
Rate Studies on the Hydrolysis of Niacinamide 
By PER FINHOLTt and TAKERU HIGUCHI 

The apparent first-order rate constant corresponding to the hydrolysis of niacin- 
amide has been determined over the p H  range 0.4-1 1.3 in  purely aqueous solutions 
at 89.4'. Although the pH-rate profile shows a minimum between p H  4 and 6, the 
reaction velocity is relatively slow over the usual pharmaceutical range. Surpris- 
ingly, the second-order proton catalyzed rate constants for the free vitamin and its 
protonated form appear to be roughly the same. The hydrolytic reaction appears 

to be subject to both general acid and general base catalysis. 

IACINAMIDE is one of the most stable of the N vitamins in common use. It has been re- 
ported (1) that  a 10% niacinamide solution in 
water may be autoclaved at 120' for 21) minutes 
without any degradation occurring. The great 
stability of niacinamide is probably the reason 
why there has been so little work done on the 
kinetics of the niacinamide hydrolysis. The only 
kinetic study reported in  the literature was made 
by Jellinek and Gordon ( 2 ) ,  who studied the 
hydrolysis in hydrochloric acid solutions They 
found that  it differed from the hydrolysis of other 
amides such as benzamide in that the first-order 
rate constants for the hydrolysis did not pass 
through a maximum between 3 and 4 N hydro- 
chloric acid. There was a steady increase in 
the rate constant with increasing hydrochloric 
acid concentration from 0.05 N up to 8 4 N .  
Jellinck and Gordon did not study the hydrolysis 
in less acidic solution nor in alkaline medium. 

The scope of the present work was to  study the 
hydrolysis of niacinamide both in acidic and in 
alkaline solution, and to determine to  what ex- 
tent the hydrolysis is catalyzed by hydrogen and 
hydroxyl ions and by general acids and bases. It 
is known from the literature that  the hydrolysis of 
amides may be subject t o  general acid base 
catalysis. .4s a n  example may be mentioned the 
hydrolysis of chloramphenicol, which is catalyzed 
by ammonia and ammonium ions, mono- and 
dihydrogen phosphate ions (3), undissociated 
acetic acid, mono- and dihydrogen citrate ions, 
and monohydrogen oxalate, succinate, tartrate, 
fumarate, phthalate, malonate, glutarate, and 
adipate ions (4-6). 

It isassumed that thebreakdownof niacinamide 
can be attributed solely t o  the hydrolytic cleavage 
of the amide linkage according t o  the equation 
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EXPERIMENTAL 

Materials.-The niacinamide used was niacin 
amide U.S.P. from Mallinckrodt, recrystallized 
from benzene. All reagents used were of analytical 
grade. 

Assay. --The study of  the hydrolysis o f  niacin- 
amide required an assay method which permitted 
an accurate determination of niacinamide in the 
presence of nicotinic acid. For the separation of 
the two compounds an ion exchange procedure 
recommended by Sweeney and Hall (7)  was used 
According to this, nicotinic acid a t  pH 4.5-5 was 
quantitatively adsorbed by the anion exchange 
resin IRA-400, while niacinamide was not adsorbed 
and was determined in the eluate. 

For the determination of niacinamide in the 
eluate, ultraviolet spectrophotometry was used. 
The absorption spectrum of niacinamide has a 
maximum at  262 mp. The molar absorptivity 
is dependent on pH, as seen from Fig. 1. The pro- 
tonated form of the amide has a higher molar 
absorptivity than the nonprotonated form. I n  
order to convert the amide completely to  its proto- 
nated form, lOyo concentrated hydrochloric acid was 
added to  the eluate before the reading in the 
spectrophotometer, a Cary recording model 1 lMS, 

Pn 

Fig. 1.-Plot showing the pH dependency of the 
molecular extinction coefficient of niacinamide a t  
the absorption maximum at 262 mp. 

655 



656 

was made. A linear relationship betwecii A2B.,mp 
and concentrations of niacinainide ranging from 1 t o  
,-) mg. in 100 ml. was found. 

The complete assay method was as follows: 
An aliquot part of the sample, usually 2.00 ml., is 
added to  the ion exchange column (Fig. 2) and 
adjusted to  a pH o f  about 5. The column is washed 
with water. To the washings are added 1 0  ml. o f  
the concentrated hydrochlork acid and water t o  
100 ml., and the absorbance measured in U.V. 
The content of niacinaniide in the solution is read 
from a standard curve. 
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and catecholate was used as buffer, the air in the 
anipuls was replaced by nitrogen. 

In  cases where the half-life was shorter than 2-3 
hours, e.g., in strongly alkaline solution, the follow- 
ing technique was used: the alkaline buffer solution 
was heated t o  89.4" in a 100-ml. volumetric flask 
in a constant temperature bath, and 122 mg. of 
niacinamide dissolved in 1 ml. of the same solution 
were added. Five-milliliter samples were with- 
drawn a t  appropriate intervals, mixed with a cal- 
culated amount of 500/, sulfuric acid, and cooled in 

As far as those experiments are concerned where 
the main purpose was determination of the catalytic 
effect of a certain buffer, a series of solutions of 
differelit buffer concentrations but t he  same pH and 
ionic strength were required. To be able to cal- 
culate the composition of these solutions the pKa 
of the acid component in the buffer mixture was 
determined at 90" and at the actual ionic strength. 
The following equations were used for the actual 
calculations 

At  p H  valucs less than 4 

Ice. 

H 
I CY 

Fig. 2.-Ion exchange tube used for the separation 
of niacinamide and nicotinic acid. 

By analyzing 30 samples with known content of 
niacinamide and niacin, 99-100.3% (average 99.6y0) 
of the niacinamide was recovered. Sweeney and 
Hall found that about 0,8Y6 of the niacinarnide was 
hydrolyzed during the ionic exchange procedure. 
According to our results the amount hydrolyzed was 
even less. In no case will the hydrolysis on the 
column have :my influence on the results of our 
kinetic studies. 

High amounts of electrolytes in the solution on 
the column may, t o  some extent, displace the 
nicotinate iou from the column. With normal 
sodium chloride, for example, it was possible to 
elute nicotinic acid quantitatively. To analyzc 
samples containing relatively high :trnounts of 
electrolytes it was, therefore, first necessary to 
determine the arriouiit of the sample which may be 
collected through the column without gctting any 
nicotinic acid in the eluate. 

The procedure descrihed proved to be satisfactory 
even in the presence of catechol, since this compound 
was firmly adsorbed by the resin. 

Hydrolysis Experiments.-In most cases the 
fc llowing procedure was used : 122 mg. (0.001 M )  of 
niacinamide was dissolved in 100 ml. of the appro- 
priate buffer solution. The solution was placed in 
5-ml. ampuls and heated t o  89.4' in a constant 
temperature bath. Anipuls were taken out of the 
bath at appropriate intervals, cooled in ice, and the 
solution was analyzed. When a mixture of catechol 

lbasel + [H+I 
[acid] - [H+] pH = pKa + log 

.\t pH values 4-8 

At pH values greater tlmn 8 

[base] - [OH-] 
lacid] + [OH-] 

p H  = pKa + log . - y -  

[acid] and [base] are the measured amounts of the 
acid and the base component o f  the buffer mixture. 

p H  was dctermined at 90" with a Beckman 
expanded scale pH mcter. 

Determination of pKa of the Prontonated Form 
of Niacinamide.-The pKa of the protonated form 
of niacinaniide was determined spectrophotometri- 
cally at room temperature, using the equation 

a N H +  - a pKa = pH - log ___ 
a - ax 

where U N H +  = inolccular extinction coefficient of 
the protonated form of niacinamide, a~ = molecular 
extinction coefficient of the nonprotonated form of 
nincitiarnidc. a = the observed molecular extinction 
coefficient, and UNH+ and U N  were determined in 
siilutions of  pure NH ' and N. .I pKa o f  3.40 was 
found. 

plia was determined elcctrornetrically a t  25" and 
a t  90" ( p  = 0.5). The following values were found: 
pKa a t  25" = 3.42 and pKa a t  90" = 3.12. 

RESULTS AND DISCUSSION 

Order of Reaction with Respect to Niacinamide.- 
The rate of disappearance of niacinamide from the 
solutions was found to be strictly first order with 
respect to niacinamide at p H  values from 0 4 up  to  
11 3. There was a linear relationship between 
time and logarithm of residual niacinamide concen- 
tration, as shown in Fig. 3. 

Primary Salt Effect.-In strongly acidic solution 
the first step in the hydrolytic process was presumed 
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OH 

Since a reaction between two charged zpecics was 
involved in the hydrolytic process, a primary salt 
effect was expected. The existence of such : i i i  

effect is obvious from I'ig. -1 where tlic log o f  tlie 
K i t e  constant k has been plotted against the squarc, 
root of tlie ionic strength p .  The k values werc 
found by making runs using 0.1 .V l~~-drocliloric acid 
or 0.02 -Y prrchloric acid or 0.2 .Y pcrcliloric acid t o  
wliicli different amounts o f  sodiuni chloridt~ 11;itl 
I)eeii atltletl. ;\cc(~rding to  tlie theory o f  Hriinstetl 
: ~ n d  Rjerrum. there is a linear relatioilship bet WITII 

log k aii t l  tlie square root of  the ionic strengtli w l i c i i  

two ciiarged species react i l l  dilute solutioi; 
( v ' p  <o.B).  .\t ~ i i g ~ i e r  concentratioiis tlic situaticm 
is niore coniplex. It is thcrefore rather surprisiiig 
tl i i i t  wc find a ne:irly linear relationsliil) I)etweeri 11)g 

in I;ig. +. Bcc:iuse of the primary salt effect in acid 
solutioiis :ill expcriruents in the acid regioll wcre 
carried cut :it the same ionic strengtli, n a i n c l ~ ~  
p = 0.5. 

In  :ilkaline siilution (pH 7-12) niacinainitlc will 
csist in tlie ~ioiichargctl f o r m .  Experiments carried 
iiut in strongly alkaline solution showed, 21s ex-  
prctrd, that there was no primary salt effect untlcr 
these conditions. The same half-lives were fount1 
with 0.1 ,V sodium hydroxide as with 0.1 M sodium 
hydroxide containing 0.5 JIsodium chloride (Fig. 5) ; 
;ind thc same v:ilucs were obtained with 0.025 '1' 
hariuni hydroxide its with 0.025 S Ixtriuiu IiJ~tlrci\ide 
containing 0.5 sodium chloride. 

:Illd v ' p  :It d p  VL4lUeS frlJlll 0.2 Ul) t o  1, :lS Sh l ) \V l l  

- I . O L  
0 . 2  N H C l O I  

I 
0 . 2  0.4 0.6 0.8 1.0 

4- 
1:ig. 4 .  PI(its hliowiiig tlie effect of t k  i6nic 

.;trrrigth ( p )  o n  the rate ( J f  niacinamide hydrolysis 
i i i  stroiig acids a t  8 Y . 4 " .  The ionic strength offhe 
:icitis was varied t ) y  :ttltlition of different amounts 
o f  sodium chloride. 

I 
10 20 30 4 0  6 0  

T I N E  IN N I N U T E I  

I'ig. s,--Eot si:owi:ig t!ie rate ( i f  :ii:icinatiiidr 
Iiqtlrolysis i i i  0 . 1  N s(~diuni l~ytlroxide ( 0 )  and i n  
0.1N sodiuni 11ytIr11.de containing 0.5.V sodium 
chloride (x).  The coincidence of tlie experimentally 
determined points shows that the rntc of nincinaihitle 
Iiydriilysis is independriit o f  ionic strcngth. ., 

.. 

Catalytic Effect of Hydrogen Ions and Hydroxyl 
Ions on the Hydrolysis of Niacinamide. The 
catalytic effect of 1iydr1)gen ions 0 1 1  thc hydrolysis 
o f  the protonatid form of niacinarnitle was tletrr- 
niincd by  using hydrochloric acid or perchloric acid 
( [ I 1  ' 1  9 0.1) as  solvent^. See Tublc I .  :It tliesc 
high hydrogen ion concentrations niaciriarnide will 
csist c i r i l y  in the protonated form. 

The  catalytic effect of hydroxyl ions was tleter- 
mined by using solutions of sodium hydroxide o r  
barium hydroxide as solvents. 

Catalytic Effect of General Acids and Bases on 
the Hydrolysis oi  Niacinamide. Thc catalytic 

See Table 11. 
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TABLE I.-cATALYTIC EFFECT OF HYDROGEN IONS 
ON THE HYDROLYSIS OF THE PROTONATED FORM OF 

NIACINAMIDE 
I 

Jourfial of Phurmaceiitical Sciences 

k ,  kH+ ,- 
hr.? hr.-l  mol.-] 

Acid lH+l x 102 L. x 10 . .  

H C1 0 .  10 3.41 3.41 
HC1 0.50 19.4 3.88 
HCIO4 0.20 6.79 3.40 

u Average: k ~ +  = 3.6 X 10-1 hr.-1 mol.-I 1. 

TABLE II.-cATALYTIC EFFECT O F  HYDROXYL IONS 
ON THE HYDROLYSIS OF NIACINAMIDE 

koH-.a  

Base [OH-] hr.-l X 10 L. 
NaOH 0.05 6.87 13.7 
NaOH 0 ,  10 14.0 14 
NaOH 0.20 32 .8  16.4 
Ba(OH17 0.02 2.75 13.8 

k ,  hr.? mol.-' 

Ba( OH ji 0.025 3.16 12.6 
Ba( OH 0.05 6.87 13.7 
Ba(0H)T 0.10 17. 7 17.7 

(1 Average: koH- = 14.6 h r . 7  m o l . 3  I.. 

effect of certain buffers was determined by making 
runs with each buffer, varying the total buffer 
concentration but keeping the pH and the ionic 
strength constant in each series. By plotting the 
observed k values against buffer concentration. 
straight lines were obtained, the slopes of which 
were a measure of  the catalytic activity of the 
buffers. 

Figure 6 shows that phosphate buffers with pH 
10.19 and pH 10.33 have a catalytic effect on the 
hydrolysis of niacinamide. At pH 8.64 the effect is 
very small. The phosphate buffers with pH 8.64 
were solutions of Na?HPO4. The catalytic constant 
of HP04' is obviously very small compared to the 
catalytic constant of PO,'. The small slope of the 
line corresponding to pH 8.64 may be attributed 
partly to  the amount of PO," ions present in the 
NazHPO, solutions. 

For the hydrolysis of niacinamide in the actual 
phosphate buffers the following equation is valid 

k = ko + KHPOI- [HPOd-l 4- kpo~-[P04'1 (Eq. 1 )  

At pH 111.33 and pH 10.19 ~HPOI-[HPO~-]  is 
negligible compared to k~o4=[PO4'] and may be 
omitted, thus giving 

k = k,i + ki>o,= [PO4'] (Eq. 2) 
ko is equal to  k a t  zero buffer concentration, i.e.. 

equal to the intercept of the lines with the y-axis. 
[PO4'] may be calculated from the equation 

where C = total buffer concentration and ka3 = 
10-1@,72 (89.4' and p = 0.75).' 

Using Eqs. 2 and 3, the run at pH 10.33 gives 
kpO1= - 6.8, the run a t  pH 10.19 gives kp04= = 
6 5. 

Figure 7 shows the catalytic effect of phosphate 
buffers pH 6.40-7.70. There is an increase in k 
with increasing buffer concentration especially a t  

Average kp0.l' = 6.65 hr.-I mol.-' L. 

I A 0.2 M phosphate buffer pH 10.19 has ,, = 0.7$  

I 

- - pH 8.64 
I Y 

0.05 0.10 0.15 0.20 0.25 

BUFFER C ~ N C E N T R A T I O N  MIL 

Fig. 6 -Plots showing the effect of phosphate 
concentration on the pseudo first-order rate con- 
stant of niacinamide hydrolysis a t  fixed pH values. 
All the runs were made at  89.4' and a t  ionic strength 
of 0.75. 

pH 6.93 

pH 6.73 

,w 6.W 

0.05 0.10 0.15 
BUFFER CONCENTRATION MA 

Fig. 'i.-Plots showing the effect o f  phosphate 
concentration on the pseudo first-order rate con- 
stant of niacinamide hydrolysis a t  fixed pH values. 
All the runs were made at  89.4' and at  ionic strength 
of 0.75. 

the highest pH values. The catalytic effect of 
these buffers seems, however, to be mainly due t o  
the catalytic effect of the POa- ions present. The 
following calculation indicates this. 

.it pH 7.7 the increase in k going from zero buffer 
concentration up to 0.15 M is 0.72 X lop3. At pH 
7.7 [PO4-] = 1.28 X I0-l calculated according to 
the equations 

[H~POI-]  
kar X kan 

[P04'1 = IH+l2 

where kat = IO-"'5 (90' and p = 0.75). kp(.)43 

i.e., nearly equal to the increasc in k. 
x [PO,"] = 6.65 x 1.26 x io-+ = 0.84 x 10-3, 
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X similar calculation using the results froin the 
experiments at the lower pH values show that it1 
most cases the increase in k is a little higher than 
what would have been expected if PO," was the only 
catalytic species. 

The catalytic effect of HnP04- is shown in Fig. 8. 
If we assume that the increase in k may beattributed 
solely to a catalytic effect of H2P04- on the non- 
protonated form of niaciuaniide, calculation gives as 
result 

~ H ~ L ' o ,  - = 4.4 X I()-' hr. --I niol. -1 L 

Figure 9 seems to indicai e that  H2P04- has a more 
pronounced catalytic effect on the hydrolysis of the 
protonated form o f  niacinamide than on the 
hydrolysis of the nonprotonated form. There also 
seems to  be a catalytic effect of the undissociated 
phosphoric acid on the protonated form of t h e  
arnide. 

Higuchi and collaborators (6) have shown that 
the "half salt" o f  dibasic carboxylic acids, such as 
oxalic, succinic, tartaric, fumaric, phthalic, malonic. 
glutaric, and adipic acid has :L strong catalytic 

" '0-  
P 
X 

v) 

5 9- 

6SY 

I I I I 
0 .I 0.2 0.3 0.4 0.5 

H,PO,- CONCENTRATION MIL 

Pig. 8.-Plot showing the effect of dihydrogeri 
phosphate concentration on the pseudo first-order 
rate constant of niacinamide hydrolysis a t  89.4' 
and at ionic strength of 0.5 and pH-4.50. 

pH 2.51 

BUFFER CONCENTRATION M I L  

Fig. 9.--Plots showing the effect of phosphate 
coticentration on the pseudo first-order rate cow 
stant of niacinamide hydrolysis a t  fixed pH values. 
.311 the rutis were made a t  89.4" and at ionic strength 
of  0.5. 

p n  2.80 

p H  3.15 
p H  351 

I 1  B U F F E R  CONCENTRATION M I L  p H  3 . 9 9  

Fig. 10.-Plots showing the effect of oxalate coti- 
centration on the pseudo first-order rate constant 
of niacinamide hydrolysis at fixed pH values. All 
the runs were made a t  89.1" and a t  ionic strength 
of 0.5. 

1 

0 0s 0.10 0 IS 0.20 
BUFFER CONCENTRATION Y / L  

Fig. 11.-Plots showing the effect o f  catecholate 
concentration on the pseudo first-order rate coti- 
stant of niacitiamide hydrolysis a t  fixed pH values. 
All the runs were made at 89.4" and a t  ionic strength 
of 0.2. 

effect on the hydrolysis of chloramphenicol. A 
similar effect could not be demonstrated for the 
"half salt" of oxalic acid on the hydrolysis CJf 

niacinamide (Fig. 10, curve marked pH 2.80). 
With decreasing pH, i.e., with an increase in the 
concentration of undissociated oxalic acid and of 
protonated niacinamide, there is a slight increasc 
in the catalytic effect of the oxalate buffers. 

Catechol catalyzes, according to  Higuchi and 
collaborators (6), the hydrolysis of phosphonate 
esters. In the present work the influence of 
catechol on niacinamide hydrolysis has been studied 
(Fig. 11). The great difference in slope between 
the two lines on Fig. 11 seems to  indicate that  the 
catalytic effect of  the  catecholate buffers must he 
attributed mainly t o  the double charged catechol 
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anion. pKa of catechol was determined t o  be 8.65 
a t  89.4” and ~.r = 0.2, which was the ionic strength 
used in the hydrolysis experiments. 

The evaluation of the catalytic effect of borate 
buffers gives rise to certain problems, because these 
buffers do riot contaiii only undissociated HaBOn 
and H,BO:,- ions, but also the ions BOr- and B40;=. 
The actual concentratioii o f  each of these ions caw 
not be determined and it is therefore impossible to  
make an accurate calculation of the ionic strength 
of the buffer solutions and to calculate the catalytic 
constant of each species. The first of the difficulties 
mentioned may be handled by using the buffer in a 
relatively low concentration and adding a relatively 
great amount of a neutral salt. The ionic strength 
will then be determined mainly by tlie neutral salt. 
In our experiments the total buffer concentration 
never exceeded 0.15 ill atid sodium chloride was 
added to p = 0.75. 

pKa of boric acid was detrriiiiiied to  be 8.42 at 
yoo ~ 1 t 1  ~1 = 0.75. I t  is obvious froin Fig. 12 that  
the catalytic effect of borate buffers is due mainly 
to  the “borate” ions, not t o  undissociated boric acid. 
.4 calculation o f  tlie catalytic constant of the borate 
ions, assuming they all exist as HzBOa-, gave results 
varvina from 0.7 X lo-’ (at pH 7.65) UP t o  1.2 X 
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lo--& ( 2  p~ 8.7i). 
oH-Rate Profile of Niacinamide Hvdro1vsis.- r-- -~ ~ 

The pH-rate profile (Fig. 13) shows ;he relation 
between pH and log k at zero buffer concentration. 
pH of the strongly acid solutions a t  89.4” and = 
0 . 5  were calculated from the equation 

pH = - log [Hf]  -t 0.08 

The above relationship between p H  and [H+] 
was obtained as the result of pH measurements in 
acids of known hydrogen ion concentration a t  89.4’ 
and p = 0.5. In a sirnilar manner we found the 
following relationship between pH and [OH-] 
at 89.4” and p = 0.75 

pH = L % . l l  $- log  OH^ I 

This equation was used for calculating the pH 
of the strongly basic solutions. 

In the :Ilkaline region the phosphate mid borate 
buffers were adjusted to  an ionic strength o f  0.75. 
The ionic streugth of the catecholate buffers was 
0.20. The pH of these buffers a t  i~ = 0.75 werc 
found t o  be equal t o  the pH at p = 0.20 less 0.15. 

At zero buffer concentration the following reac- 
tions will contribute to the overall velocity o f  t he  
hJrdrolysis 

N + + Hi- -t products, rate constant 
N + H +  + products, rate constant 
S+ + H 2 0  - products, rate constant 
S + HsO + products, rate constant 
S+ + OH- - products, rate constant: k o c ‘  
S + OH- - products, rate constant: k o i c ’ ’  
AT+ = protonated form of niacinamide 
r\; = nonprotonated form of niacinainide 
[NT ]  = IS] + “+I 

The overall velocity is equal to the sum of the 
rates of all these reactions 

_ -  ‘“” = kkr+’[-T+j  [H+]  + k ~ + ” [ N l  [H+] + 
at 
k ~ ~ o ‘ [ X + ]  [HzO] f [ k ~ z o ” ]  [NI [Hi01 4 

\ko~r-’] \X+I [OH-] + lkoH--”] IN IOH-1 (Eq. 4) 

I , J 
0.05 0.10 0.1s 

BUFFER CONCENTRATION M I L  

Fig 12.--Plots showing the effect o f  borate con- 
centration on the pseudo first-order rate constant 
of niacinarnide hydrolysis a t  fixed pH values. All 
the runs were made at 89.4’ and a t  ionic strength of 
0.75. 

1 I 

PH 

Fig. l3.--Plot showing the relatioti between p H  
ailc! the log of the pseudo first-order rate constant of  
niacinainide hydrolysis a t  89.4’ arid zero buffer 
concentratioii. The dotted S-shaped curves show 
the amount of the protonated ( N H + )  and nonproton- 
ated (X) form of niacin:midc it1 relation to pH. 

In fairly strongly acidic solution the last four 
terms of Eq. 4 will be negligible compared to the 
first two terms and may be omitted, thus giving 

Because of the overall first-order character of thc 
hydrolysis the following equation is valid 

Combining the last two equations and the equation 

gives 
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The fact that the pH-rate profile is a nearly 
straight line from pH 0.4 to  pH 3.5 shows that kH+' 
and kH+" must be of the same order o f  magnitude, 
thus giving 

k = [H+][kH+'] = [H+] kH+" 

log k = -pH + 0.08 + log kA+'  

I f  kHtn had been different from ka+'  there would 
liavc been a break in the curve around pH = pKa = 
3 . 1 .  

1 1 1  fairly strongly basic solutiou the five first 
terms in Eq. 4 may be omitted. Doing this and 
combining with Eq. 5 gives 

k =  OH-* [OH-] 

log k = pH - 12 f log koH-" 

In accordance with this last equation the pH-rate 
profile is a straight line between pH 8.4 and 11.3. 
Between pH 6.4 and 8 however, the experimentally 
determined k values deviate from the straight line. 
The deviations were greatest when phosphate was 
used as buffer [the 6 points lying farthest away from 
the dotted line (Fig. 13) correspond to k values ob- 
tained from experiments with phosphate as buffer]. 
The deviations were relatively small when borate 
was used as buffer (corresponding to the 3 points 
closest to the dotted line). With catechol catechol- 
ate as the buffer, the deviation was intermediate 
(the point with the coordinates 7.9-2.5). 

In the pH region 6.4-8 the data suggest that 
reactions other than the hydrolysis catalyzed by 
hydroxyl ions and the buffers may participate sig- 
nificantly. I t  is difficult to say what these reactions 
are. One must keep in mind, however, that in the 
pH region 6.4-8 the half-life of niacinamide is very 
long, 10-100 days. This means that the niacin- 
amide solutions in our experiments had to  be heated 
at  89.4' from one to  several weeks. During this 
long period of heating the solution will attack the 
glass surface and extract products such as silicates 
and metals, which may well have a catalytic effect. 
Phosphates are known to be especially aggressive 
against glass. In addition to  this, the glass surface 
itself may act as a catalyst, thus promoting a 
heterogeneous catalysis. 

The pH-rate profile seems to level off earlier than 
would have been the case if k H 2 0 '  and kHso" had 
Ixcn negligible. This means that a t  pH 4.5-6 
the overall velocity is mainly determined by the 
noncatalyzed hydrolysis. 
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SUMMARY AND CONCLUSIONS 

The hydrolysis of niacinamide was found 
to  be first order with respect to  niacinarnide over a 
wide range of hydrogen ion concentration (pI1 

The rate of the hydrolysis has a minimum 
at pH 4.5-6. In  this region, the half-life of 
niacinamide was about I000 days a t  89.4". 

The hydrolysis is catalyzed by hydroxyl 
ions and hydrogen ions. The  catalytic constant 
of the hydroxyl ions was found t o  be k o H -  = 1 l . t ;  
L. hr.-I mol.-l at 89.4O. The catalytic effect of 
the hydrogen ions was determined t o  be nearly the 
same for the hydrolysis of the protonated form of 
niacinamide as for the hydrolysis of the non- 
protonated form, KH+ = 3.6 X 10-I  L.hr. -l rnol.-l 
at 89.4". 

4. The hydrolysis is catalyzed by general 
acids and bases. The  highest effect was produced 
by  the triply charged phosphate ion. Consider- 
able effects by the doubly charged catechol ion 
and the borate anions were also noted. Mono- 
and dihydrogen phosphate ions were found to  
have a very small effect on the hydrolysis of the 
nonprotonated form of niacinamide. Mono- 
hydrogen phosphate seemed t o  have a somewhat 
stronger effect on the hydrolysis of the protonated 
form. The hydrolysis of this form also appeared 
to be slightly catalyzed by undissociated phos- 
phoric acid and oxalic acid. 

-4 positive, primary salt effect was noted 
in strongly acidic solution; bu t  none in strongly 
alkaline solution was noted. 

1. 
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