwsen[23] has reported that ShNhHu reacts
w1th potassium amide in ammonia to glve an 1nsoluble yellow oOlld of

gemplrlcal composition KNS'KNH The latter compound was prdbably

o
the 1n1tral precipitate in our tltratlon, and il was probably converted
to KM 5N, at a01d/NH = 1/h.

The result of the decaborane tltratlon suggeﬂts the. formatlon
of the B10H122— 1on, prev1ously reported by WLLkS ‘and Carter. [Eh]

However this reaction will require much more study before the nature

of - the product can be inferred.

A

Acknowledgement: This work was done under the auspices of U. S.

. Atomic Energy Commission.
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.

Neither the United States, nor the Commission, 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 informa-
tion contained in this report, or that the use of any information,
‘apparatus, method, or process disclosed in this report may not in-

fringe privately owned rights; or v
B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, 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 Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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