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Abstract J Emulsions of glycerin and mineral oil were formed 
using anionic. cationic. and nonionic surlactants. Cctylpyridinium 
chloride and 2-aniino-2-methql-l.3-propanediol linoleic acid com- 
hinations were employed to stabilize emulsions stored at four dif- 
ferent temperatures for up to 120 days. Emulsions were prepared at 
thrcc concentration5 of each surfactant. The etfects of temperature 
and aging o n  droplet size and viscosity were evaluated. The droplet 
m e  and viscosity checks were made at  predetermined intervals 
throughout the study. The decrease in viscosity correlated well with 
droplet size growth. Only one cetylpyridinium chloride-stabilized 
emulsion showed positive signs of separation at the end of 120 days. 
All emulsions u.;ing 2-nmino-2-methyl-l.3-propancdiol separated 
at 45'. and the emulzion with the minimum 2-amino-2-methyl-] .3- 
propancdiol concentration wn\ also unstable at 35". 
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linolcic acid as stabilirers u Visco4ity. glycerin-mineral oil emul- 
sions with surfactants--+fTects of temperature 

Previous publications from this laboratory (1-7) de- 
scribed the preparation and properties of some non- 
aqueous emulsions consisting of olivc oil as the non- 
polar phase and glycerin, propylene glycol, or poly- 
ethylene glycol 300 as the polar phasc. Thc stability and 
viscosity changes of such nonaqueous emulsions over 
120 days were reported (4): two anionic surfactants 
(condensation products of ammonia and of 2-amino-2- 
mcthyl-l,3-propnnediol with the fatty acids available in 
olive oil) were used. Stable cniulsions were obtained 
with concentrations of ammonia and 2-amino-2-methyl- 
1,3-propanediol as low as 0.0006 and 0.002 y:, respec- 
tively. The emulsifying effects of other anionic, cationic, 
and nonionic surfactants on the glycerin-olive oil 
system also were described (1,  2). In a study (5) on thc 
effect of surfactant conccntration on thc interfacial 
viscosity of a glycerin-olive oil system, it  was demon- 
strated that stability can be achieved in  this type of 
emulsion with interfacial viscosities about 100 times 
lower than thosc considered necessary (8) in oil-water 
emulsions. When other glycols (polyols) wcrc uscd in 
conjunction with olive oil, the emulsions with glycerin 
were found (6) to be more easily made and more stable 
than those from other polyols. 

Although much work on emulsions is described in 
thc literature, these cited studies constitutc the ma- 
jority of available rcfcrcnccs concerning nonaqueous 
emulsions. These publications made no reference to 
the effects of temperature on thc nonaqueous emulsion 
system. The effects of temperature on emulsions with 

an aqueous phase have been reported (9-ll), but in- 
formation is needed regarding the effects of temperature 
on the stability of nonaqueous emulsions. For this 
reason, the present study was designed to explore the 
effects of temperature on selected nonaqueous emulsion 
systcms. To broaden these studies, mineral oil was 
selected as the nonpolar phase instead of olive oil. 

EXPERIMENTAL 

The glycerin used had a purity of 99%'. confirmed by its refrac- 
tive index. The glycerin was heated to 180" and then sealed to en- 
sure the absence of water. No further purification of any employed 
reagent was performed. When surfactant precursor amines were 
employed, I?(, linoleic acid2 was added to the mineral oil:'. 

A phase volume of 0.5 was used in all experiments. The two 
methods employed for the mixing of reagents were described pre- 
viously ( I .  2). Briefly. Method I consisted of adding the surfactant 
or surfactant precursor (amine) to the glycerin. Then an equal 
volume of oil (with the linoleic acid, if needed) was added to  the 
glycerin in a slow steady stream of about I ml./sec. while stirring in 
a blender'. The quantities of reagents and the procedure used in 
Method I 1  were the same as in Method I, except the surfactant or 
surfactant precursor was added to the oil. Then the glycerin was 
added to the oil with stirring. 

Emulsion btability was determined by close observation for 7 
days. At the end of this period, the preparations were examined 
both macroscopically and microscopically for layer formation. I f  
none was detected, the emulsion was termed "stable." 

Two surfactants were selected to stahilize the emulsions for the 
extended time -temperature studies. The employed surfactant con- 
centrations were determined as the lowest concentration producing 
stability for a t  least 30 days at room temperature. 10 times the lowest 
concentration. and a median concentration. Six solutions of the 
surfactants in glycerin were prepared. The surfactants used were 
2-amino-2-methyl-1,3-propanediol (3, 20. and 30 mg./100 ml. 
emulsion) and cetylpyridiniurn chloride (40. 220, and 400 mg./100 
ml.). Several sets of duplicate emulsions were prepared for data 
comparison. Extreme care had to be taken so emulsions would be as 
similar as possible. 

The temperatures involved were 0, 25. 35. and 35". Three sets of 
emulsions were prepared to represent each temperature and surfac- 
tant concentration used in the study. 

Particle-size studies were conducted by the use of oil-immersion, 
phase-contrast photomicrography, with light a t  475 nm. and 730 X 
magnification. Photomicrographs were prepared at predetermined 
time intervals (Days 1, 2, 4, 7. 14, 30, and 60 of the study) and were 
made for each surfactant concentration and temperature involved. 
Droplet sire change was followed by dividing the photomicrographs 
into areas measuring 3.0 selecting the squares at  random, and 
counting the droplets at ditferent sire intervals. 

The total volume of the droplets for each size interval was de- 
termined by using the formula: 

T,. = (11)(0,523cP) (Eq. 1) 

where T ,  = total volume of droplets within interval, I I  = total 

1 Colgate Palmolive Co. 
2 Fisher Scientific Co. 
3 Wnstach Chemical Co. 

Waritig modcl 702 BAW. 



DAY 2 DAY 4 
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Figure I-Photomicrographs of emulsion stuhilized with 3 mg. of 2-amino-2-methyl-I,3-propanediol and stored for 60 duys at 25 '. 

number of droplets within interval, d = mean droplet diameter of 
interval, and constant = 7r. 

The percent of the total volume within each interval for each day 
and temperature was determined by using the formula: 

A Coulter counter' was also used to determine the droplet size. 
Droplet counts were made immediately after mixing the emulsion 
with saline electrolyte (0.9% aqueous solution of sodium chloride). 
The results of the experiments using the Coulter counter were then 
compared with the results of the visual counting of the photomicro- 
graphs. The Coulter counter was used to determine droplet size of 

Viscosities8 of the emulsions were measured on the same days that 

6 Model B with plotter model J.  
6 Brookfield viscometer, model LVT, using spindles Nos. 3 and 4. 

:;Too = 
- T,. X 100 

(Tta + Td ... + Tbn) (Eq. 2, all duplicate emulsions. 

where XTma = percent of total volume of droplets represented for 
each size interval for a given day and temperature, and Tvo,vb...,,n = 
designation assigned to size intervals. 
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Table I Emulsifying Effect of Various Surfactants on Equal Volumes of Glycerin and Mineral Oil" 

Agent Pcrcent .%lcthod I b  Method IIb Emulsion Appearance 

Anionic: 
Tetrasodium N41.2- 

dicar box yet h yl kN- 
octadecyl sulfosuccinamate' 

sulfosu~cinate~ 
Dioctyl sodium 

Diamyl sodium sulfosuccinatec 
Sodium lauryl ether sulfate' 

Sodium lauryl sulfate 

Sodium stearate 

Calcium stearate 

2-Amino-2-met hyl- 1,3-propanediol 

Ethanolaniine 

Triethanolamine 

2.2-Diethyl- I ,3-propanedio11 

Tromethamincl 

Ammoniak 

Cationic : 
Benzalkonium chloride' 

Lauryltrimeth ylammoriium 
bromideJva 

Stearj ltrimethylamnionium 
chloridept' 

Stearyldimethylbcnzylammonium 
chloridern 

Laurylpyridiniuin c hloridem 

Polyoxyethylene sorhitan esters: 
Nonionic: 

Monolaurate (polysorbate 20)'l 
Monopalmitate Ipolysorbatc 30p 
Monostearate (polysorbatc 6 0 ) 1 ,  
Monooleate (polysorbate 80)4 

Monolaurate' 
Monopalmitatc 
Monostearatel' 
Monooleate' 
Trioleate'@ 
IMoiioolcatcc' (in oil) 

Triolcatei> 

Sorhitan fatty acid esters: 

Clycrryl monostearate. 
rclf-em ulsi fy ingr 

0 . 3  
0 . 5  
5 . 0  
0 . 5  
I . 0  
5 .0  
5 . 0  
0 . 5  
1 .o  
5 .0  

I . 0  
2 . 0  
5 . 0  
0 .25  
0 . 5  
2 . 0  

I .o 
2 . 0  
5 . 0  
0.002 
0.003 
5 . 0  
I . 0  
2 . 0  

10.0 
0 . 2  
0.25 
5 . 0  
0 . 5  
1 .0  
5 0  
0 .25  
0 .5  
5.0 
0.005 
0.01 
1 .0 

0.05 
0.1 

10 0 
0.  S 
1 .o 
5 . 0  
0 025 
0.040 
5 . 0  
0 . 5  
1 .0 
5.0  
0 . 5  
1 0  
5 . 0  
5 . 0  

6 0  
6 .0  
6 0  
6 . 0  

6 0  
6 . 0  
6 0  
6 .0  
6 0  
2 0  
3 . 0  
3 . 0  
6 .0  
2.0 
5.0 

Separation 
Emuhi tication 
Emulsification 
Separation 
Emulsification 
Emulsification 
Separation 
Separation 
Emulsification 
Emulsification 

Separation 
Emulsilication 
Emulsification 
Separation 
Emulsification 
Emulsification 

Separation 
Separation 
Separation* 
Emulsification 
Emulsification 
Separation 
Emulsification 
Emulsitication 
Separation 
Emulsification 
Emulsilication 
Separation 
Emulsilication 
Emulsification 
Separation 
Emulsilication 
Emulsification 
Separation 
Emulsification 
Emulsification 

- 

Separation 
Emulsification 
Emulsilication 
Separation 
Emulsification 
Emulsilication 
Separation 
Emulsification 
Emulsification 
Separation 
Emulsilication 
Emulsilication 
Separation 
Emulsification 
Emulsification 
Separation 

Separation 
Separation 
Separation 
Separation 

Separation 
Separation 
Separation 
Separation 
Scparation 
Emulsification 
Emulsification 
Emulsilication 
Emulsilication 
Separation 
Lmiil~ification 

.- 

Separation 
Separation 

- 
- 

Separation 

-. 

. ~~ 

Separation 

Separation 
 emulsification^ 
Separation 
Emulsilication~ 
Emulsiticationu 

Separation 
Separation 

- 

- 
- 

Separation 
- 
- 

Separation 

Separation 
Separation 

Separation 
Separation 

Separation 
Separation 

- 

- 

- 

Separation 

- 

Separation 

Separation 
Fmulsification 

Separation 
Emulsilication 

- 

- 
- 

Separation 
Separation 

Separation 
Separation 
Separation 
Separation 

Separation 
Separation 
Separation 
Separation 
Separation 

Separation 
Separation 
Separation 
Separation 
Emulsificationg 

- 

- 

Opaquc 
Opaque. semisolid 

Opaquc, white 
Opaque, white 

~ 

- 
Opaque, white, viscous 
Opaque, white, very 

viscous 
- 

Opaque 
Opaque, semisolid 

Opaque 
Opaque. semisolid 

Opaque 
Opaque 

White. cloudy 
Opaque, white, solid 

Cloudy 
Cloudy 

Opaque 
Opaque, very viscouc 

Clear 
Clear 

- 

- 

._ 

- 

- 

- 

Clear 
Clear 

Clear 
Clear 

- 

- 
Clear 
Clear 

Opaque 
Opaque 

Opaque 
Opaque 

Opaque. viscous 
Opaque, viscous 

Opaque 
Opaque. semisolid 

- 

- 

Insolublef 
Insolublel 
Insolublef 
Insoluble' 
Opaque 
Opaque 
Opaque 
Opaque 

- 
Opaque 



Agent Percent Method Ib Method I I b  Emulsion Appearance 

Glyceryl monostearate, 
nonself-emulsifyingv 

Polyoxyethylene derivatives : 
Polyoxyethylene (4) 

Polyoxyethylene stearate" 
lauryl ether' 

Polyol fatty acid esteP) 
Polypropylene oxidecc 

2.0 Separation 
5.0 Emulsification 

5.0 Separation 

2.0 Separation 
5 .0  Emulsification 

10.0 Emulsification 
8.0 Separation 
8.0 Separation 

Separation 
Emulsification0 

Separation 

Separation 
Emulsification 
Separation 
Separation 

- 

- 
Opaque 

- 
Opaque, very viscous 
Opaque, very viscous 

- 

a Representative results shoN 11 generally indicate minimum percent of surfactant effecting emulsification. (Nore: Numerous combinations o f  Arla- 
cels and Tweens were attempted with varying percentages of surfactants up to 8,Oz surfactant. All were unsuccessful.) h See text. c Aerosol 22, Amcri- 
c;ln Cyanamid C o .  d Aerosol OT, American Cyanamid C o .  c Aerosol AY. American Cyanamid Co. Sipon ES. American Alcolac Corp.  I Glycerin- 
in-oil emulsions. All others were oil-in-glycerin, * Macroscopic examination indicated emulsification, but scparation was noted within 7 days. i Carbide 
and Carbon Chcmicals Co.  I Comnlcrcial Solvcnts Corp. P Liquid ammonia obtaincd from condensation o f  ammonia gas. 1 Benzalkonium chloride 
(Zephiran Chloride. Winthrop Lab.) was ohtriincd by evaporation of a 12.8% aqueous solution and a 92.7% semisolid. The results shown are  from 
the 92.7:; prcparatioii. The other produced unstable emu sioiis below the 5 level. m K & K Laboratories. n Tween 20, Atlas Chemical Industries. 
o Tween 50. Atlas Chemical Industries. P Tween 60. Atlas Chemical Industries. q Tween 80. Atlas Chemical Industries. Arlacel 20. Atlas Chemical 
Industries. SArlaccl 40. Atlas Chemical Industries. 4 Surfactants indicated were insoluble in glycerin and/or  mineral oil. y Arlacel 60, Atlas Chemical 
Industries. I Arlaccl 80. Atlas Chemical Industries. = Arlacel 85. Atlas Chemical Industries. * Arlaccl 165. Atlas Chcmical Industries. y Arlacel 169. 
Atlas Chtxnic;il Industries. ZBrij 30, Atlas Chemical Industries. U'=Myrj 52. Atlas Chemical Industries. MArlatone T ,  Atlas Chemical Industries. 
cc Pluronic (PPO F-68). Wyandotte Chemical Corp. 

the photomicrographs were prepared. Four speeds were used: 0.6. for 0 and 25". The containers with the samples stored at 35 and 45" 
1.5. 3.0. and 6.0 r.p.m. Viscosity measurements of the emulsions were placed in oil baths to maintain a constant temperature 
were made at the same temperature at  which the samples had been throughout the viscosity determination. The readings were first 
stored. Temperature-controlled rooms provided the environment taken from the lowest revolutions per minute to the highest. Then a 

Table IILEffect o f  Age and Temperature on Droplet Volume of Selected Emulsionsa 

~ - - -  Diameter --_- - -Days- 
Range, P 1 2 4 7 14 30 60 

0.5-1 . O  
1 .o-2.0 
2.0-3.0 
3.0-4.0 
4.e5.0 

0.0-0.5 
0.5-1 0 
1.0-2.0 
2.0-3.0 
3.0-4 0 
4.0-5.0 

0.0-0.5 
0.5-1 . O  
1 .o-2.0 

0.5-1 .0 
1 .O-2.0 
2.0-3.0 
3.0-4.0 
4.0-5.0 

0.0-0.5 
0.5-1 . O  
1 .o-2.0 
2.0-3.0 
3.0-4.0 
4.0-5.0 

0.0-0.5 
0.5-1 . O  
1 .o-2.0 
2.0-3.0 
3.0-4.0 
4.0-5.0 

7.7 
72.4 
19.9 
- 
__ 

3.1 
70.4 
12.7 
13.8 
- 
- 

100 
- 
- 

7.7 
72.4 
19.9 
- 

7.2 
91 . O  
1.2 
- 
- 
- 

8.6 
90.2 

I .2 
- 
- 
__ 

3 mg./100 ml. 2-.4mino-2-rnethyl-l,3-propanediol at 0" 
1 . 5  I .2 1 . 1  1 .0 

24 9 20 5 19.0 18.5 
33.0 
39.3 

~. ~ 

38.6 
39.7 

35.8 
42.0 

35.1 
43.3 

1.3 - 2.1 2.0 

3.6 2.0 1.8 1.4 
80.2 48.4 47.9 44.4 
8.4 6. I 6.4 6.7 

20 rng./100 ml. 2-.Amino-2-methyl-l,3-propanediol at 25" 

7.8 
- 
- 

16 5 18.2 18.5 
12.4 
13.7 

.~ 

12.5 
13.3 

17.0 
12.0 

400 mg./100 ml. Cetylpyridinium Chloride at 25" 
100 74.1 63.5 
- 9.6 11.8 

- - 16.2 24.6 

0.9 

100 
- 

3 mg./100 ml. 2-Amino-2-methyl-1,3-propanediol at 35' 
- - - 

_ c  23.3 13.2 5.8 
73 9 53.4 37.8 - . .  . .  
0.6 
I .3 

23.2 
10.2 

38.9 
17.7 

220 mg./100 ml. Cetylpyridinium Chloride at  45' 
1.9 1.7 0.9 0.3 
37.0 34.0 21.4 12.2 
16.3 1 1 . 1  12.4 11.3 
17.5 33.7 37.1 30.6 
16.0 19.5 21 .6 27.4 
11.3 - 6.6 18.2 

30 mg./100 ml. 2-Arnino-2-methyl-l,3-propanediol at 45" 
- 1.9 1 . 5  0.1 

35.0 36.9 6.3 3.3 

29.8 
20.4 
- 

36.0 
5 . 2  

7.2 24.4 

1 .0 
17.4 
36.4 
45.3 - 

1 .o  
40.2 
6.6 
16.2 
14.9 
21 .0 

64.0 
14.6 
21.4 

- 
- 
- 
- 
- 

- 
8.0 
9.9 
23.7 
32.5 
23.0 

-e 
- 
- 
- 
- 
- 

Distribution is represented as percent of total droplet volumc mcasurcd in each yroup. b Slide damagcd. reliable readings impossible. c Demulsifica- 
tion observed. 
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22,000 

Figure 2-Plio1oi~iirrogrcipii of einiilsivn (30 nig./I00 nil. 2-amiiio-2- 
nierliyl- 1.3-propanedid) stored U I  45 */or I4 duys. 

revolutions per minute of fio was applied for 10 niin., and the vis- 
cosity was recorded as the revolutions per minute was decreased 
from 6.0 to 0.6. Thixotropy was demonstratcd when the up (or in- 
creasing revolutions per minute) readings exceeded the down 
readings. 

To check the validity of this work. duplicate emulsions of the 
samc concentrations were prepared. The viscosities of these emul- 
sions wcrc recorded for 7 days and compared with those of the test 
emulsions. 

Emulsion type was determined by both the phase dilution method 
and visual obxrvation. The addition of methylcne blue to the 
glycerin phase allowed sufficient observation with the use of an 
ordinary microscope to determine emulsion type. 

x 

RESULTS AND DISCUSSION 

The efl'ects of various anionic, eationic, and nonionic surfactants 
on glycerin mineral oil systems are given in Table I. All emulsions 
were of thc oil-in-glycerin type with four exceptions. These surfac- 
t a n s  or surfactant precursors were all stearate esters or salts. 
Similar results were reported previously with glycerin olive oil 
systems ( 1 ,  2). 

Although linoleic acid was added to the mineral oil when pre- 
cursor amincs were employed, stearic acid and palmitie acid also 
produced satisfactory results but required high concentrations. Fur- 
ther studies with stearic acid added to the mineral oil are presently 
being conducted in an cfforr to produce other glycerin-in-oil emul- 
sions. 

The photomicrographs produced a record of droplet siie growth 
(Fig. 1). This was clearly seen when lower surfactant concentrations 
were employed. No droplet size change was apparent in emulsions 
prepared with high surfactant concentrations and stored at 0', 
while other emulsions exhibited droplets of various sizes (Fig. 2) .  

Methods o f  particle-size analysis (12, 13) have been described, 
as have the problems of photomicrography (12). The use of oil- 
immcrsion, phase-contrast photomicrography eliminated many 
problems. The slides from which the photomicrographs were made 
were prepared several hours in advance to reduce particle movement. 
This procedure proved to be very satisfactory. Even at the high dc- 
gree of magnificatioii employed, droplets below I p in diameter 
were dificult to resolve. Debpile these limitations, the photomicro- 
graphs provided B reliable method from which droplet size data 
were obtained. 

L 
1 2 4  7 14 30 60 

Figure 3-Cvmparisoii of ui'erage riscosily change vf selected emul- 
sions stored ar diferent temperarrtres. Key: 2-aminc-2-methyl-l,3- 
propanedid, 3 mg./ I00 ml. emulsion, 25 ', -. - ; 2-amino-2-methyl- 
I,3-propanediol, 20 mg./100 ml., 35 ', -A-; 2-amin~bme1Iiyl- 
I.3-propuncdiol, 3 mg.1100 mi., 35", 4-: 2-umino-2-methyl-1,3- 
propariediol, 30 mg.lIOO ml., 45 -), -P-; arid cetylpyridiiiium chlo- 
ride, 40 mg./100 ml., 45", - X --. 

DAYS 

The Coulter counter instrumcnt was used to confirm the data ob- 
tained from the photomicrographs. In almost every case, the data 
from the two methods were comparable and were in almost exact 
agreement in several instances. 

One problem encountered with the Coulter counter was that 
of aggregation after the addition of the electrolyte solution. This 
became more marked with time, as reported previously (14, 15). 
It has been observed (16) that the Coulter counter is ideal for in- 
vcstigating aggregation phenomena. Count loss has also been re- 
ported ( 17). 

Because of the Occurrence of aggregation, the droplets of the 
emulsion samples were counted immediately after the introduction 
of the saline electrolyte. This sharply reduced aggregation and, as 
stated previously. gave results that were in agreement with those 
from the photomicrographs. 

The droplets were counted from the photomicrograph in size in- 
tervals of 1 p. l h e  intervals used were: <0.05-1, 1-2, 2-3, 
3 4 ,  4-5, and > 5 p .  Very few droplets with a diameter >5 p were 
present in the stable emulsions. However, some larger droplets 
were seen in some emulsions prior to demulsification. As close to 
1007; of the droplets as possible were represented in the caleula- 
tions. 

All diol-linolcic acid-stabilized emulsions stored at 45 O were 
unstable. The preparations with a surfactant concentration (2- 
aminc-2-methyl-l,3-propanediol) of 3 and 20 mg./100 ml. of emul- 
sion were also unstable at 35". Only one quaternary amine- (cetyl- 
pyridinium chloride) stabilized emulsion showed positive signs of 
separation. This cmulsion, stored at 45", had a quaternary amine 
concentration of 40 mg./100 ml. Although some inherent error was 
introduced, the droplets were assumed spherical and the mean 
diameter was determined by using the midpoints of the respective 
intervals. This procedure gavc a parameter by which the change in 
droplet volume of the various emulsions could be compared (Table 
11). As the size of the droplet increases, a small number of droplets 
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can exert a great inHuence on the total combined volume of the 
droplets. The total volume of the internal phase generally increased 
throughout the test period. 

Droplet size data obtained from duplicate emulsions were gen- 
erally within 5:: of the data of the test emulsions. Viscosity data 
correlation was more difficult. although results generally agreed 
within IOU,. Exceptions were found in both cases, however. Care 
in emulsion preparation was extremely important in obtaining 
closely correlated data. 

Representative examples of viscosity changes are found in Fig. 3. 
Viscosities of emulsions stored at  high temperatures decreased more 
rapidly than those of emulsions of the same surfactant concentra- 
tions stored at a lower temperature. A decrease in viscosity generally 
corresponded with droplet size growth. This was very evident just 
prior to demulsitication of the unstable emulsions. As expected. the 
viscosities of the emulsions stored at 0" were extremely high and ap- 
peared very stable. The emulsion viscosities increased with in- 
creasing surfactant concentration, a property dcscritwd previousl) 
(18). 

Thixotropy was exhibited after the 14th day of the study. The 
hysteresis loop can he drawn for a large number of the emulsions at  
all temperatures involved (Table 111) .  Somc emulbions of high sur- 
factant concentration stored at the higher tcmperatures formed gels 
and exhibited erratic viscosity readings. Thixotropic properties 
have been shown to exist with othcr nonaqueous emulsion qs tems 
(4). 

SUhIh1 ARY 

Emulsions of glycerin and mineral oil aere  L'repared using a 
number of different wfac tan ts .  Emul\ion\ of the gllcerin-in-oil 
tlpe were produced onl) with tlic usc of stcarate salt or stearate 
ester surfactantb. 

Emulsions with 3. 20. and 30 mg.! 100 ml. of 2-amino-2-methyl-l.- 
3-propancdiol and 40. 220. and 400 mg./IOO ml. of cetylpyridinium 
chloride were prcpared for lenipcraturc studies. The emulsions were 
stored at 0, 25. 35, and 45'. Emukion \talilit). droplet sire, iind 

Table 111-Effect of Shear Rate and Age on Viscosity of Selected Emulsionr 

Shear Rate 
(Spindle 
Speed), __ __ Viscoc,ity, cps.~---- - - - - - - - - - _ _  

Sample r.p.m. Day 1 Day 2 Day 4 Day 7 Day 14 Day 30 Day 60 

3 mg./100 ml. 
2-Amino-2-met hyl- 
I ,3-propanediol, 0" 

20 mg./100 ml. 
2-Amino-2-met hyl- 
1,3-propanediol, 25" 

400 mg./100 mi. 
Cetylpyridi n iu  m 
chloride. 25" 

40 my./100 ml. 
Cetylpyridinium 
chloride. 35" 

30 mg.1100 ml. 
2-Amino-2-methyl- 
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viscosity were studied on Days 1, 2. 4. 7, 14, 30, and 60. Day 1 cor- 
responded to the day the emulsions were prepared. 

When stored at high comparable temperatures for the study 
period. emulsions stabiliLed by a quaternary aniine (cctylpbridinium 
chloride) were more stable than those stabilized by a surfactant 
precursor amine (7-amino-2-rnethpl-1.3-propanediol) and linoleic 
acid. All emulsions stored at  room temperature (25‘-) and at 0’ 
were stable. 

Photomicrographs were used to study droplet size change. High 
surfactant concentrations retarded droplet size growth. A sudden 
increase of droplet sire preceded demulsilication. as was very evident 
at high temperatures. 

A rapid decrease in viscosity preceded demulsilication. At high 
temperatures, the cetylpyridinium chloride-stabilized emulsions 
formed loose gels and exhibited erratic readings. 

Thixotropy was demonstrated as the emul5ions were allowed to 
age at least 2- 1 weeks. I t  was manifested by the change in viscosity 
readings as the stress was increased from 0.6 to 6.0 r.p.ni. and then 
reversed from 6.0 to 0.6 r.p.m. 
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Preformulation Studies 11: Stability of Drug 
Substances in Solid Pharmaceutical Systems 

J.  TINGSTAD’ and J. DUDZINSKI 

Abstract The stability of drug substances in solid pharmaceutical 
systems is discussed. Theoretical models for various situations are 
proposed and their practical implications are considered. 

Keyphrases 0 Preformulation theory -stability of drug substances 
in solid pharmaceutical systems 0 Drug stability in solid phar- 
maceutical systems- -theor). preforinulation CI Solid drug sys- 
tems-stability of drug substance, theory 

The stability of drug substances in solid pharma- 
ceutical systems has been discussed in some detail 
previously (1  I 1 and the references cited therein). How- 
ever, further treatment of the subject seems desirable for 
the following reasons. 

1 .  In  spite of the importance of solid dosage forms, 
there are relatively few quantitative reports on their 
chcmical stability, primarily because of the complexities 
and dificulties involved. 

2 .  This paper presents a somewhat different point of 

3. Some theoretical conccpts need further clarifica- 
view than those of most references cited previously. 

tion and application to  practical stability studies. 

DlSCUSSlON 

Quantitative chemical stability studies on drug substances in 
solid dosage forms are dilTicult to perform for two primary reasons. 
First, analytical results tend to have more scatter because tablets 
and capsules are distinct dosage units rather than the true aliquots 
encountered with stability studies on drug substances i n  solution. 
Second. tablets and capsules arc heterogeneous and discontinuous 
systems involving gas (air and water vapor), liquid (e.g.. adsorbed 
water). and solid pliases. all of which can vary in  concentration 
during an experiment. 

Analytical error can be minimired by ensuring that content uni- 
formity is satisfactory before initiating stability studies. The prob- 
lems arising from the heterogeneity associated with these bystems 
are more difficult to overcoinc. but the primary prerequisites for 
dealing with them are an awareness of their existence, an under- 
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