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We desrrilw here an experiment for physical chemistry or 
instrumental analvsis lahoratorv in which the t i t rat ion of 
glycine hylrochlo;ide wi th stanriard sodium hydroxide is si- 
multaneously followed wi th conductimetric and polentio- 
metric measurements. Coml~ination ol'the two measurements 
all,,ws the calculation of more information ahout the glycine 
system than is availahle from either method ahme. Only 
standard lahoratorv instrumenl.atim is recluired. and design 
d t h e  experiment provides the instructor crmsideral~le flexi- 
I ~ i l i t y  for implrmenl;ltion. 

I n  aqrwous solution, the amino ar id  glycine exists i n  three 
l'orms: the I'uIIy ~,nrtunatt.d dil,asic I'orm. +NH:tCH2('00H: 
the m<,nopri,ticzwittrrion. +NH:iCHyCOO-: and the glycinate 
anigm. NH2('Hr('OO-. The  relative nmcentrat ims 01' these 
species depend on the p H  of the s i~ lu t i~ rn .  

' I ' i t ra t im ofglycine hydn,chluride w i th  sodium hydroxide 
produces a IIH t i trat ion curve typical 01' a weak diprot.ic acid. 
From this curve. onr  can determine values lo r  the two acid 
dissociation nmstants as well as the analytical concentration 
o f the  original glycine Itydrochloriile solutim. (:onductimetric 
mrmitoring also gives a l i t ra t ion curve w i th  twu equivalence 
points. Cornhination 111' the amduct iv i tv  curve w i th  infor- 
mat ion from the pH curve allows determination ol'values for 
the mcllar ionic conductivities of the protonated glycine cation 
and the elvrinate anion. The calculation illustrates the use of' 
t r : tnr l t . r~nw nurnlrrrs and 1hr conccnrrilti,m dt.liendenre c d  
~ n i < h r  I I ~ U ~ I I \ I ~ \ .  Finnllv. the task ~ ~ i r x v l n i ~ i i ~ l g  the i h n ~ e  
01' the conductivity curve is 01 pedagugical value. 

Titration Curves 

The two acid dissociation equilibria for theglycine system 
are 

+NH,,t'H2COOH(nq) ?!%~+(~,ql + tNH:iCHCOO-lnql 

i l l ld 

+NH:L'H2C00-Iaql $!?H+(nq) + NHrCHrTOO-(nql 

'The two t i t  ration curves are shown i n  Figure 1. The  equiva- 
l m w  ptbints 01 l h r  ~ ~ ~ ~ d t ~ c l ~ v ~ t y  ulirve a l ) p fw  :t. s i g n i l i ~ ~ l l t  
ch:~tiw. i n  4 t ~ 1 w  and u v r v l : ~ l r  n i t h  thaw 01 thv pH c iwe .  

Analysis o f  the conductivity curve is more complicated than 
that o f t h e  p H  curve hecause the conductivity at anv point 

T I T R A N T  V O L U M E  ( M L )  
Figure 1. Conductivity end pH fitration curves for tination of glycine hydrochloride 
with sodium hydroxide. 

depends on the n,ncentrafion and nature of al l  the ions i n  
solution. Initially, the plycine hydrwhloride solution contains 
protonated glyrine rations, chloride ions, and a significant. 
concentration olhydrogen ions and glycine zwitterions pro- 
duced I'rom t.he dissociation. 'The conrmtrat ion of hydroxide 
ions orodr~cecl from the ionization if water is negligible. The 

. . 
ions are lost also hu t  are replaced by sodium ions. which have 
a similar molar ionic crmductivity. 'The zwitterions which are 
produced are not  electrically mohile and do not contrihute t o  
the conductivity. 

The I'irst eqr~ivalence point is ohserved as a minimum in t he 
cond~~c t i v i t v  curve. whey? l he m n d w t i v i t y  is due only ti1 so- 
d ium and chloride ions. I'rotonated glycine. ylvcinate, hy-  
drogen, and hydroxide ions are present i n  concentrations tot) 
small to af fe i t  the total conductivity. As more sodium hy- 
droxide is added, glycinate ions are produced and, along wi th 
the added s d i u m  ions and t he increasing concentration 01 
hydroxide ions. cause the n~nduc t i v i t v  t o  increase. 

A t  the second equivalence point, essentially all of the glyrine 
is present as glyinate. Hepmd (.his point. the excess hydroxide 
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ions from the titrant cause the conductivity to increase with 
a greater slope. 

Calculations and Sample Results 

In the following discussion, the protonated glycine, neutral 
glycine zwitterion, and glycinate ion are abbreviated glyH2+, 
glyH, and gly-, respectively. Sample data from Tahle I are 
used to illustrate the calculations. 

The analytical concentration of glycine hydrochloride, Co, 
is calculated from the volume of titrant rewired to reach the 

The first acid dissociation constant, KI ,  may then be cal- 
culated from the expression 

.. . - . . . 
where [Hf]u is the measured hydrogen ion concentration of 
the initial solution of glycine hydrochloride and Co is the an- 
alyttcal concentration of glycine hydrochloride determined 
above. All activity coefficients are assumed to be unity. 

The second equilihrium constant is given by the expres- 
sion 

At the point in titrant volume halfway between the two 
equivalence points, the glyH is half-titrated and [glyH] = 
[gly-1. Thus, K2 is equal to the hydrogen ion concentration 
a t  this point. 

Using the value of Co and sample data from Tahle 1, KI  and 
K2 were found to he 2.3(+0.2) X 10-"nd 2.2(+ 0.6) X 10-lo, 
respectively. Literature values1 are 4.46 X lo-" and 1.67 X 
lo-'". 

T o  c o m ~ u t e  the ionic conductivities of the glycine species, . . 
one must kxpress the measured conductivity as a sumof the 
ionic conductivities: that is. 1000 s = 2i CiXi, where s is the 
conductivity of the solution in ohm-Icm-I, C, is the concen- 
tration of ion i in mol I-',  and X, is the molar conductivity of 
ion i in ohm-1cm2mtll-'. 

The titration solution contains varying concentrations of 
the three glycine species, as well as sodium, chloride, hydrogen, 

Table 1. Sample Data Summarye 

Initial solution: 75.0 ml of glycine hydrochloride 
Titrant: 01074 Msodium hydroxide 

Titrant 
Volume Conductivity 

lmll oH 110-'ohm-'cm-'l 

Initial solution 0.0 2.13 5.50 
First equivalence point 21.8 6.15 2.55 
Halfway between equivalence paints 32.7 9.65 2.93 
Second equivalence point 43.6 10.60 3.45 

a Peninsof valves from Figure 1 
Concentration to be determined. 

and hydroxide ions. The plyH zwitterirm can he eliminated 
I'rom the sum hecause it has ionic conductivity of zero. Thus, 
the crmductivity of the glycine solution at any point in the 
titration is given by 

In the initial solution of glycine hydrochloride, there is no 
sodium ion present, and the glycinate and hydroxide con- 
centrations are negligihle. The expression for the initial con- 
ductivity, so, is reduced to 

10.' ro  = CKiy~ZtAsiv~,+ + CCI-A~I- + ( I H + A H +  (1) 

At the second equivalence point, most of the glycine is in the 
glycinate fwm; the remainder is the non-conducting glyH 
from hydrolysis. The concentrations of both glyHaf and H+ 
are essentially zero. The conductivity a t  this point, s,, is 

1 0 : ' ~ ~  = C,ly-A,h,- + C N ~ + A N ~ +  t CCI-ACI- + COH-Am- ('2) 

Given the experimental values of no and s,, eqns. (1) and (2) 
can he solved for X n l r ~ , , +  and X,I,-, respectively. All of the 
crmcentrations in ti&: expresskns are determinahle from 
solution stoichiometry, the measured pH, Co, and the value 
of K2. The X values for the various ions are determined from 
literature They are plotted in Figure 2 as a function 
of a,ncentratian. (The commonly tabulated infinite dilution 
values are not appropriate for these calculations.) 

The sample data from Tahle 1 and Figure 2 yield the in- 
formation listed in Table 2. From this, h g ~ y ~ 2 +  and A,],- are 
calculated to be 34 i 8 and 16 f 7 ohm-'~m'mol-~, respec- 
tively. These values apply to one concentration only, about 
0.02 M in each case. The high uncertainties are due to p n p  
agation of errors in the sums. 

Student data may he checked for self-consistency hy com- 
paring the measured and computed values rlf conductivity at 
the first equivalence point, where only sodium and chloride 
ions are present in significant concentrations. The conduc- 
tivity computed from Tahle 2, 2.78 X IIl-~'ohm-'cm-', de- 
viates from the measured value (Table 1) by 9%. This devia- 
tiun is an illustration of the degree irl'uncertainty inherent in 
the experiment. 

It is advisable that students prepare or he provided with . ~ 

plots of mdar ionic ctmdurtivity versus concentration rather 
than use data directly from Figure 2. The Xi's are calculated 
from transference numhers2 and strong electrolyte mdar 

' "CRC Handbook of Chemistry and Physics." 58th Ed.. CRC Press. 
Inc., Cleveland, 1977-78, pp. D147, D151. 

Stokes. R. H., and Robinson. R. A , ,  "Electrolyte Solutions." But- 
terworths, London. 1959, p. 158. 

Daniels. F.. and Alberty. R. A .  "Physical Chemistry." 3rd Ed.. John 
Wiiey B Sons. Inc.. New York. 1966, p. 390. 

'Marsh. K. N.. and Stokes. R. H., Aosfralian J. Chem.. 17. 740 
(1964). 

For example, Markson Science Supplies. No. E-13003. 

Table 2. Processed Data 

initial First Second 
Species Solution Equivalence Point Equivalence Point 

con=.# A , b  Conc.' A," Conc X i a  

2.38 X lo-' - 0 - 0 QIYH~' 
- 

glyH 7.41 x lo-= 0 2.42 X 0 2.02 x w3 o 
0 - 0 - 1.77 X lo-" glY- 

- 

Nai 0 50.1 2.42 X 44.8 3.95 X l o r 2  43.6 

CI- 3.12 X lo-' 69.5 2.42 X 7 0 0  1.97 X lo-' 70.6 

Ht 7.41 X lo-' 341.3 7.08 X lo-' 349.8 2.51 X lo-" 349.8 

OH- 1.35 X lo-'' 199.2 1.41 X 1 0 F  199.2 3.98 X TO-' 199.2 

'Molar concenfrafiono calculstsd hom solution rfoichiometry. Ca, and pH. 

l values from Figure 2, in 10-30hm-'cm2mol~'. 
"value to be determined. 
d V a h  takes info account hvdrolvsis via extlerimental K,. 
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M O L A R I T Y  
Figue 2. Concentration dependence of molar ionic conductivities. Smaom curves 
were drawn through the points. 

conductivities.:'.~ The relationship relevant to a 1:l electrolyte 
is 

A ; ( U  = t d C )  x A,"(Cl (3)  

where Ai(C) is the molar ionic conductivity of ion i at con- 
centration C ,  t , ( C )  is the transference number of ion i in a 
stnmg electrolyte a t  concentration C ,  and A,(C) is the molar 
conductivity of the strong electrolyte containing ion i a t  con- 
centration C. Usually only the cation transference numbers 
are tabulated. The anion values may he determined from these 
since t +  + 1 - = 1. Since transference numhers for hydroxide 
compounds are not available in the literature, X may he cal- 
culated hy difference as  follow^:^ 

Apparatus 

A conductivity meter or bridge and a pH meter are required 
for this experiment. It is best to measure hoth pH and con- 

ductivity at small intervals throughout the entire course of the 
titration. This can he accomplished either manuallv or with 
an automatic system. In either case, hoth meters must first 
he calibrated, since absolute values of both quantities are 
needed. The titrant, which is standardized with primary 
standard potassium acid phthalate, should he a t  least three 
times more concentrated than the sample to minimize cur- 
vature of the conductivity function. 

For a manual titration, the buret reading, pH, and con- 
ductivity (or resistance) are recorded at small enough intervals 
to define the endpoints and halfway region adequately. The 
solution should be stirred continuously. 

The entire system can he automated easily by connecting 
hoth meters to a two-pen recorder or to two individual re- 
corders. Titrant must he delivered a t  a constant. measurable 
rate, for example with an inexpensive perista~tid pump."t is 
critical that the rate he slow enough to allow the conductivity 
cell time to respond fully to the changing concentrations. The 
recorder chart paper must he calibrated by the student for 
hoth pH and conductivity. To accomplish the pH calibration, 
the pen location and pH value of several standard huffers are 
marked on the chart paper. The calihration for conductivity 
can he done with a sample ofglycine hydrochloride. After the 
conductivity of this sidution is measured and the corre- 
sponding pen position marked on the chart, the sample is 
neutralized with several small portions of sodium hydroxide. 
The conductivity is measured and the pen position marked 
after each addition. The experiment is then begun with a fresh 
sample. 

Implementation 

The instructor has considerable flexihilitv in adiustine the 
conceptual level of the experiment to suicthe needs OF the 
curriculum. For example, the titratbn curves may he analyzed 
entirely on a qualitative level. This might involve comparison 
ofthe two titration curves as well as some qualitative discus- 
s im of the reactions and explanation of the shape of each 
curve. Or, some quantitative aspects may be included hv re- 
quiring calculation of equilibrium constants from the pH 
curve. At the other extreme, the full quantitative treatment 
as described herein could even he supplemented by calculation 
of theoretical titration curves, perhaps with the use of a 
computer. To facilitate implementation of the experiment as 
described, the authors are happy to supply full-sized copies 
of Figure 2 on request. 
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