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"Vere dignum et justum est, aequum et salutare, nos tibi 

semper, et ubique gratias agere, Domine sane e, Pater 
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PREFACE 

The bio-ahemist is now thouroughly interested - in the 

theories and principles which underly physical Chemistry. 

The results of these investigations &re such, that 

they haTe brought about a ch&nge in the· treatment of many 

dise&sea. It shall b-e the purpose of this paper to illus­

trate by experiment the importance of these theories and 

principles in oral antiseptics. · 

It shall be endeavoured ·to show th&t an orel antise­

ptic with a low surface tension is necessary for gooi ad­

sorption. 

Tha t good adsorption is neeessary in order to reach 

· the bacteria that are in the deep crevices of the mouth. 

The human subject was giTen a uniform amount of ·solu­

tion to wash his mouth with, for a prescribed time, at 

regular intervals; cultures were then taken before, and 

after each washing in order to determine to so~e degree 

the amount of adsorption. 

Gratitudes and acknowledgments are made to all who 

ha.Te coopera_ted in whatever manner, shape, or form either 

in the past, or rece11tly in this research work. Speci­

fically to Prof.Dr. H. Heinrich, for his words of encoura­

gement, "Everything comes to him that waits," Prof. Dr.F. 

C • r~oles, Prof. E. Wallner, Messrs. C. Barta, • Kleis, 

and .Kocowsky. 

lwaukee, Wisconsin 
April, 22, 1952. 

Edmund A. Dsiennik 



r. Theories of surface tension: adsorption; and bacterial -
surfaces in oral antiseptics. 

The mouth of eTery being. man or be~st, is seething 

with micro-organisms. Many of which are necessary and use­

ful for such processes as mastication, digestion, respiration, 

and excretion of waste products. The life of the bacteria 

depends upon the processes mentioned, and others, because it 

gets its nourishment by diffusion of the various life giving 

substances through the cell membrane of the organism. Only 

in this way can the 11 Ting protoplasm encased in the membr&ne, 

maintain its well being. 
Diagram showing diffusion of solution through cell 

membrane: 

(13) 

A. Accelaration o_f a high surface tension solution. B. Of 
a solution with a surface tension reducent. 

From the above it is seen that the oral -antiseptic in 

order to be effective must be in solution. so that itmay read­

ily diffuse through the cell membrane of the organism. The 

greater the diffusion the greater are the ob.a.noes of killing 

the bacteria. 

The surface tension .of a solution is lowered by adding 

to it a surface tension reducent whlch makes it possible for 

a gre& t many more molecules of the ( oral antisepti<:) solution 



to diffuse into the cell. The theories of surface tension, 

adsorption, and bacterial surfaces shall be presented in 

the order named. 

1. It is a well established fact that liquid surfaces pos­

sess the property to contract to the smallest possible area. 

It is evident in the spherical form of small drops of 

liquid. 

Plateau (2) studied the forms assumed by liquid surfaces, 

and showed that their surfaces are always curved, and that 

their tendency is to contract. 

It is the property of a molecule in a liquid which ac­

counts for this tendency of the surfaces to contract. Mole­

cules possess a definite size, and shape in all states of 

matter; in liquids they are kept close to each other by the 

cohesional forces between them; the forces do not prevent 

the kinetic movement of th& molecules. 

The molecules on the surface are attracted inwards; 

there is, however, no outward attraction to balance the in­
ward attraetion, because there are none outside. For this 

is the reason why every surface molecule is subject to a 

strong inward attraction, perpendicul&r to the surface. (~) 

The -well known rise of a liquid in a capillary tube is 

si~ply an automatic recording of the pressure difference 

across the meniscus of the liquid in the tube, the curvature ­

of the meniscus being determined by the radius of the tube 

2. The Physics and Chem. of Surfaces; - N. K. Adam, 1, 1~30 



and the angle of cQ.ntact Fig. l between solid and liquid. 

P-a point on curve 
P1 pressure on cones.Te side . 
P2 pressure on convex side 
Z- above lefel: A-below level 

Fig. 1 

Di-density on lower side 
D2-density on upper side 
r -radius of tube: R-r ii 

of meni sous: 
-surface tension 

Fig. 2 

--··· l.: . 
_ _it - ; - - - -

---- ··-------.:·-------------------- - -

Let r be the radius of the tube, Q the angle of con­

tact between liquid and glass ( generally zero). Then the 

radius -of curvature is~ and the pressure under the men­

iscus becomes less than that at the. same height. in a liqui d 

with a plane. sur face by 2 . cos Q~ · Thts. produces a driTing 
·. r 

pressure tending to force the liquid. up the tube. and the 

meniscus to a heigh~. h, if D1-D2 is the difference between 

the densities of the liquid rising in the tube~ and the 

surrounding fluid, . h must be giv.en .by _2-T'cos ·9 , : g h (D1-D2 ) r I 

or ~cos "G:1/2 g . r · h (D1 -D2 ) "The liquid ~l.ows up the tube 

under hydrostatic pressure ._n Surface tension being effected 

. by temperature, must be taken at the same. temperature for 

accur&te height. readings. 

The methods and details necessary __ to obtain the highest . 

accura cy by the capillary beitht method are more fully 
. . 6 7 

discussed by Richard end Coombs. and Richard and Carver, 



v. 

and Harkins and Brown. 8 

2. Adsorption. It is a well known fact that substances 

which reduce the surface tension of solutions collect 

about any surface or particle v.b ich may be in contact with 

the solution,_ by a process of_ mechanics.l adsorption. 9 It 

is for this reason why the molecules of the antiseptic 

which are_ equally distributed throughout the solution, are 

immediately adsorbed upon . the surface of the b&cteria with 

which it might come in contact. · 

All tissue surfaces have microscopic crevices, fibrils, 

and interstices, in the depths o~ which there may be large 

numbers of organisms • . The oral antiseptic must necessarily 

penetrate .into these oavi tie.a_, in arde.r _ to ha Te the surface 

· adsorb the solution, . then . to. di~fuse still deeper into 

these tiny. c apill aries, or else any organism that remains 

in them, .r .ema ins uninjured. 

Figure 4. 

+ t- + -t- + -t -+ -f- t- ~ -t- -,- -r -t 
-r -t- -t- ~ -t- t- -t 

+ + +- -,- T r-t-
+ r -t- '°1"\.-t ' 

+ -r .,. r -t-~ 
+ -r 

+ + + -t ,,_ -r 
+ ..,... 

+ .. 1- --+- -t--
+ t-

+- + + .,.. T -t -t- t-
-t- t-

+- t- i- + + -r + r ..... ""t T + T -t-

A. Adsorption of a non reducent s olution by bacteria, show­

ing equal distribution. 

B. The mechanical _ads orp tion · by bacteria .of solutions with 

lower surface ten sion; showing .molecules on · surface. 

3. Bacterial aurf ·ces; Alth ough the surfa ces of bacteria 



·v1. 

are not strictly eolid, yet the reections- which occur on 

them, hsve so muoh in common with reactions which occur 0 n 

solid surfeces when pls..ced in __ contact with an adsorbent. 

Chercoal will adsorb coloring matter from solution. Bac­

teria will adsorb coloring matter from a solution; exam­

ples can b·e found that hold for gases also. Qua.st el ( lO) 

and his colleagues, give a lengthy account of the reaction 

of the surfaces of Bacilli Coli in methylene blue. They(ll) 

showed that some of the bacteria had ads.orbed so much of 

the methylene blue•- that they could not be anymore induced 

to star~ growing and proliferating again on nutrient aedis. 

This shows that a reaction took place on the surface of 

the bacteria. Figure 5. 

~ 
\ ,_ 

A. A surface showing angle· and crevice. 
B. Surface covered by a liquid of high surface tension. 
c. Same surface covered by a liquid, with a. low surface 

tension. ( 13) 
3. Ibid 2, 1930 
4. Ibid F. G. 4~ 16, 1950 
5 The Physics and Chem. of Surfaces N. K. Adam, 17. 19~0 
6. J.A.c.s. 1656, 1915 · 9. Dental Cosmos. W.A. 
7. Ibid 827 ,. 1921 · - Feirer, Sept •• 1927 
8. Ibid 50~ 1919 ( 10 )Bio-Chem. J. Q.uastel20 , 166. 1926 

' (11) Ibid Q.uastel and Woodbridge, 21, 1224. 
1927 
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IT Oral antiseptics investigated. 

The following oral antiseptics were investigated: 

Antiseptic Solution I~. F., Gl¥CO Thymoline, Hexyl Re_sor­

cinol, Hydrogen Peroxide, Lavoris, Listerine~ Pepsodent, 

and Zonite. 

These substances were used because tbey are ext~nsively 

used, and are n~tionally known. 

The capill~ry rise method was employed to determine 

the surfece tension of these various antiseptics. For the 

experimental details of this rne.thod, Richards, Carver, 
(12) 

Hunten and Mass may be consulted. According to their 

experiments and opinion, the percentage of error is the 

least in the capillary rise method. 

The apparatus used for the determination of surface 

tension is shown in Fig. 6. A capillary tube: A, of 

uniform bore, is beld in position in the test tube, B, 

by means of a stopper. The liquid whose surface tension 

is to be measured, is introduced into tube, B, ·cork in­

serted, end tube placed inside of the larger .tube, C. 

Water is placed in tube, C, which is placed in another 

water bath, D, the temper &.ture is kept constant, the 

· capillary elevation of t he liquid is measured by a . cen­

timeter scale. i. back of tube. A. The vents in both 

stoppers permit the exccpe of vapor from the liquid in, 

B, and C, insurirtg equal pressure inside and outside 

12~ J. A. C. Sj 166--1929 -
13. Journa1 lnfectuous Diseases, M. Frobisher, 66,~8,1926 
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the apparatus. The surface tension of a liquid has been 

found to depend upon the nature of the liquid, and upon 

the. temperature. For this reason the bath must be k~pt 

at a constant teinpera.ture. The fol1owing aoncentra tions 

were used: 1 •· Full strengtll 
2. 2oi " 
:3. 4i " 
4 • . 2~ " 

The concentrations were ~elected because they are recom­

mended ·by the manufacturers of the prepar.s.tion@• D'tff'e­

rent eoneentrations .. are . necessary .for open cuts, and 

wounds mouth washes, and eye baths. 

The following technique was 

followed in all the surface tension 

determinations: · 

1. The water bath was kept ~-- _ 

at a constant temperature, 20°c.; 

t 

2. The pyenometers :used 

for density determinations 

were always washed in an acid 

clesning solution, rinsed well 

Jt __ I __ 

E 

with wa ter, placed in oTen, dried 

in dessicator, oool ed, used 

again~ 

,;.. ...... The capillary tube 

was wsshed in an acid solution, 

rinsed with .water and alcohol, 

plac e d in oven, dried, cooled, 

used again. 

Fig. 6 
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Free from foreign substances such as aromatic oils. 

4. The following formula was used: 

2,:cos. Q-g h d or 
f " 

d:density 
ll:height in om. 
g:dynes fore 
r:radlus of tube ~os Q-1/2 g h d rt Since cos.9 is 

- so small, it shall be ~ :surface tension 
consi4ered as cos. Q:O. 

Since the diameter of the tube was unkown. it was 

found by formula; by filling the tube with mercury; 

s.nd its Tolume determined. The radius was then calcu­

lated. 

h:length of tube 
r:radius 
V:volume 

D: K 
T 

'tr: 3.1416 
K:llass 
D:densit7 

V: :?T ·r2 h 

2 _L_ 
r :----n- h v- )I -,---

r~ 

It was also measured with the microscope. 

h:capillary rise in -cm. 
d:density of solution: wt. 

vol. 

g:dynes ·of force 980 
r:radius of tube:.04649cm. 

Surface tension: 1/2 h d gr. 
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Table 1 -
Surface Tension of: Antiseptic Sol. N. F., Glyco Tby­

moline; Hexyl Reaorcinol; Hydrogen Peroxide; Lavoria; 

Listerine; Pepsodent, and Zonite, at 20° C.; Radius 

of tube .04649 om. 

(D} Density: (H) Height in Cm.: (S.T.) surface Ten­

sion in dynes. (F.S.} Full strength: 

Substanoe 

Antiseptic 
Solution 

n 

" 

Conaen­
tration 

F.S. 

Glyeo Tbymol. F.S 

" . 

" 

" 
Hexyl Resorc. F.S. 

" 

" 
,, 

Hydrogen Perox. f.S. 

" 

" 
,, 

Lavoris F.S. 

D. 

.950 

.989 

.999 

1.06 

1.01 

1.00 

1.01 

1.08 

1.01 

1.00 

1.00 

1.01. 

1.00 

1.00 

1.00 

.998 

1.46 

1.76 

1.8 

1.65 

1.40 

1.49 

1.09 

1.~o 
1.72 

1.47 

1.64 

1.57 

1.71 

1.74 

39.21 

39.66 

40.96 

39.84 

32 .. 21 

25.08 

31.99 

39.68 

33.48 

i2.67 

35~76 

38.96 

~9.56 



Substano• 

LaToris 

" 

" 
Listerine 

" 

" 
n 

Pepsodent 

" 

" 
" 

Zonit 

" 

" 

Con en- D, 
tration 

20~ .999 

4~ • 998 

2% .989 

,. s. . 966 

2oi .9~5 

4~ .998 

2% 1.00 

F.S .998 

20~ .999 

4% .999 

2% 1.09 

B'.S 1.1 

20% 1~02 

4% 1.01 

. H. 

1.2 

1.81 

2.06 

1.60 

1.66 

1.60 

1.54 ' 

1.4~ 

1.8 

2.10 

1.86 

1.78 

2.40 

2.60 

n. 

s. T. 

27.31 

41.16 

46.19 

32.26 

~7.4 

36.38 

36.08 

40.97 

48.90 

44.6 

66.77 

69.82 

B. For determining the adsorptioned value of an oral 

antiseptic as a mouth wash it was necessary to .h&Te bu an 

subjects. The subje.cts were tolft the purpose of the ex­

periment. Consent was giwen on condition that the names 

of the bacteria. and the bacterial count would not be 

. mentioned. Therefore names of the bacteria found and 

their counts shall not be given because of the trust. 

Coaparative adjectives shall be used instead, as an in­

dication of the effectiveness: 

Procedure: 1 • . 80 QC of a l to i solution was ms.de 

of all the antiseptic~; good for four mouth washings, of 
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20 co eacll. 

2. A culture was taken from each subjects mouth 

with a sterile applicator. before each washing. 

3. The culture was placed on an agar media, pl~ced 

in an incubate~, and inoubated for 48 hours. 

4. The growth was determined at the end of 48 hours. 

6. ' The oral antiseptic was held in the mouth for 

two minutes , then ejected. 

6~ The moutb was washed hourly~ 

7. Fasting was obs·erved· during tbe entire four 

llours. 

A day elapsed before g·roup B. of the antiseptics could 

be .. tested. It was impossible to have the subjects present 

on · the following day. and also because some of the solu­

tions ir~itated the subjects gums. 

Technique. 

The applicators were sterilized in gas heated oYen 

for an. hour, and sea.led in sterile envelo_pes. 

The agar media, was ma.de by dissolTing 31 gm. of Agar 

in 1 liter of hot distilled water. Then poured into 6 

inch test tubes. The tubes were then placed into an 

toclave steam ateriliz.er, at 130° c. and 25 lbs. pres­

sure. The test tubes were se·aled by a ootton wad, and 

sterilized by holding it over an open flame. The 

incubator was electrically heated, and regua.l ted, for 

33° .c. u.~. Dept. of Public Health. technique w~s followed 

in general 



Table IT 
(Sub.) Subject; (Con.)Conoentration; ( A. s. )Amount of sol-

ution in oe.; ( T. 5.) Time solution held in mouth in mi-nu-

tea; (Cul.)Culture No. 1 hr. interval; . (Grow. ) Growth; 

(Eff.)Effectiveneaa. 

Sub. Substance . Con. A.S • T.S. Cul. Grow. Eff. 

A Pl + Control 

" Pepsodent · 2 F,C:' ~"JC 20 2 P2 t- No not-
iceable 

" " " " " P3 +-. Fewer 

" " " " " P4 + Less 

" " " 'n " P6 + Least 

B Hl .,.... Control 

n Bexyl Res- 25% 20 2 H2 1-' Slightly 
corcinol reduced 

n " " " " H3 -t- Same 

" " " 
n ,, 

" H4 t- Greatl7 
reduced 

" " " " " H6 + Fewer 

C Zl r Control 

" Zonite 25% 20 2 z~ + Few 

" ft " " " Z3 +- Least 

" " n n " Z4 t- Same 

" " n " " Z5 + Fewest 

D Ll +- Control 

n Listerine 26'6 20 2 L2 + Same 

" " " n " L3 ..,.. Fewer 

" " " " " L4 . + Fewer 

" " tt n " L6 + Same 



Group B. 

Sub. Substanoe 

A 

n 

" 
n 

" 

B 

" 
n 

n 

" 
C 

• 

Glyoo Tllymo;. 
line 

" 
" 

" 

LaToris 

n 

n 

" 

Con. 

n 

n 

" 

" 

" 
" 

" J.ntiseptic Sol. 26~ 

" 

" 
" 
C 

" 
" 
n 

" 

" 
n 

Hydrogen Per­
oxide 

" 
,, 

" 

" 

" 

" 
" 

" 
t1 

" 

A.S. 

20 2 

n " 

" 
n 

20 2 

" " 
n n 

" " 

20 

" " 
. n " 
" " 

20 2 

" 

" n 

" " -

Means tb.at bacteria were present. 

Cul. Grow. Eff!I 

Gl 

G2 

G3 

G4 

G5 

Rl 

R2 

R~ 

R4 

R6 

Al 

A2 

A3 

A4 

A5 

01 

02 

03 

04 

05 

+ Same 

+ Fewer 

+ Same 

+ Slightly 
reduoed 

t- Control 

+ Same 

-,. Fewer 

-,.. I.ess 

+ Same 

+ Control 

+ Same 

+ Fewer 

+ Same 

.+ Less 

+ Slightly 

t Fewer 

+- in 

..,.. ea.ca 

+ culture 

Cultures H5 and P5 show the least amount of bacteria 

oTer the control. Cul turea A2 and A6 show a reduction 



over the control. In general all cultures show a reduc­

tion over the control. . 
Cultures of series P, H, and Z, showed the least 

bacteria growths. T~e bacteria present in some control 

cultures had entirely disappeared in the later ones, 

showing by experiment the germicidal and ad_sorpti ve e'ffea­

ti veness of the solutions. 

C. ~he combined results show that an oral antiseptic 

must not only haYe a low surface tension, but that it 

must also have a high germicidal coefficient. 

Hydrogen Peroxide for instance has a much lower sur­

face tension and a much lower germicidal coefficient than 

Zonite. 

Lavoris and Pepsodent have a surface tension nearly 

alike. Therefore both must have penetrated to the same 

depth•. Allowing the rate of diffusion and of adsorption 

to be the same · for each; it would be expected to ~et the 

same germicidal coefficient, wbieh however ., was not tbe 

cs.se, as each was different. ~ssuming the bacteria with­

stood the chemical reaciton within its protoplasm of tbe 

former . but not of the latter. Or possibly there was a 

· chemical reaction between tbe organic matter in the mouth, 

and the antiseptic. This proTes that the chemical or 

chemicals in Pepsodent are more injurious to bacteria., and 

more stable, than those of Lavoris. If not tbe bacteria 

would have survived and kept on multiplying as in Lavoris. 
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However, it is not entirely fair to make this comparison 

as a different subject is involved. wita · each oral anti­

septic. The physical development of the bacteria could 

have been differerit in eacb oase eTen if they were the 

same type. 

The following antiseptics were used in the order 

named, by the same subject on alternating days: Zonite, 

Antiseptio Sol. N. F., and Hydrogen Peroxide, therefore 

it is a better oom:parison. The second and third have 

lower surface tensions tban the first, the third is 

lowest. As germicides they rank in the following order: 

Zonite, first; Hydrogen Peroxide, second; and Antiseptic 

Sol, N. F.; third; again proving that the constituent cbe~ ~ 

mioals in the antiseptic constitute an important p&rt in 

the oral antiseptic.. And that surface tension and iff­

fusion of the antiseptic into bacteria alone will not 

kill the bacteria, it must be the chemical _that sets up 

an injurious reaction to tl1e bacterias' p·rotoplasm. 

that decides the germicidal effectiveness of an oral 

antiseptic to a large extent. 

Pepsodent and Hexyl Resorcinol showed that they haTe 

within their solution the combined requisites, low sur­

face tension, high adsorption, chemical stability, and 

high germicidal properties. The former is an alooholio 

solution which would imply that th!3 chemical aonsti tuent 

is not a surface tension reducent; but that the alcohol 

is added as a surface tension reducent. The latter is 
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an equeoua solution which implies that the chemical · 

constituent itself is a surface tension reducent and a 

strong germicide. All the solutions are alcoholic 

except the following: Hydrogen Peroxide, Hexyl Resoroi­

nol, and Zonite. 

D. · Getting uniform capillary rise was experienced witb 

some of the solutions, with an oil and alcohol content, 

which may have been due to ionization, or some other mole­

cular, or physical resction. T~e reading of the plane 

surface and meniscus was also difficult at times, and in 

order to have preater accuracy, tbe apparatus would have 

to be improved for this difficulty • 

. There is still much to be investigated in the ad­

sorption theory. tny is it that some· bacteria can with­

stand one germicide and not another, even if the surface 

tension is low? Wby some germicides_can kill the bacteria 

in a weak s olution and not in a highly concentrated solu-

t . 'I ion. 

In order to get good adsorption, it is tbe writers' 

belief that it might be useful to saponify _the organic 

substances in the mouth. This would leave the surface 

clean and more free of organic matter. The antiseptic 

woula then not be reacted upon to the same degree by 

the remaining organic substances, and the germicidal 

effectiTeness would increase &ccordingly, as it would 

penetrate deeper, and would be ·adsorbed more • . 

There are many phases of this problem to be inves-
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tigated. Research must be. oa.rrie.d on until a sol ution 

or substance is ~ouni that will overeome all or most of 

these obstacles. The problem is large, and important 

beeause it involves living matter, and the well being of 

man. It has been proven by experiment that a. good oral · 

antiseptic in order to be effective should have these and 

other properties: 1. A low surface tension. 2. High 

penetrating power. 3. High adsorptive power. 4. High 

germicidal power. 

The best way · to keep down the bacterial content of 

the mouth would be by brushing the teeth and gums regu- . 

larly and using a good oral antiseptic after it; so ae 

to disinfect the surface, of the muouous membrane. 

Deo Gratia, 
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