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Buffer Solutions of Potassium Dihydrogen Phosphate and
Sodium Succinate at 25 °C
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A buffer mixture congiating of equal molalitics (m) of potessinm dihydrogen phosphe to
and sodium auceinate [n proposed as a necful refercnos point i the atudy of ackd-base eqizilib-

ria, bridgin

the present gep between pH 5.5 and pH 6.8. The p

uret at 25 “C has Leet

det&nnit‘lﬂdgh}r electromotive=force measurements for five buffer aﬂ‘lutinns in which m varied

from 0.0405 to 0.025. The canventionnl
be in good

g of cash splulion bas besn derived and found ta
em ent with that caloulated from existlog data for the two equilibria conoerned.
The panx varies fram 6,251 et m=0.005 to .10 at m=1L025.

The buffer mixture haa begn

ueed suocezsfully for the determination of the dbsociation conatante of 2-nitre-4-ehlorophenot

and 2,8-dichlorophenol.

1. Introduction

Tha useful application of the acidi:.f" function —lo
{2gTe) OF BlRryo} in the seeurate determination o
dimsociation constants or pK valucs has been de-
eeribed [1,2].!  In the defermination of the p& of o
weak acid by the spectrophotometric method, a
buffer eolution is needed with & valos of Fleuyel
not too far removed from the p& of the acid. For
axample, in the determination of the dissoeiation
constant of pnitrophenol at 25 °C [3], pEK=7.156,
& series of equitnolar mixtures of potassium dihydro-
gen phosphate and disodium hydrogen phosphate of
different total ionic strengths were used; their
plagye) values lay betwoen 6912 and 7.080. For
2-chloro-4-nitrophenol, pK=545, aolutiona equi-
molal with respect to both sodium Lydrogen suc-
cicate snd sodium succinaty: were nsed [4]; their
P{Egye;) values lay between 5,477 and 55453,
Neither of these buffer systems would be particu-
larly suitable for an acid with pA shout 8.2 and we
bave, therefore, now studied the buffer system con-
sigting of sedium succinate and potassium dibydrogen
phospheie At equal molalities (). The plagyo)
values of five solutichs in which m varied from 0.005
to 0.025 have been determined nt 25 °C. By the
applicetion of & conventional definition of the
activity coefficient of chloride 10n, conventional pmy
values of these solutions have been calemlated,

2. Method

The slectrometive-force method hy which sfogyo)
was determined and values of pay assigned has been
thoroughly described in earlier publications [2, 5.
It consisted of the following three steps:

1. Measurement of the emf of the following cell:

Pt: Hilg,1 atm), KH,PO,{m), Na LOHO4m), KClim”),
AgCl; Ag

+

L¥inred ln breckeds ipdleate fhe Dlerabire referamet ot s pod of 1hic prpss,

Bt 25 °C. Five different buffer mixtures consisting of
equiinolal amounts of potassiom dihydrogen phosphate
and =odinin sueemate (m varying from 0.005 to
0.025) were studied. Measurements wore made
with four concentrations (m"} of potassium chloride,
namnmely 0.005, 0.01, 0.015 and 002 molal, at
each of the five buffer concendrations.

The emf wea corrected to a partisl prassure of
1 atin hydrogen in the usual way, and plegyeo)
waa calenlated from ecach value of the emf (E) by
the formunla
(E—E5F
BT in 10

The standard potential {£%) was taken to be 0.22234
v nt 25 °C! [8], and the costhicient F/(RT In 10) has
the value 16.9047 v—' at this temperatuore.

2. The limiting valoe of p{fgya} n the absence
of potassivm chloride, toarmed pi{geya}®, was deter-
mined for each of the five buffer solutions by Flal;t.in
#egycy) a8 o function of the molulity of adde
potassiutn chloride and extrapolating ito 0,

3. The conventional w was comptted from
plegyo}” by the relationship.

plogye)= +log m' (1}

Pap=pleyc)®+1og ye (2}
with the use of the canvention [7]
— AT

! =" 3

0E ‘Yol 1+1_51ﬁ &

where § is the ionie sirength and A, the Debye-
Hiickel slope, has the value 0.5108 mole 1 kg ' st
25 °C,

3. Experimental Procedure

The potaszivin dihydrogen phosphste was NBS
Standard Semple 186Ib. Twoe diffarent samples of
godivm succinate hexshydrate, veagent grade, were
used.  In addition, s portion of one of the samples
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was Teerystallized and dried to remove ite water of
hydration. There were no apparent differences
among buffer=z made from the three samples of sadium
guccinate. Potsesium chloride was reerystallized
ohce from water. The conductivity of the distilled
water used to prepera the solutions was ne greater
than 0.8 10~% ohm ™ em™L :

An jncrease of emf with time, the canse of which

has not been determined, waz observed. This
incrense was more rapid with the dilute solutions
than with the more concentrated ones. It was
therefore found necessary to maks the cmf mesayre-
ments on the thres most dilute buffer mixturea on
the same day the solutiona were prepared. However,
the same values of the emf were obtsined for fresh
0.02 m and 0.025 m buffer solutions on the deay of
preparation and one day leter.
. In terms of pay wnits, the 0.025 m buffer solution
inerensed in pae by u:m’l}r 0.002 after stonding two
daya end 0.012 after 12 days. However, the 0.01
solution incressed by 0012 unit in 24 hr and the
0.005 m aolution by 0,022 in the same time.

The stability of the primary and secondary
phoaphates in aqueous solution secms beyond ques-
tion, Furthermore, no inatebility of buffer solutions
composed of primary and secondary succinstes was
found in earlier work [8]. Neverthelass, it 13 advis-
able, for the preatest accurecy, to use the mixzed
buffera on the day of their preparation. This
procedure wos successlul in the determination of
the dissoriation constants of 2-nitro-4-chlerophenol
and 2.6-dichlorophenc] {zee below).

4. Resulis and Diacusasion

The results of the em! messurements snd the
celenlations of pldere) are summarized in table 1.
The sverage wvalues of plagye) corresponding to
the four molalities of potaseipm chloride are plotted
sz a function of the chloride melsality in figure 1.
The intercepts at m’=0, that i& plogye}°, are given
in table 2. The intercepis wera daterminegl hy
the method of least squares; the standard deviation
of the intercept, «, is given in the thivd colpmn of
the table. The pag values listed in the last eolumn
were calculated from plawya)® together with the
conventional definition of the activity coefficient of
chlorida ion [see eqgs {2} and (3)]].] The pag of

uimolal solutions of potessium dihydrogen phos-
E ate and sodivm succinate et 25° js plotied in

guta 2 as & function of the molality of sach =alt.

It ia of interest to compare these experimental
valuea of pag with the pay caleulated from the
dimocistion constants for the two acid-base equilib-
ris which fix the acidity of these buffor solutions.
The disscciation constant of dihydrogen phosphate
jon i piven by pHn=7.200 at 25 °C [8], wherpas
that for succinate lon is expressed hy p&o=>5.836 a
the same temperature {8]. From the mass law
expressions for the two equilibrin,

2 prie=pEe-pKos—lug 17710 log TE —log Yo
@

.30 T

- n{aHr,;Ii
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Fraure 1. Effect of added potasrium chioride on the ﬁmﬂlﬁﬂ
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TapLE 1. Eleclromgtire foree aof the cell Pt Help, 7 afm),
KHiFOu(m), NegiSue {m), KCl (m'), Agll: Ag of 25 "C.

Valoes of p{ag ¥qq)
-
L] RLELIL LIFaLld] (015 JLELS 1]

E (plagrg)| B elagm)| E|pieyve B (o)
0,026 (0, 72810 B 2L 1['.7!3!5 B 813 [ BBTEY ] 1] P.m [ 15
iy A ZIS | _ TE3D 4.218 | . BETHL 0.2 | _48na | ]
. THE0E A 214 | _TDEDG G212 | . Eed LT R 204
T26 ale | . TDE1D 8. 212 | .6e23 o2 | 88028 & 211

. TDEDE: 8.211
A (L 71 6.7 | TeE 8244 | o0 6.2} | 8008 By |
TN 6.331 | . TeTe BouE | - PO 6,553 | . BO00R 0,55
] B 132 | TR Bkl | eBesl 6,27 | .8e05d .zl

- TG BB
ARG (. TR 6. 248 | . TI0AS B | el 0,228 | _samed il
Y (L FME 627 | LTI 6,164 | . TIOEr 30 | Rl ji%n)
- T LI | LTI LY O T 4206 | ek B 264
D06 | TAIN 0.3 | LTI 6.0 | sl GAER | 6t | ¥
Tl B | LTI MM | i\ 0283 | 604D L]

Bt 4, HH

TasL® 2. plapyc}” and pos

Jor equimolal  solulions %
polamsinm dthydrogen phoaphals and apdvum auectriely ol £5 °

ks mrgroy” s Py

0.6k &2 001 4 W
- (A 6, = 1 L E)
-G 6, 254 00 6, Jéd
- 6.2 0d] 6 I
-GG 6.1 . . 251

where P and S refer respectively to the phosphate
and succinate jons of the indicated ehares.
The acid-base resction teking place when the two
Eufferr zalta ara mixzed in solution may be represented
¥

HJPD.;_—'—B“.U-: HPD;- -I-HSIK:‘, {5}

The extent to which this reaction procesds need not
ke known, for the conceniration term of eq {(4) has a
velue of unity, Elnhovided the stoichiometric molalities
of potassium di en phosphiate and =odium
gucoinats  were equa]. Furihermore, the ionic
atrength (J) iz equal to 4m regardless of the extent to
which reaction (5) proceeds.

The laet two torms of agq (4} may be estimated as
follows. In the course of the investigations which
led to the determination of pKi and pHy the
quan irties log  [yeai{7oa¥a-} ?.nd 1 {?s-fh’a—
ta-)] 1 phosphate buffer solutivns and sueccinate
buffer solutions, respectively, wera avaluated and
found to fit the liﬂckel equalion with ion-size
paramaters of 4.4 and 7.0 If these same
parametors are used to caleulate the ratios of the
activity coefficients of the two phosphate anions and
of the two succinate anions 1 tho mixed buffer at
25°, eq (4} then becomes

1.532 ym  1.532+/m

14+2.80m 144.604m
(6)

pra=1{2 (pK;p -+ pHKoa}

The pap values calculated by this equation are
comparsd in table 3 with those derived directly from
the emi measyroments. The agreement ich ia
moat satisfactory, lends support to the reliability of
the experimentsal data.

TabrLe & “(Heerved”’ ond eolodaled wolver of pﬂnﬁjﬂr Eue
aquestt mizfures of KHaPO, amed Nag GHy0p o 25 °C

TRERE = Tinyea |Pun (obscrved) (poa(mb,, 2q 81

D005 6. 1% £ 111
N % 131 € 1D
i o, 152 o 160
.01 4,107 L]
‘s 8, 71 1. 249
The change of with temperatyre can be eal-

enlated in a similar fashion. Inspection of eq {4)
shows that tha sffact of temperature changes on the
pag of the phesphate-succinata mixturs will be a
combination of the change of the mesn K with
temperature and of the temperature effect on the
petivity coefficients. Tha heats of dilution of com-
pletely dissocipted elecirolyies ara neither large nor
vary different in the dilute ra.ngl‘e, and it is justifiable
for our purpese to replace d log Cyenfye)/dT and
& log (voufre_ )T by 3 f log vo /0T, whera ¥ i the
mean ionie activity coefficient of one of the commen
uni-univalant strong sleetrolytes and T is the tem-
perature in "K. From eq {4}, one may therefors
write
d 14
P23
Data in the literature [, 9] provide the following
tempersature coefficiants:

PHEo+pKa }—3 {_f?'r log .. {7

i) i ®
and
i Ef'fgg Hlﬁ?9.13
T w=0029153 e {4)]

Furthermora, it has been shown that  log /4T for

four common strong electrolytes haa the following

average values at 257: —0. 00007 deg ! at F=0.01,

F{}.EH]DIZ deg =t at F=0.04, and —0.0002 deg = at
={.1.

From thesa data it may ba seen that the contribu-
tion of the changes in K to dpanfdT is —0.00150
deg™ at 20 °C, —0.00107 dep™ at 26 °C, and
-~ 0.00038 deg™ at 30 °C. The temperature
coefficient of at 25 *C for threo of the mixed
buffcers 1s as follows:

™ 4 pau/dT
0. 005 —0. 00055 deg™!
.01 —0, 00071
025 —0. G004

It 1 clear that the phosphate-succinate mixturs has
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8 lower pog-temperatyre coefficient than either the
phosphate buffer or the succinate boffer at room
temperptura. This is & considerable advantape when
the buffer is used in epectrophotometric measure-
ments whera the temperature of the sbeorption cells
is not well controlled.

5. Application to the Determination of
Disgsociation Constants

To illustrate the use of these buffer solutions in
spectrophotometric work and to obtain a further
:heck on their plagyo}® values, detcrminations of
the dissociation constants of two =ubstituted phenols
ia aqueous solution at 25 “C have been made.

In the spectrophotometric method [1, 10], tho
iiiaaomntlun conetant K of & wenk uncharged acid
Al ST iy el (10

AL YHA

is determined by messuring the degree of dissociation
in a eolytion of known p{aryc)® by optical rmethods.
Substitution of @, the degree of dissocistion, in eq
{10) gives

K= *—log = —log XA (11
PpE=plasyce)” —log T—a— 108 Yooy (11}
A small correction is made to sllow for the eifect of
the weak acid on mlewye,)® [11].

The succinate-phosphate buffer Lhas been used to
measurs the dissociation constanta of two substituted
phenols. Detsils are clﬁiwm in tables 4 and 5. In
the case of 2-nitro-4-chlorophenol (table 4}, the last
terin of eq {11} has heen neplected in arriving &t
P {eorr.) The average of five pR waluea ie
6.45,. There is a amall but ragular upward trend of
#K with decressing ionic strength; this may indicate
thet the last term of egq (11} iz not completely
msghﬁihlu, and entrapolation to zero ionic strength,
E the method of least aquares, ,:,v]ives pE 648,

ther value is in good agreement with that obtained
eerlier [4].

The value now found for 24-dichlorophenel,
6.78;, Slbabla 5} i= alse in good agreement with 8.79,,
wl_lmhthaa hean ﬂbta.ilil?ld éﬂ BOITE Enpnﬂ:lﬁid Tirmk’
uging the potassinm dihydrogen phosphate-disodinm
hydrogen phosphate bufger.

Tamx 4. Dissocfafion consiand aj’cf—nﬂro-{-nﬁimophamf in

waler af 87
|
[ole Pt Dt =5 pi PE ()
areiggh » | gle]] TrD

&10 a9 0 EM: -0k 150 £ AR M
it a1 3w - & 156 & 455
i 95 T —. 14 & 50 445
M & 174 ™ — 157 B 435 4. 460
R 4.1l — 18 & 078 4. 400
ATE. a5

Kmi g 10T

AT he mhivlir coireniration of Sojtrg-d-thlrophenicl wad 4 80C10H,  The hufes
ﬂwuﬁt&ﬂoﬁ’tdm equlmaler Agdiem epedoats wnd poisssinm brdrpea

For e atrption ool wetn d e in gt T, (e gmlca] deosiey ol the wadie

suctated phengl, memwced i 0,01 3 LE s, %ﬂ:: density efvbe

il Latid piensl, o pasurcd .40 M NaQH, wes 0365, Meutarcaseais werd
-4 mp,

TabLe &  Dissociadion conslgri of 2 8-dichioraphene! in
wolsr af B85 0
Tonle pl " D 5Dy pK | DR (errd
Sirengih = L log g
a0 6,24 0385 - 572 6. 781 6, 70
) 0, 2 i) —. 556 6. 788 6 787
R 6,254 ] —. 537 6. 7AL 6. 780
AN 6. 570 A —. 608 6, 745 6. 781
g 0,411 K] —. 478 6. 788 6. 786
ATR, T
=1L B07
vThe maolar comcontration of TA-dicheorophemd was B30 The tuffer

ruklons contalned eyuimolor diboed e Buecinate amd frdagsinm 41 hpcrogen
phusghat,e.

ahedplon colls wrore 4 cm o emeth. 21y, the apiieal deneity of the wndla-
apdsted phanol, meamured in 002 & HCL, weat, 7y, e optioad dancdty of the fully
houized phwenol, messured in 640 M MaOH, wed 1798, Measurements wers
m Bt HN) M.
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