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CHAPTER I . 

Intro duc tion . 

Chlorbuto l , whic h is tri-chlor-tertiary-butanol, was fi rs t 

prepared b y Willgerodt in 1886 (1) . The reaction he used for its 

preparat ion is still u s ed today, t h ough slightly modified (2)(3)(4), 

and 1s suggested b y its original name ~acetone-chloroformn . The 

substance was prepared by adding soli d potassium hydroxide to a 

c old mixture of a c etone and chloroform (5 ) . 

Chlorbutol i s a d eri v ative of the trichlorinated derivative of 

methane, and its formation may best be des c ribed by the USe of struc­

tural formulae. 

.. _--­... ~./ 

CH Cl 
i 31 

H C--C··C-C I 
3 1 I · 

OH Cl 

Carbonyl compounds form co n densation products with hydrogen-

contai n i ng c ompounds . On e el ectro n pair of the carbonyl bond 

t e n d s to b ecome d ~tached fr om the carbon at om so as to form a lone 

pai r on the oxygen atom. 

"'-'. ~ e 
..... C- o 

The c arbonyl group become s polarised and it can be surmised that 

the primary reaction in the formation of chlorbutol is the nucleo-

philic attack of the OH- on the polarised carb onyl group. 

foll owed by the addition of the proton (6)(7). 

H. C. \ :-13 17CC I O-~ C i 3 ... ~ , ~ r .) I 
H

3
C/-C=O - ---:;> H3C----yo ·J»H3C--y"--f-rl 

0
9 

0
8 

Cl 

This is 
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H3C CI 
I I H3C-f-y -·- --CI 

. OH CI 
The Use of such a substance as a preservative for ophthalmic 

and parenteral solutions is based upon the antibacterial effect of 

the chlorine in the molecule (8). 

Parenteral solutions were first used over one hundred years 

ago, and by 1853 a simple syringe with a hollow needle had been 

invented (9). Serious complications often followed medication by 

this route. Substances such as chloral hydrate and glycerin were 

added to the solutions as antiseptics to reduce these adverse effects. 

Hypodermic tablets, to be dissolved immediately before injection , 

were also used in an attempt to reduce febrile reactions (9). 

In 1910, intra-muscular and intra-venous injections were first 

described in a pharmacopoeia (10), but their current widespread use 

had to await the discovery of a suitable means of preservation from 

.bacterial and fungal contamination. Many sUbstances, including 

phenols, cresols, mercurials, p-hydroxybenzoic acid esters, and chlor­

butol, were suggested and tested for this purpose. 

Today, a large number of agents are available. Their variety 

suggests that there is no single substance satisfactory for use in 

all pharmaceutical preparations and such is indeed the case. 

The use of ophthalmic solutions has a much shorter documented 

history, Eye-drops and eye-lotions Were widely used by 1932 (11), 

but were not included in the British Pharmacopoeia of that year (12). 

By 1938 a more realistic attitude to ophthalmic solutions was 

apparent, and in Great Britian the sterility of such solutions was 

considered necessary. Sferilisation was achieved by the adaptation 

of the methods used b, · the production of parenterals (13). , 
No such criteria had been introduced in the United States before · 

1951 (14). Soon after, however, suitable regUlations, under which 

all ophthalmic solutions prepared by pharmaceutical manufactUrers had 

to be sterile, were promulgated (15). HospitalS and retail phar-

macies were exempt from the regulations. The use of chemical anti-
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bacterial agents in such solutions is essential if serious ophthal­

mic infections are to be avoided. As in the case of parenterals, 

the selection of a suitable agent is difficult and no single sub­

stance, covering all contingencies, has yet been discovered. 

The properties which a suitable preservative for ophthalmic 

and parenteral solutions should possess are ennumerated below. It 

should be borne in mind · that many and varied requirements of physi­

cal properties, toxicity and compatibility may be encountered in 

practice. 

Desirable properties which a preservative should possess are: 

1. High antibacterial activity at low concentration. 

2. Possession of few physical and chemical incompatibil i ties. 

3. Retention of efficiency over a wide pH range. 

4. Efficiency against a wide range of micro-organisms . 

5. Ready solubility at effective concentration. 

6. Stability under heat sterilisation and storage conditions. 

7. Absence of odour and colour. 

8. Absence of toxic and irritant effects on the patient at 

effective antibacterial concentrations. (16)(17)(18)(19). 

The efficiency of a suitable agent can be affected by factors 

which may arise under manufacturing conditions, viz: 

1. The amount of nutr i ent present in the medicament and 

preparation . 

2. The pH of the product. 

3. The presence of interfering substances which may decrease 

the antibacterial activity of the agent e.g. nonionic 

surfactants (20). 

4 . The presence of other inherently antibacterial compounds. 

5. The micro-organisms involved. (17) 

Hence, the efficiency of any compound as an antibacterial agent 

in solution depends upon it poSsessing certain desirable properties, 

and on its ability to remain unaffected by the system in which it is 

incorporated . 

In this investigation , the chlorinated alcohol, chlorbutol, was 

examined for its ability to comply with the criteria of the theore-
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tically ideal preservative, with special reference to parenteral 

and ophthalmic solutions 

The preservative properties of chlorbutol were first describ-

ed in 1911 (21) . It was tested as a preservative in 1919 and 

found "effective" (22). The first instance of its use in a paren-

teral preparation was in 1920, when a saturated solution was used 

as a vehicle for bacterial vaccines (23). 

Official recognition of it s antibacterial properties had to 

wait till 1923 (24). By 1935 its inClusion in parenteral solutions 

had b een more precisely evaluated (25) . 

According to Hamilton (26), chlorbutol had a phenol coefficient 

of 1-2, and was completely bacteristatic at a concentration of 0·8% 

(i.e. at saturation). Briggs and Callow (27) found it effective 

against non-sporing organisms at a concentration of 0 -5%. 

Since 1950 chlorbutol has been widely used as a preservative 

for both parenteral and ophthalmic solutions, and is described as 

such in most official monographs from that date until the present 

time (28)(29)(30)(31)(32)(4)(33). The concentration has not always 

been speCified, but a 0.5% solution has generally been used. 

Chlorbutol has a great advantage over many other preservatives 

in that it exerts a local analgesic and anaesthetic effect at the 

site of administration (34)(21)(23)(35)(36)(28)(29)(4) . A paren-

teral or ophthalmic solution incorporating chlorbutol would be 

highly acceptable to the patient as it would reduce local pain. 

In compatibility between agent and medicament is an aspect of 

some import, but the stud ies of McEwan and McMorran (37) and of 

GOldstein and Ryan (38) have shown that chlorbutol has a high level 

of compatibility. This is yet another reason for its current wide~ 

spread use. 

In one aspect, however, chlorbutol does not appear to conform 

to the reqUirements for the lIideal lt preservative.. This is in re-
e 

gard to its stability under conditions of heat sterilisation. 

In 1937, Rosenthaler (39) reported that when chlorbutol was 

heated with alkali, it decomposed into its components, acetone, and 

chloroform, and yielded their characteristic reactions. More 

important was the investigation of Taub and Luckey (35), in which 
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the decomposition was more closely examined, and appeared to be con­

Siderable under certain conditions of temperature and pH (i.e. above 
o 65 and at a pH higher than 6). 

Subs e quently, other investigations h ave been performed with 

varying results, (3 6)(40) ( 41), but no comp lete evaluation of the 

extent of the degradation of chlorbutol under pharmaceutical condi­

tions had as yet been carried out. Doubt also existed as to the 

nature of the decomposition products. It had been proposed that 

these were acetone, carbon monoxide, ~-hydroxyisobutyric acid (trace 

quantity) and fre e c hloride ions (42), but confirmation had not been 

obtained. 

This investigation therefore, was mainly concerned with the 

evaluation of the extent of the degradation of chlorbutol when its 

solutions were subjected to pharmaceutical processes, and with the 

elucidation of the nature of the products of the degradation. Also 

investigated were methods of reducing the degradation of the com­

pound, and of increasing its antibacterial potency. 
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CHAPTER II. 

The investigation of the efficiency of chlorbutol as a 

bactericide in the process "Heating with a Bactericide". 

2 . 1. Introduction. 

Provision is made for the sterilisation of thermolabile 

sUbstances by heat processing in the B.P. process "Heating 

with a Bactericide", (33). In this process, the solution, 

which must contain an antiseptic at least as effective as 
o 0 

0.5% phenol, is subjected to steaming at 98 -100 for thirty 

minutes. The combination of a.ntiseptic and temperature, 

which is not nearly as high as for the autoclaving of solu­

tions, renders the product sterile. 

Chlorocresol and phenylmercuric nitrate have been tes ted 

for their efficiency in this process (43), but although they 

are specified in the B.P. (33 ), they are not effective against 

all bacteria (44)(45)(46). 

Tricresol has also been investigated (47), and 0.5% chlor­

butol solutions have been observed to possess 'bactericidal' 

properties (48) . 

This investigation was therefore commenced with a full 

evaluation of the efficiency of chlorbutol as a bactericide in 

the process "Heating with a Bactericide" (33). 

2.2. The selection of suitable bacterial strains for the 

investigation. 

In an investigation of the antibacterial properties of 

any substance, it is essential that the substance be tested 

against as wide a range of micro-organisms as possible. The 

test range must be selected so that micro-organisms exhibiting 

extremes of pathogenicity and of resistance are included . An 
evaluation, as complete as possible under the experimental 

conditions, is therefore obtained. However, it must be borne 

in mind that the conditions prevailing in a research laboratory 
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are not always reproducible in a manufac turing establishment. 

Under the comparatively ideal conditions of the research lab­

oratory, the substance might well prove more effective than 

if tested i n a pharmacy or manufacturing l aboratory. 

A representative cross-sect ion of common pathogenic bac­

teria, which may contaminate an ophthalmic or parenteral solu­

tion at source, or during its compounding , is required. 

The following bacterial strains were selected as the test 

organisms for the investigation:-

2.2, 1. StaphylococcuS aUreus. 

Thi s organism is amongst the most resistant of all patho-

genic non-sporing bacteria (8). It is frequently found in 

dust, in which it may remain viable for months. Its normal 

habitat, in the h uman being, is just inside the nostril, an 

ideal situation for droplet diSpersion (46). S. auraUS is a 

Gram-positive aerobe and facultative anaerobe, and is pyogenic, 

causing boils. carbuncles and conjunctivitis. These facts 

indicate that it is an important possible contaminant of oph­

thalmic and parentera l solution$ (36)(49)(50)(51). 

2.2. 2 . Bacillus subtilis . 

There are a number of varieties in this group. ranging from 

highly susce ptible t o highly resistant organisms (e.g. B,globigii 

(52)(8)). B. subtilis was selected for inclusion to simulate 

dust and air-borne contamination, due to its ubiquitous nature 

(36)(46). 

2.2. 3, Bacillus cereus. 

This is a member of the B, subtilis group. and is highly 

resistant, due to the common spore-forming properties of the 

group. Al though believed to be non-pathogenic it is included 

because of its extremely h i gh resistance to both chemical and 

heating methods of sterilisation (52). 

2.2. 4. Pseudomonas fluorescens. 

Thi s Gram-negative flagell ate is inCluded as a substitute 
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for Ps,aerugiDOa~, one of the most highly infective ocular 

contamina n s ( 53 ) (55), whi ch was not available, Kohn, 

Gers henfeld a nd Bar r (5.1) emphas i sed t he incidence and Sever ­

ity of eye infections from this source and their conclusions 

have b aen ampl y conf irmed ( 54) ( 55 ) (56), Any inves tigation 

o f a bacteri c ide for ophthalmic so l utions must include a 

member of the genus (18)(51)(57) . PSt fluorescens is only 

slightly less p a thogenic than PSt aeruginosa (52), 

2.2. 5. Prot eus VUlgar is. 

Thi s organism freqUently o ccurs as a secondary inv ader 

in woun d infec tlcn~ and is wi d e ly dist~ibuted (8 ). It is a 

Gram-negati v e, non- sporing facultative ana erobe (52), and has 

bean i d errti f:l.ed a s a common c ontaminant of ophthalmic sol u tions 

(18 ). 

2.2. 6 . ~pcherichi a coli . 

This orgarri s m is a Gram-n egative, non-sporing facultative 

anaerobe (52) . and is highly irrfectlve ( 8). 

Gl'am-po s it iv "" and Gram- negati v e a erobes a nd anaerobes were 

included . Th6 ir presenc e ensured that, in this investigation, 

the bauterici~al effect o f chlorbut ol in solution was adequately 

tast ect agair.;;t a wide r p.nge of mi c ro-organisms. 

2.3, The selection of the experimental conditions. 

2.3. 1. Containers . 

As the bact eric i dal properties of chl orbut ol solutions 

during heat processing we~e being i nv esti gated under pharma­

ceutical conditions, a selection of containers for parenteral 

and ophthalmic s olutions must be used. I t was possible that 

the bac teri c idal properties of the compo u nd would be affected 

by the nature of the container. 

2 . 3, l.a. For parenteral s ol u tions. 

l ~ 1 m16 amber glas s ampo~le~ . 

2 . 2 mI . white glll."s ampoules . ,J 
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3. 5 ml. white glass ampoules . 

4. 10 ml. white glass ampoules. 

5. 15 ml. Clinbritic bottles (amber glass). 

2.3. 1.b.For ophthalmic solutions. 

1. 1·5 ml. amber glass eye drop bottles. 

2.3. 1.c.Closures for the containers. 

1. Ampoules were sealed by fusion of glass. 

2. Clinbritic bottles were sealed with rubber caps, 

retained by aluminium sealing rings. The absorption of 

bactericides by such closures has been well documented (58)(51) 

(41). The B.P. requirements (33) for their use were strictly 

adhered to, except that a double strength solution of the con­

centration of chlorbutol employed in the determination could 

not be used due to solubility factors. Hence, a saturated 

solution of chlorbutol (approximately 0.8%) was used for the 

equilibration process (33) . 

3. Eye-Drop Bottles. Due to the low resistance of the 

rubber teats on the droppers to temperature and pressure changes, 

these closures were discarded as a method of sealing the con­

tainers. Instead, plastic screw caps were used. These were 

unaffected· by the physical changes and any deleterious effect 

on the solutions was avoided by the use of aluminium foil liners. 

2.3. l.d. Test for limits of alkalinity of glass. 

All containers used complied with the requirements of the 

B.P. test for limits of alkalinity of glass (33), although the 

5% glacial acetic acid washings were necessary for the amber 

glass containers to conform to the standards. The test was 

performed on the relevant containers immediately before use. 

2.3. 2. Chlorbutol concentTation. 

The use of a 0.5% w/v chlorbutol solution as a preservative 

has been recommended by many authors, (27)(36)(38)(18)(49)(59), 

and this is the concentration in which it is most generally used. 

I , 
I 

_ I 
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This concentration was therefore selected for investigation 

for bactericidal properties. The establishment of its 

efficiency as a bactericide in the process "Heating with a 

Bactericide" (33), at this concentration, facilitated the 

subsequent investigation of its preservative and self-sterilis­

ing properties. 

2.3. 3. Hydrogen ion concentration of solutions. 

The .hydrogen ion concentratiomof ophthalmic and parenteral 

solutions varY considerably (33). The pH values of official 

injections sterilised by "Heating with a Bactericide " vary from 

approximately 3 (Emetine Injection. B.P.) to approximately 

8 (Mersal yl Injection. B.P.). 

The pH values selected for the investigation must there-

fore cover this range. 

for the test solutions. 

a. pH 3.5 

b. pH 5.6 

c. pH 7.4 

The following pH values were selected 

Such solutions are well tolerated when used ophthalmologi­

cally (60). 

In certain instances, the B.P. specifies that ophthalmic 

and parenteral solutions must be buffered to a specific pH 

value, so, for a complete evaluation, the bactericidal effect 

of chlorbutol in both unbuffered and buffered solutions was 

determined. 

Gunn (46). 

Reasons for buffering are discussed by Carter and 

2.4. Processing of test solutions. 

2.4. 1. Design of apparatus. 

The time-temperature requirements of the process "Heating 

with a Bactericide" are thirty minut es at 98 0 _100 0 (33). This 

may be effected by placing the containers of test solutions in 

boiling water, but a more satisfa ctory method is to use a 

steamer. A steamer incorporating the principles outlined by 

Carter and Gunn (46) was designed and made. 
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I ,----STEAM ESCAPE VENT. 

_---.,._--JL:J _____ ---. STEAM 

·--t--'S"A"'T""UR';o: ATED 
ATMOSPHERE (",-, /'--- r~, - ~-+---{;ONTAINERS 

~~ _~~! __ ~I ~ __ ~-r~P~E~R~Fr-0RATED 
.- PLATE 

HEAT SOURCE 

~-------- 9" 

I 

I 
~I 

I 

BOILING 
WATER 

By using this apparatus. in conjunction with a constant 

level device. the test solutions were maintained at 9S
o

_100
0 

for as long a period as required, 

2,4, 2. Preparation of test solutions. 

Sufficient 0,5% w/v chlorbutol solutions with buffered 

and unbuffered pH values of 3.5. 5·6 and 7,4 respectively 

were prepared by shaking, 

The buffered solutions of pH 3,5 

by the USe of phthalate buffer (61), 

and pH 5,6 were prepared 

The buffered pH 7,4 

'solution was p repared with phosphate buffer (61), 

The unbuffered solutions Were standardised against stan­

dard buffer solutions using the Radiometer pH meter. which was 

alSO used to check the pH v alues of the buffered solutions 

immediately be f ore transfer to the containers, 

The respective solutions were transferred to the specified 

containers (2,3,1,) and inoculated with one loopful of the 

mixed bacterial Suspension (see 2,5,), The containers were 

sealed in the prescribed manner (2, 3 ,1,), 

Control solutions, with the same pH values, buffered and 

unbuffered. but wi thout chlorbutol. were prepared. and trans­

ferred to containers , The solutions were inoculated and t he 

containers were sealed , 
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2 . 4 . 3 . Processing of solutions. 

Sufficient inoculated containers of each type, contain­

ing 0.5% w/v chlorbutol solutions at the respective pH values 

were placed in the steamer. Five minutes were allowed to 

elapse before the commencement of- "timing to enable the test 

solutions to r~ach the required temperature. 

As the determination was performed in quadruplicate, 

four containers of each type; - and pH value of : solution, were 

removed from the steamer at fifteen minute i "ntervals, commenc­

ing at zero time plus fifteen minutes. The process was con­

tinued until zero time plus ninety minutes to give a complete 

evaluati o n over an extended period. By this method, the 

bactericidal activity of 0.5% w/v chlorbutol solutions could 

be ~elated to time during heat processing. 

The contents of the containers were t hen subjected to 

bacteriological tests for viable bacteria (see 2.5.). 

NOTE: All solutions used in the determination Were contin-
o uously refrigerated at 4 , except when being processed or 

tested. This was done for two reasons. 

a. To maintain the concentration of the 0.5% w/v 

chlorbutol solutions. 

b. To maintain the viable bacteria at the status guo 

between processing and bacteriological testing. The bacteri-

cidal properties of chlorbutol and other antibacterial agents 

are markedly decreased when the temperature is reduced. 

Bacterial growth and proliferation are also reduced (46). 

2.5 . Bacteriological testing of solutions, 

2.5, 1. Introduction. 

Due to uncertainty and difficulties in the inactivation 

of antibacterial agents in conventional sterility tests (49) 

(46)(5 3 ), the method adopted in this investigation was that of 

bacterial filtration. 

In 1946, Davies and Fishburn indicated the drawbacks of 
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t he official me thod of sterility testing, and p oin ted out the 

advant~ges of bactbrial fi ltration methods (112). The wide­

spread U Re of the ·met hod had to await the production of the 

membrane :filter in 1959 

to be oetained, 

(62). which enab led high flow rates 

Minor aJ.vaIltag a", of the method are numerous (46), The 

mai n advanta.ge is that a total estimate of all vi able bacteria 

in the test solution c an be obta.ined, As all the test solu-

tion is pas sed through the filter, errors due to diluti on fac­

t ors a r e avoided. 

The US 9 of the method does, however, require a hi gh stan­

dar d of Bs.psis Bnd o f techni que (46 ) , 

2,5. 2 , "' , !}rowth of )J!ic. :e,) -orga::lisms ane! i n.o culation of test 

solutio!!s . 

The ts~t orga~isms (2 , 2 ) were ~tored under refrigeration 

at 4° in ~ str",,-gtl. Ri e ger's So luti on. (84) a nd were subcul­

tUrd i onto rJ.-"t>' i ent a gar >' lopes tw"nty-fou.r hours bef ore inocu-

The mi" • .d ba.ot " rial suspension was prep ared by adding 2 mI. 

of ste:d. l .. l,I4 dt,..al,gth Ringer's Soluti on to the slope, rotating 

to .. "fe ct suspen "ion of "the micro-organism",. a n d transferring 

t he suspension to a s t e rile bulk container. The test solutions 

Were inoculated befo re closure of the c ontainer, by trans­

ferring a loo p ful of the mixed bacterial suspension to the solu­

tion. 

NOTE: This process . and all ot hers in this investigation which 

required asepsis as a condition. were p e rformed under a sealed 

sc r een of the type dsvelopf\d by Royce and Sykes (63). 

The test ".olutions W(gr e processed as desc r ibed under 
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2.5. 2. b. Tast~,ng for E>terility of solut~. 

The Millipo1'e membl'sne fil t~'r type HA ( po re size O. 45J.1) , 

with Swi r..ny hypoderml c a apter, was used in this investi gat ion. 

The unit9 with the membrane in position. may be sterilised by 
o auto c ls.ving at 115 for t h irty minut e ., without any adverse 

ef f e ct on the fllt e r (64), 

SUPPORTING 

O-RING 'l':EJ'LO~ 

SW Il'<'O!l.' 

}-I - _____ - _ HYPODERMIC NEEDLE 

SCREEN j\ 
I r! .. ,.l, 
L---=t-F,-= ~-~ 

GASKET r ~ ,.; u-' rl 
! ( (~,:: , ,-j~ 

FLAT TEFLON GASKET 

_J 
I 

MEMBRANE FILTER 

ADAP1UR_J r--J ft~;=~ 
It : : :: . -':'~lr-'" SYRINGE 

, __ -.-!.. ~~_ .. ~V ._ ......... l..... ___ .. 

In ~ach test, th~ s olution was withdrawn from the c on­

tai n er lnto b wt e rila 8yringe, onto whi c h was then pl~ced the 

sterile fllt1'atlan ~Dit. The :~01 ution was ,eor"ed through 

The mem-

brans was t1'ansf err eu from the unit to a sterile agar plate 
o 0 and was incub ",ted at ;"0 -32 for sa-,en d a y s ( 33 ) ( 4 6). 

At t he Bnd ot the inCUbation peri od. the plates we1'e 

examined f o r ~ acterial growth. 

2.5. 3 . Results . 

No quantita tive est imati on of the v iable bacteria was 

attempted. What was rFlqllired was a knowledge of whether the 

proces«ed solution waf! st erile 01' not . However, a qualitat ive 

determination was p erform ed . frol11 which an e~'aluatl o n of the 

r e lati',," r esistanc e of th& test organisms to the antibacterial 

aglomt and to tr.a p:~(jce$s waol obtai n.ed . 
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2,5. 3.a. The following symbols were uSed in all tabulated 

bacteriological tests performed in this investigation, 

2.5. 

1. The minus sign indicated that no bacterial growth 

waS observed on the plate , signifying that the test solution 

was sterile. 

2. The plus sign indicated that bacterial growth was 

observed on the plate, signifying that the test solution 

was not sterile. 

3, +M. All the test organismS were identified on the 

plate by the taxonomic growth characteristics of the c olonies. 

a. S. aureus. 

b. B. subti1i.!!. 

c. B. cereus. 

d. Ps. fluorescens. 

e. p. vUlgaris. 

f. E. coli. 

4. ~. The following four organisms only were identified 

on the plate. 

a. S. aureus. 

b. B. subti1is. 

c. B. cereus. 

d. p. vulgaris. 

5. +B. The following organism only was identified on the 

plate. 

a .. B e cereus. 

The identity of this organism was sUbSequently confirmed 

by the South African Institute for Medical Research. 

3.b. Results for unbuffered sol)1tions. 

1. At pH 3.5 .. TABLE 1. 

2. At pH 5· 6 · TABLE 2. 

3. At pH 7' 4 . TABLE 3. 
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2.5. j. C. Results for buffered solutions. 

1. At pH 3 0 5 • TABLE 4. 

2. At pH 5'6 . TABLE 5. 

3. At pH 7·4 . TABLE 6. 

2.6. Discussion of bacter£ological r~sults. 

2.6. 1. Tabulated results. 

The efficiency of 0.5% w/v chlorbutol as a bactericide, 

in the process under investigation, was dependent on the pH 

of the vehicle to some extent, but was not much affected by 

the buffering of solutions. As the pH value of the test 

solutions roSe from 3'5 to 7'4, so the antibacterial potency 

of chlorbutol decreased. 

As well as being due to the antibacterial effect of the 

pH itself, this could also have been due to the decomposition 

of chlorbutol in alkaline medium (39)(35)(36)(65)(40)(41). 

Confirmatory evidence was supplied by the fac.t that the buffered 

solution at pH 7·4 was less effective than the unbuffered solu-

tion. In the unbuffered 

from the decomposition of 

solution, a decrease in pH resulting 

chlorbutol was thought to excercise 

a self-limiting effect on further degradation (42). As the 

pH of the buffered solution would not be reduced to such an 

extent, such self-limiting action was not exerted, and the de­

composition was thought to be greater, which would resui"t in 

decreased efficiency. 

The results of Erne and S6derlundh (47) and of Murphy et al 

(48) were similar to these results. However, it must be empha-
o 0 

sised that heating for at least forty-five minutes at 98-100 

was required for a 0.5% w/v solution of chlorbut04 at pH 7·4, 

to exhibit adequate bactericidal effect. At pH 5'6, thirty 

minutes heating was ne~essary, whilst at pH 3'5, fifteen minutes 

heating appeared to kill the test organisms. 

2.6. 2. Relative resistance of bacteria. 

B. ceregs was the most highly resistant organism to chlor­

butol under the conditions of the determination, probably due t~~ 
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its spore-forming properties, Slightly less resistant were 

S, aureus, B. sgbtilis and p. vulgaris, though not necessarily 

in that ord';'r. Ps. tluorescens and li. coli appeared to be 

more susceptible to the compound and to a lowering of pH than 

were the other test organisms. 

It was concluded that a 0.5% w/v chlorbutol solution 

was not sufficiently bactericidal, in alkaline medium, to be 

used as a bactericide in the process "Heating with a Bacteri-

eide n • 

2.7. Abstract. 

A. 0,5% chlorbutol solution was tested for its efficiency 

as a bactericide, in various containers, in the process "Heat­

ing with a Bactericide" against S. aureus, B. subtilis, B. cereus, 

Ps. fluorescens, P, vulgaris and E. coli. The effect of buffer­

ed and unbuffel'ed vehicles of pH 3' 5, 5' 6 and 7·4 respectively 

on the efficiency of the compound was investigated by the 

application of a method of sterility testing incorporating bac­

terial filt r ation using membrane filters. 

"-." 

• 

I 
I 

'-----' 
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CHAPTER II I • 

The investigation of the degradation of chlorbutol in 

pharmaceutical processes, 

3.1. Introduction. 

3.2. 

The degradation of chlorbutol by an hydrolysis process 

is well documented (39)(35)(36)(40)(41). Taub and Luckey 

(35) measured the extent of degradation after processing and 

storage by determining the pH decrease of the solution, and 

the change in chloride ion concentration. 

Gershenfeld (36) also measured pH changes before and 

after processing but the effect of environmental conditions 

(e.g. nature of containers and alkalinity of glassware) on 

these pH values was not discussed. 

Other investigations have been carried out (40)(66)(67), 

but have either been mainly concerned with the degradation on 

storage or with the mechanism of the degradation, No inves­

tigation of the degradation under st rictly pharmaceut ical con­

d~. tions 9 relating chemi cal and bacterloological resul ts, had 

yet been p e rform e d . 

The degradation of chlo r butol in pharmaceut ical processes 

was therefore inv estigated, 

The selection and adaptation of a suitable assay procedure 

for residual chlorbutol in solution, 

1. Selection of a suitable assay procedure, 

The primary requirement of the investigation of the degra­

dation of chlorbutol was the selection of an assay procedure 

applicable to the sensitive determination of residual chlor­

butol in ophthalmic and parenteral solutions which had been 

subjected to s pecific pharmaceuti cal processes, 

The official method ( 33 )(68) inv olves further degradation 

of the compound so was not consi d e red. 

The pH decrease which occ UrS on the- degradation of chlor­

buto l has been used as a meaSUre of that degradation (35)(36), 

I 
. . .J 
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as have the liberated chlorides (35) (69) (70), but these 

methods were not further considered because of factors of 

sensitivity and spec ificity. 

Amperometric (71) and polarographic (72) methods have 

also been applied to the determination of small quantities 

of chlorbutol in solution, but a spectrophotometric metho~ 

utiliSing a colour reaction specific for chlorbutol, was 

thought to most nearly meet the requirements of this investi­

gation. 

Two colorimetric assays for chlorbutol, based on the 

following reactions g have been described. 

a. Fujiwara-alkali-pyridine reaction g resulting in a 

pink complex (7 3 ). 

b. Ferric ion reaction with the hydroxamic derivative 

of chlorbutol, resulting in a reddish-brown complex (74). 

The latter method, originally d escribed by Rehm and 

Mader (74), was utilised by Lachman et al (75) and by Patwa 

and Huy c k (67) in their respective investigations. 

This method was s el ected for testing for its suitability 

in this project. 

NOTE: A further potentiometric determination of chlorbutol 

was described after this investigation was commenced (76). 

3.2. 2. Preliminary testing of the selected procedure. 

The experimental procedure of Rehm and Mader (74) was 

found to be unsuitable for the conditions prevailing in this 

determination and was modified accordingly. 

3.2. 2.a. Absorbgnce spectrum of the complex. 

3.2. 2.a. I, Prepgrgtion of reagent solutions. 

Reagent grade chemicals Were used throughout the inves-

tigation. The following reagent solutions were prepar ed. 

a. Standard chlorbutol solution containing 1 mg./ml. 

in deionised wat e r. This solution was refrigerated at 4 0 

I 
' --.J 
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I 
whilst not in us~ to preve nt [ egradBtion of the chlorbutol and 

was freshly p repared daily. 

b. Hydroxylamine ydrochloride reagent solution 

containing molar hydroxYlamin~ hydrochloride in deionised 

water (69·5G./litre). This kOlution was refrigerated at 4 0 

I when not in use to prevent its deterioration. 
I 

c. Sodigm hydroxide reagent solution containing 

3'5 molar sodium hydroxid e in l deionised water (140G./litre). 

d. Hydrochloric acid reagent solution containing 
I 

3·5 molar hydrochloric acid in deionised water ( 345 mI . of re-

agent grade hydrochloric acid/litre). 

e. Ferric chloride reagent solution containing 0-3 

molar ferric chloride in 0.1 molar hydrochloric acid (48·6 G. 

of ferric chloride plus 29 mI. of 3.5 molar hydrochloric acid 

reagent solution per litre). 

3.2. 2.a. 2. Preparation of the coloured complex, 

a. 5 mI. of the standard chlorbutol solution was 

dilu·t~d to 10 mI. (so as to contain 0.5 mg./ml.) and trans­

ferred to a 25 mI. A Grade volumetric flask. 

b. 2 mI. of hydroxyla.mine hydrochloride reagent .-. 
solution was added, followed by 2 mI. of sodium hydroxide 

reagent solution. The reaction mixture was left to stand at 

room temperature for twenty minutes. 

c. 2 mI. of hydrochloric acid reagent solution was 

added, followed by 2 mI. of ferric chloride reagent solution. 

d. After five minutes the reaction mixture was 

shaken and made up to 25 mI. 

NOTE: All reagents were added from 50 mI. A Grade burettes as 

experience showed that any error in the addition of reagents led 

to variations in the absorbance of the solution. 

3.2. 2. a. 3. Absorbance spectrum. 

The absorbance spectrum of the complex was record­

ed on the recorder of the Beckman DB Spectrophotometer against 

a reagent blank, in 1 cm. cells. (GRAPH 1.), , 
i 

I 
I . --J 
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3,2. 2.a, 4, Discussion of the ab s orbance spectrum. 

The f e rric-hydroxamic complex of chlorbutol exhi­

bited a wide absorbance peak in the region 500-540 millimicrons 

(m~.l. In this wavelength range, the absorbance of the re­

agent blank was low, being least at 500 mfL' 

This wavelength WaS therefore selected for the absorbanc e/ 

concentration cali bration of the ferri c-hydroxamic compl ex of 

chlorbutol, 

3.2. 2,b. Conformation with Beer's Law. 

Before the ferric-hydroxamic derivative of chlorbutol 

could be used in the quantitative d e termination its ability to 

conform to Beer's Law (11 3) was investigated. 

3,2. 2, b. 1. Pro c edu,re, 

R. 6,5,4, 3 , 2 and 1 ml, quantitj.es of standard 

chlorbutol solution we re diluted to 10 ml, (to give solutions 

containing 0'6, 0·5, 0.4, 0. 3, 0.2 and 0·1 mg./ml. respectively) 

and transf erred to 2 5 ml, A Grade volumetric f l asks. 

b. The p rocedUre d a seri bed under "Pre parat i on of 

the colour",d comp lex" (3,2.2.a.2.) was performed on these solu­

tions and th_ir al:;_oroanc e at 5uomj.L was determined agai nst a 

reagent blank, in 1 cm. c e lls, at a fixad time interval of 

twenty minutes after the addition of the ferric chloride 

reagent solution, 

c, The results were tabulated (TABLE 7) and 

graphically represented (GRAPH 2). 

3.2. 2.b. 2. Discussi on of results. 

The complex conformed to Beer's Law, in that its 

absorbance increased linea:~ly with concentration. This only 

occurred in the (initial) concentration range o· 2-0·5 mg. /ml. 

0·1 and 0·6 mg./ml. concentrations respectively were ther efore 

discarded as standard concentrations _or the calibration 

curve. 
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3.2, 2,c, Fading of the complex with time, 

As the complex had been visually observed to fade with the 

passdge of time a f ter reacti on , a more detailed e xamination of 

this phenomen on w~s p erf o rmed, 

3,2, 2,c, 1, Pro cedure, 

a, 5 mI . of the standard chlorbutol solution 

was diluted to 10 mI. (to giv e a concentration of 0 , 5 mg,/ml,) 

and transf e rred t o a 25 mI . A Grad e volumetric fl ask, 

b, The procedure described under "Preparation of 

the coloured complex " (3,2,2,a,2,) was performe d on this 

solution, 

c, The absorbance of the s olution at 500 m~ was 

determined, in I cm,cells against a reagent blank, at five 

minute int e rvals fr om five to sixty minutes after the addition 

of ferric chlori de reagent solution, 

d. Th", r esults were t ~bulated (TABLE 8) and 

graphical ly r epresented (GRAPH 3), 

3.2. 2,c, 2, Discussi on of r esults, 

The compl e x faded rapidly for the first fifteen 

minute s after reaction, after which the rate o f fading decreased, 

Twenty minutes atter reaction time was s elected 

for the determinati o n o f the absorbance of the chlorbutol solu-

tions because : 

a, At times less than this period , a very slight 

variati on wo uld have resulted in relatively large errors, 

b, Pract ical considerations precluded any possibi­

l i ty of the determi nation being mad e within seventeen minutes 

of reaction time. 

The selected t i me interval o f t wenty minutes was 

subsequently experimentally ~hown to be suitable , 

3,2, 3, Assay of " test " quant i ties of chlorbutol in s olution using 

the adapt ed procedure. 

The usual conce ntrati on in which chlorbutol is used 

(0'5% w/v) has b e en shown to pos. ess a degree of bactericidal 
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activity when u .ed in conjhnct ion wit h heat proc e ssing. 

(Cl:.a.pte:r II). 

Such h solution c ontains 0-5 G. chlorbutol per 100 mI., 

~hi ch is e quival e nt to 5 mg. p er mI. As this c oncentration 

was ten times that found to be f;uitable for the assay pro ­

ceth.re, it WBe reduc ed to the same concentrati on range by 

the app lication o f a llutio n fac tor of ten. To test the 

accuracy o f the method whe n applied in this way to bacterio­

logicall y active s olut i on s of chlorbutol the foll owin g pro ­

cedure was carri6d out. 

'> .2. 3 . a. Assay pr2.c"dur£ on bacteriologically active s o luti ons 

of chlorbutol. 

1. Two test soluti o n cont aining 0· 25%and 0· 35% chlor­

butol W,n ' " pl·ep"-l',;,d .,,>! T"s t So lution .. X and Y respectively. 

2. 1 KI. of e.~h of th test solutions was diluted 

to 10 mI. and trarsferred to 25 mi . A Grade volumetric f l asks, 

as WBre 5.4 ,a Bn~ 2 mI . quantities o f staniard chlorbutol solU­

tio n , to obta.ln l:hd " al .~.rrati o n c urve . 

~ . Tt. procedUre 'Prepar ation of t he c o loured com­

pl ex" (3.2.2.' . ~ .) was c"",,rie .'! out on both th e "unknown " and 

standa% d s olutions. 

4. The ,"bS0 1'L &1~CeS of the solutions at 500 mJ.L were 

determined aga:l.n.,t a ,' ",agent blank p in 1 cm.cells, twenty 

minutes after the additi o n of the ferric chloride reagent solu·· 

tion. 

5. The results were tabulated (TABLE 9) and graphi­

cally repr sented (GRAPH 4 ). 

3 .2. 3 . b . Discu.lIl.2.n of resu,lts . 

The procedure provided an accurate method for the 

determination of small quantiti es of. chlo:r'butol in aqueous 

solut1. on . 

COlll.paring Graph 4 with Graph 2, the calibration curve 

in Graph 2 was observed to bA st b .~ ar than that in Graph 4. It 

was the refore concl ud",d that, altho ugh the absorbance of the 

compl z incr b a sed linaarly with concentrati on , the magnitude 
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of the absorbance in anyone determination, which was affected 

by the experimental conditions prevailing for that determina­

tion, was not related to the magnitude of absorbance exhibited 

in any other determination. 

Therefore, in each and every determination, a cali­

bration curve was included as the basis for correct quantita-

tive results. The calculation method of Rehm and Mader (74) 

did not give sufficiently accurate results fo~ this investiga­

tion. 

3.2 . 4. Interferences with the procedure . 

The majority of substances which might have been expected 

to interfere in this assay have been discussed by Rehm and 

Mader (74), but as most of them were not likely. to be found in 

ophthalmic or parenteral solutions, they were not considered to 

be relevant to this investigation . 

One substance which might have formed a coloured complex 

similar to that of chlorbutol was Q-hydroxyisobutyric aCid, 

which has been suggested as a degradation product of chlorbu­

tol (42) . 

CHLORBUTOL Q.:.HYDROXYISOBUTYRIC ACID . 

H ( (I 
31 1 

H (---(--(-( 1 
3 I 1 

HO (I 

j I r 
-;3~ 0 

I ~ 
H, C- --C-( ,-
· 3 I "'OH 

HO 

It appear ed possible that a reaction analagou~ to that be­

tween chlorbutol and hydroxylamine (hydrochloride) in alkaline 

solution might occUr with this sUbstance. The reac tion be -

tween c h l orb u tol and hydroxylamine can be expressed : 

r 
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However, investigation of the absorbance spectrum of this 

compound, both alone, and in combination with chlorbutol indi­

cated t hat no int-erference occurred i n the vicinity of 500 m).L' 

even in as high a concentration as 5 mg,lml , (i,e. ten times 

as high as that of the chlorbutol) (GRAPH 5), 

The absorbances of the a-hydroxyisobutyric acid contain­

ing solutions were identical to those given by the st andar d 

chlorbutol soluti on and the reagent blank at 500 m).L' 

Hence, the only SUbstan ce which appeared likely to inter­

fere in the determi nation of chlorbutol, by the spectrophoto­

metric assay used i n this invest i gation, was shown to have no 

effect on the absorbance of the chlorbutol complex at 500 m).L' 

This assay method was there f ore adopted for the quantita­

tive determination of residual chlorbutol in s o lution . 

3,3, The degradation of chlo rbut ol in solution during the pharmaceu­

tical processes of heat sterilisation, 

3 ,3, I, Introduction , 

When chlorbutol is incorporated in ophthalmic and paren­

teral solutions subjected to heat sterilisati on methods, the 

compound is exposed to a number of variable factors, 

a, pH and buffering effects, This has been dis­

cussed (2,3,:», 

b, Temperature effects, In the sterilisation of 

ophthalmic and parenteral solutions by heat processes, the 
o applied temperature may vary f rom 100 (in "Heating with a 

o 
Bactericide") to 122 (i n Autoclaving)(46), 

c, Effects due to the nature of the container, This 

has been discussed (2,3,1), 

These factors may be expected to affect bo th the rate and 

the magnitude of the degradation, which was followed, in this 

investigation, by the application o f a spectrophotometric 

assay method for residual chlorbutol in solution aft er pro­

cessing, 
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3,3, 2, The degradation of ~ hlorbutol during the steaming of it s 

solutions . 

3 ,3, 2,_, Selection of co n tainers , 

In t h e pro c .. ss "He ating with a Bact e ri cide", steam­

ing is used in conjunction with a bactericidal compound to 

effect the s ter ility of the solution , The process is there-

fore applied to both single-dos e and multi-dose containers 

of thermolabile solutions, The contai ners and closures used 

have been descrihed (2,3,1,), 

3 , 3, 2,b, Preparatton of the te s t solutions, 

The t e~t ~olution s wer e prepared as described (2,4,2,), 

A .. a c h emical E.~·aluation was being performed, inoculati on with 

the mi xed bacterial suspension was NOT carried out, The con­

tainers Were seal ed in the prescribed manner (2,3,l,c.), 

3,3, 2,c, P rocessing of test solutions, 

The proce dure described (2,4,3,) was carried out on 

the test solutions. 

3,3, 2,d, Re s ults of the spectrophotometric assay for residual 

chlorbutol , 

I, Introd uction . 

The assay procedu.re d e scribed ( 3 , 2 , 3 ,_,1-4) was 

carried out on the test solutions . The respective co n centra-

tions of chlorbutol in the test solutions wer e obtained by the 

graphical method, incorporating a calibration curve, as ill us -

trated b y the exampl e • (TABLE 10. GRAPH 6), 

By the incorporation of an unprocessed standard 

solution of 0,5% chlorbutol , the percen tage degradation of the 

compound in the respec tive s olut i ons was . calculated, The 

results ware tabulated and graphically represented . 

2, ;Results for unbuffered solu.tions. 

a, At pH 3 ,5 TABLE 11. GRAPH 7 , 

b. At pH 5'6 TABLE 12. GRAPH 8, 

c, At p H 7,4 TABLE 1 J . GRAPH 9. 
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3. Result s for buffered s ol uti ns. 

a . At pH 3 '5 TABLE 14. GRAPH 10. 

b. At pH 5'6 TABLE 15. GRAPH 11. 

c. At pH 7·4 TABLE 16. GRAPH 12. 

Di scussj.on of 1"esul ts ~ with sI!ecial reference to the 

bacteriological results of the invest igation of 

chlorbutol in the process "Heating wit h a Bacteri cide". 

The results of the det~rmination of the degradation 

of chlorbutol when its solutions Were subjected to "st eaming" 

at 9S
o

_100
0 

wer e summarl.sed (i.e. data fr om TABLES 11 - 16 and 

GRAPHS 7 - 12). 

1. The r ate of degradation increased with increasing 

pH of the solution. The 

when after ninety minutes 

degradation was highest at pH 7'4, 

at 9S o _100 0 it was of the order of • 
12'5% of the original concentration of chlorbutol. At this pH 

the antibacteri a l potency of chlorbutol was lowest (TABLES 3 

and 6). 

2. The rat e of degradation was dependent on the type 

of container, and was h igher in amber than in white glass con­

tainerS. This effect was probably due mainly to the nature of 

the glass itself as well as to the effective volume of the con­

tairler. 

NOTE : It has been d&monstra.ted that the total extracted matter 

and the pH of test solutions varied in different containers when 

distilled water was sterilised and stored in ampoules (77). As 

alkali was the first component extracted by such conditions (7S) 

(79) and as Anderso n (66) has shown that the deg radation of chlor­

butol is an hydrox~ion catalysed reaction (42), the differences 

in the degradation rates in different containers were most probab­

ly due to differences in the alkalinity of the glass used in the 

production of the containers. That such differences do occur 

was confirmed previously. (2.3.1.d.). 

3. The effect of the bu.ffering of Solutions on the 

rates of deg radati on of chlorb u t ol in unbuffered vehicles appear­

ed to be d~perrdent on the pH of the solution. 
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a. At pH 3 '5, the buffered solutions showed 

Elightl decTeased degradation rates , and differenc~due to 

c ontainers ~ere sll htl , reduced. 

b , At pH 5.6, the buffered solutions showed simi­

lar rates o f degradati on to those in unbuffered solutions. 

The differences due to cont iners were ~li ght ly reduced. 

c , At pH 7' 4, the buf f a red 9 01 utions showed i n­

creased rat~s of degradati on compared to the unbuffered solu-

tions. That this was due to the self - limiting effect on the 

degradati on b y unbuffered solutions, in which the pH could fall 

and thus retard the degradation of chlorbutol, seemed certain. 

Th ere app aared to be only a very slight effect on the differen­

Ca~ due t o t h e containers. 

That t L .. resul t8 of the b8 .. ~t e2'iological tests des­

cribad in Chapt .,:1:' II (TABLES 1-6) were intimately related t o 

the p:,.,:1 " ,,-l r'~eak :ih) 'n o f chlorbutol in ophthalmic and paren­

t eral s ol~ticrs waw s e lf-evident, as was t h e actual relationship, 

The h:, pot :ldSE S bu.l:,:,,;.itted as explan ations f o r the varying anti­

b,ct~rlal PDt.~C o ~ chlortutol in solu tion in the process 

"H.atl~g with a BB~t riclde " were confi r med by the spec tro­

p hotom~t :-..!. c i5.. ~::' aJ.~ r e ~'ul ts . 

3.,j. :<, :rl-", d"go:.!l,'l~n of chlorbutol during the auto clavi ng of its 

3 , 3 • .J . a . Introduction. 

When a small volume of solution o is autoclaved at 115 
o for t~irty mi~ute. , or at 122 for twent y minutes, that solu-

ti o n is s terile (4 6). The pro cess is appli e d to thermostable 

compounds , and the incorp oration o f chlorbutol in multidose 

containers of s o lutions of such compounds rests entirely on 

its preserv ative properties , 

IXI t:'.e sam e way that the bactericidal properties 

of chlorbutol ware adversely affect d b y its p hysical degra­

~ati o n. it h Hd ~.en suggested that its preservative p roperties 

were al~o aff~c teJ ( ~ 6)(17)( 49 ). 
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Con sideratio n~ si~ilar to thos e which applied to the 

investigation of the relationsh ip between the bactericidal 

potency of chlorbutol a nd its phy sical degradation applied to 

the investigation of its pre ~ervative properties, (2-1), No 

complete evaluation of the preservative properties of the com­

pound, as related to its phy s ical breakdown,had yet been per­

formed . 

As preserv ative p~opsrties are only required in multi ­

do s e containers, in which the p0 5sibility of contamination of 

the solution dur i ng or between successive administrations is 

high, the invds tigation of the degrad ation of chlorbutol 

~uring a~toclaving was confl n eJ to one multi-dose container for 

parenter al ~ol ut!o\ ~ , ane one for oph thalmic soluti o ns . 

Th .. "e were 

1. 15 mI . Clinbritic bottle , 

2 , 1 mI, Eye Drop bottle, ' 

Two t"'nlp'eratu1.'es, 115
0 

and 122
0

, a re common l y used for 

the sterili3ation f ophthalmic and parenteral sol u tions by 

autoclaving ( 46), and the degran ation of chlorbutol at both these 

temper.s.t u:- s ,; was i lw e ", tigat ed , 

;;, b , Th~ degrad~:tio :c o.f ,c h lc.?' b utol during autocla ing of its 
o 

~ol utiob s at 115 " 

1, Preparat!on of te Mt solutioris , 

SUfficient 0-5% wlv chlorbutol solutio ns wi th 

pH values of 3 - 5, 5 , 6 and 7 , 4 respectively we re pre"p ared, ' They 

were packe in the pres cribed containers (3 , 3,3,a, 1 and 2) 

which WeI''' sealea in the prescribed manner, <2,3,1;), 

2, Prac~ss~ng of test solutions . 

To obtain B c omplete evaluati on of ' the degra­

dation p ~oc ess, sufficient of the ted t Rolutions was autoclaved 

at 115
0 

f o r periods of fifteen , thirty , forty-five and sixty 

minuteR r e spectiv ely. The assay p~oced ure (3 . 2,3.a, 1-4 ) was 

performed on the test solutions, The re pecti v e co nc e ntra-

tions of residual chl orbuto l in the test solutions were obtained 

using a calibration curv e <a s in 3,3,2, d,I.) and the percentage 
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degradation for specific autoclaving times was calculated. 

3. Results of the spectrophotometric assay. 

The results were tabulated and graphically 

represented. 

a. Resu! ts for unbuffered solutions. 

1. At pH 3'5 TABLE 17. GRAPH 13. 

2. At pH 5'6 TABLE 17. GRAPH 14. 

3. At pH 7'4 TABLE 17. GRAPH 15. 

b. Results for buffered solutions. 

1. At pH 3·5 TABLE 17. GRAPH 16. 

2. At pH 5'6 TABLE 17. GRAPH 17. 

3 . At pH 7'4 TABLE 17. GRAPH 18. 

4. Discussion of results. 

Results similar to those obtained when the 

test solutions were subjected to 

by the test solutions autoclaved 

discussed p reviously. (3.3.2. e.). 

steaming were demonstrated 
o at 115. These results were 

The degradation rates for 

autoclaved solutions Were considerably higher, almost certainly 

due to the increas e d temperature, which was the only altered 

factor. Max i mum degradation was again shown i n buffered solu-

tions of pH 7'4. Extrapolation of the plot indicated as much 

as 20% degradation. of the original chlorbutol 

after a theoreti cal ninety minutes autoclaving 

conct:Jntration, 
o at 115. This 

was a large increase over the corresponding degradation in 

solutions steamed at o 0 
98 -100 ~ which was approximately 12'5% . 

3.3. 3.c. The degradation of chlorbutol during the autoclaving of its 
o solutions at 122 • 

1. Introduction. 

The test solutions were prepared, packed, process­

ed and assayed in identical manner to those used in the determi­

nation at 115
0 

( 3.3.3.b.), except that the autoclaving tempera­
o tUre was incr eased to 122 • 

2. Results of the spectrophotometric assay. 

The results were tabulated and graphically 

represented. 
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a. Results for unbuffered solutions. 

1. At pH 3 .5 TABLE 18. GRAPH 19. 

2. At pH 5. 6 TABLE 18. GRAPH 20. 

3. At pH 7·4 TABLE l.8. GRAPH 21. 

b. Results for buffered sol.utions . 

1. At pH 3. 5 TABLE 18. GRAPH 22 . 

2. At pH 5.6 TABLE 18. GRAPH 23. 

3. At pH 7.4 TABLE 18. GRAPH 24. 

3. Discussion of results. 

The effects of pH and of buffering observed in 

this determination were similar to those observed in the two 

previous determinations. 

The highest percentage degradati on was again 

found in buffered solutions of pH 7.4. Extrapolation of the 

plot indicated a probable 29% degradation of the chlorbutol in 
o solution after autoclaving at 122 for a theoretical ninety 

minutes. 

. These results confirmed the direct relationship 

between the degradation of chlorbutol and temperature, which 

had been intimated by the results of the two prev i ous determi-

nations. However, in this determination, a greater increase 

in degradation reeulted from a much smaller rise in temperature. 
o Degradation rOSe by approximately 10% over a 7 rise in temp-

erature. In the determination at 115 0
, the corresponding in-

creaSe in degradation was approximately 7·5% for a temperature 

rise of 150 • 

This suggested that, at temperatureshigher than 
o approximately 120 , some breakdown step resulted in a marked 

increase in the rate of degradation of chlorbutol. 

The result s for the individual containers indica­

ted that, in every case, the degradation rates in solutions 

in 15 mI. Clinb ri tic bottles were higher than tho~ in 

solutions in 15 mI. eyedrop bottles . Hence, the glass of 

the 15 mI. Clinbritic bottles appeared to po sses a higher 

alkaline content than the g lass of the 15 mI. eyedrop 
bottles. These differences were reduced by the 
buffering of the solutions, which resulted in very similar 
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rates in both containers. 

3.3. 4. Summary of results of degradation determinations. 

The results of these determinations, which were previous­

ly discussed (3.3.2.e.; 3.3.3.b.4; 3.3.3.c.3.) were summarised. 

a. The rate of degradation of chlorbutol increased with 

increasing pH of the solution. 

b. The rate of degradation of chlorbutol varied with 

the nature of the container. 

c. The rate of degradation of chlorbutol was affected 

by the buffering of its solutions. At low pH the effects 

Were Slight, but at higher pH (7-8) the degradation rate was 

greatly increased in buffered solutions. 

d. The rate of degradation of chlorbutol increased in a 

geometric rather than arithmetical ratio with increasing 

temperature. 

These four factors directly affected the rate of degra­

dation of the compound in ophthalmic and parenteral solutions 

sterilised by heat ing methods. 

3.4. The effects of the degradation of chlorbutol during heat 

processing on its preservative properties in ophthalmic and 

parenteral solutions, 

3.4. 1. Introduction. 

Although chlol'butol has been wiliely used as a preserva­

tive for ophthalmic and parenteral solutions since 1950, 

(Chapter I), no comprehensive bacteriological examination of 

the compound with results which would justify such wide­

spread USe appeared in the literature. 

In pharmac eutics, "pres ervation 11 of sol uti ons has come 

to mean the maintenance of a bacterial status ~, with no 

increase or decrease in the number of micro-organisms introdu­

ced to the solutions. at one time or another. Due to the fact 

that " preservatives" in solutions are normally diluted out of 

effective concentration on administration, and because the 

counter-attack by the body's d.efences is not always adeq)l"te, 

'--' 
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such an effect is not enough, What is required is that such 

solutions should be self-sterilising due to their probable 

high level of casual contamination, 

Both Gershenfeld (36) and Gladhart et al (17) have shown 

that the antibacterial potency of chlorbutol decreased after 

heat processing, The determination of the extent of the degra-

dation of chlorbutol carried out in this investigation (3.1; 

3.2; 3.3) enabled a quantitative determination of the effect 

of the degradation on the self-sterilising properties of the 

compound to be made. 

That the products of the degradation might, in themselves, 

possess antibacterial properties has apparently not been con­

sidered, but a quantitative determination as described, could 

take such effects into account, 

3.4. 2. Bacteriological testing of processed solutions of chlorbutol 

for self-sterilising properties. 

3.4. 2.a. Proced.ure. 

The bacteriological testing of the efficiency of chlor­

butol as a bactericide has been described, (Chapter II). The 

same p rinciples and methods formed the basis of this evaluation, 

in which an attempt was made to ascertain the time interval 

necessary for the inoculated test solutions to regain their 

original sterility, 

The methods used in the preparation, packing and 

processing of the test solutions of chlorbutol have been des­

c ri bed. (3. 1 • ) • 

After proceSSing, the test solutions Were inoculated 

with the bacterial suspension (2.5,2.a.) and, at fixed time 

intervalS after inoculation, the contents of the respective con­

tainers were drawn up into a sterile syringe and forced through 

a sterile membrane filter bacterial filtration unit. The mem-

brane filters were transferred to sterile agar plates, which 
o 0 

were incubated at 30 -32 for seven days (33). 

After the incubation period the agar plates were 

examined for bacterial growth, 

, 
. --.f 
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3.4. 2.b. Results of the bacteriological testing of the processed 

solutions for self-sterilising properties. 

1. Results for steamed solutions. 

a. For unbuffered solutions. 

1. After 15 minutes steaming. 

2. After 30 minutes steaming. 

3. After 45 minutes steaming. 

b. For buffered solutions. 

1. After 15 minutes steaming. 

2. After 30 minutes steaming. 

3. After 45 minutes steaming. 

TABLE 19. 

TABLE 20. 

TABLE 21. 

TABLE 22. 

TABLE 23. 

TABLE 24. 

c. Discussion of results for steamed solutions. 

As in the determination of the bactericidal 

efficiency of chlorbutol, the efficiency of the compound as a 

self-sterilising agent for solutions decreased with increasing 

pH and time of exposure to steaming. 

Unbuffered solutions did not show marked differen­

ceS between processed and unprocessed samples, except at pH 7'4, 

When the self-sterilising properties of the test solutions de­

creased quite rapidly with increased steaming timeS. 

At the two lower pH values. the buffering of the 

test solutions did not have any adverse effect, but at pH 7·4 the 

results for processed solutions were once more unfavourable, com­

pared to both unprocessed and unbuffered processed solutions. 

Comparison of the results of the spectrophotometric 

assays with those of the bacteriological tests indicated that a 

decrease in the self-sterilising properties of processed solutions 

of chlorbutol occurred when the d.egradation reached approximately 

3% of the original concentration. That such a relatively low 

percentage degradation should be responsible for the decrease of 

these properties indicated that the original concentration of 

chlorbutol used for the self-sterilisation of ophthalmic and 

parenteral solutions was itself critical. 

The results of the spectrophotometric assays corres­

ponded so closely with the bacteriological 'results that it 
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appeared that the degradation products, per !!.!!., did not exert 

any effect on the antibacterial properties of the test solu­

tions. 

The results also indicated that the widely used 

and supposedly effective concentration of 0·5% chlorbutol waS 

not entirely satisfactory as a self-sterilising agent for 

ophthalmic and parenteral solutions. Forty-eight hours after 

inoculation the test solutions had not regained their original 

sterility. Some justification for this adverse result might 

l( lie in the fact that the offending organism is known to be 

highly resistant. 
.. 

NOTE : Determinations of the effect of the degradation of chlor­

butol in autoclaved solutions on their self-sterilising pro­

perties were not performed as the percentage degradation ob­

served to occur under conditions of steaming had adequatelY 

demonstrated the relationship between degradation and the re­

duction in antibacterial potency. 

3.5. Discussion. 

The results of these determinations did not, in some in­

stances , agree with those obtained by other workers. 

3.5. 1. Spectrophotometric assay results. 

.. 

Previous workers~ using less accurate and less specific 

assay methods (e.g. pH determinations) have obtained results 

both higher (35)(76) and lower (40) than these results, but 

the same tendencies, due to pH and bufferin~ were observed in 

all investigations. 

Differences due to methods of calculation Were also observ­

ed. e.g. Patwa and Huyck (67), although using the same complex 

formation, did not use a calibration curve for the quantitative 

examination of their results. In this investigation, a cali-

bration curve was found to be essential for any degree of 

accuracy to be obtained • 

B. cereus. (2.2. 3 .). This o r ganism is ubiquitous in nature (80) 

and could therefore be a common contaminant of ophthalmic and 

parent e ral solutions, 

'--1 
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The determination of the percentage degradatibn of chlor­

butol, at stages throughout the processing of solutions under 

different conditions, which was carried out in this investi­

gation, enabled a complete quantitative evaluation of the de­

gradative processes to be obtained. 

3.5. 2. Bacteriological results. 

Comparison of these results with those obtained by other 

workers (36)(17)(18)(81)(53) indicated that chlorbutol was 

slowly bactericidal against certain bacterial species~ This 

investigation showed that 0·5% chlorbutol was not entirely 

satisfactory as a self-sterilising agent for ophthalmic and 

parenteral solutions, before or after heat processing, parti­

cularly against the highly resistant organisms of the 

B.subtilis group. 

3.6. Abstract. 

A Spectrophotometric assay process was investigated, 

adapted and utilised in the quantitative evaluation of the 

degradation of chlorbutol when subjected to heat processing 

under various conditions, in ophthalmic and parenteral solu­

tions. Parallel bacteriological tests enabled a relation­

ship to be established between the degradation of the compound 

and the reduction in antibacterial potency. 
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CHAPTER IV. 

The investigation of the effect of the silicone coating of 

containers on the degradation of chlorbutol. 

4.1. Introduction and theoretical considerations. 

4.1.1. The relationsgip between the degradation of chlorbutol and 

the glass of the container. 

In this investigation, chlorbutol has been observed to be 

reasonably effective as a self-sterilising agent against all 

except the most resistant micro - organisms. That the effec-

tive concentration is critical has also been observed. 

It was considered that if some method of stabilisation 

of the compound could be developed, the antibacterial proper­

ties might be improve d, or at least would not decrease to the 

extent observed. A method of eliminating or reducing the 

degradatipn was therefore required. 

As the nature of the glass was considered to be partly 

responsible, this was the first factor investigated with a 

view to decreasing the degradation, which had been shown to be 

higher in amber than in white glass containers. Theoreti cally, 

on these results. amber glass should have a higher alkali con­

tent than white glass • 
. ~ 

4.1. il. The structure of glass. . 
Glass is formed by fusing silica, limestone, and soda-

ash at 1300
0 

(82). The proportio'1S of the ingredients naturally 

influence the final constitution of the glass. If a high 

concentration of soda-ash is used the glass would have a higher 

alkali content and would be more susceptible to atmospheric 

and chemical attack. On the other hand, glass with a high 

silica content would be considerably less alkaline in nature 

and would possess a high degree of resistance to degradation. 

The reasons for these effects lie in the lattice struc-
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ture of glass, which mainly consists, in stable silica glasses, 

of silicon and oxygen atoms covalently bonded. 

The incorporation of alkali metal and other metal ions 

results in an increase in electrovalent bonding, and this 

bonding, being weaker than the former tYpe, is responsible 

for the low resistance to attack of glass with a high alkali 

content (82). The resultant breakdown of the glass liberates 

metal ions into the solution, where the formation of hydrox­

ides would result in the breakdown of alkali-sensitive com­

pounds. This could occur in the caSe of chlorbutol. 

In alkaline solutions this effect is additive, as decom-

position of glass is more rapid in such solutions. The re-

sultant increase in alkalinity of the solution then leads to 

further breakdown of the glass (82). 

The presence of a far higher percentage of alkali and 

other metal ions in amber glass, than in white (82), confirm­

ed the theoretical explanation of its effect. 

Hence, chlorbutol in solution is subjected to two main 

degradative factors: 

a. The pH of the solution. 

b. The alkalinity of the glass of the container. 

As the pH of the solution varies considerably with the 

nature of the medicament and other factors, methods of re­

ducing the effect of the alkalinity of the glass were inves­

tigated. 

Glass exerts its influence on compounds in solution be-

cause its components enter the solution. Therefore, some 

means of preventing solution and container from coming into 

contact would eliminate these effects. The use of a water-

repellent silicone film on the glass surface was investigate~. 

4.1. 3. The structure and properties of silicone fluids. 

The polymethyl siloxanes, which are used in the forma­

tion of water-repellent films, can be represented by the 

structural formula: 

.~ 
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(83) (84) (46) (85), 

Water-repellent coatings on glass are formed by a rapid 

r e action b etween the silicone and glass because of their si -

milarities of structure and bonding (86)(46) , It is thought 

that the o r ganic groups project out from the surface forming 

a very thi n film which alters the contact angle of the surface 

for water, and hen ce renders it water-repellent (86), 

The properties of silicones are by now well established 

(83)(84)(32)(4), Those of value in this investigation were 

its lack of toxicity by any route, its solubility in benzene 

and the lighter hydr o-carbons, and its insolubility in both 

natural and s y nthet ic rubbers, causing them neither to swell 

nor to soften (86) , 

4,2 , Silicone coat i ng the containers, 

4 , 2, 1. Introduction , 

The me thods described for the silicone coating of glass 

contai ners are all based on either the solvent or volati1i-

s ation methods , In the solvent method a solution of the sili-

cone, varying in c oncentration from 2% to 4%, in one o f the 

volatile light er hyd ro - carb ons, is used as a dip-solut i on for 

the containers, which are then drained and air-dried, Sub-

sequent baking at fairly high tempe r atures stabilises the 

film on the surface (87)(88)(84)(4)(46), Maximum res i stance 

to wetti n g has been obtained by bak i ng at 300 0 for two hours 

(83) • 

The method used in this investigation was basically that 
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described in "The Extra Pharmacopoeici" (84) . "I.C. I. 

Silicone Fluid Flll/lOO" was used in place of the recommen­

ded '~idlands Silicone 200", which w~s not available. 

4.2. 2. Procedure. 

4.2. 2.a. Preparation of silicone solutions. 

Of th e volatile solvents in which silicone fluids 

are soluble, carbon tetrachloride was used (84). A 3'!o solu-

tion of "I.C.I. Silicone Fluid FIll/lOa" in this solvent was 

prepared. 

4.2. 2.b. Treatment of the containers. 

The containers to be coated were thoroughly washed 

and dried. Each container was dipped into the 3'!o silicone 

solution for 30 seconds. 

ed to drain and air-dry. 

The dipped containers were allow-

4.2. 2.-c. 'Baking' of the containers. 

Th e dried containers were oven- baked at 300
0 

for 

two hours to fix the silicone film to the glass surface (83). 

After cooling, the coated containers were stored in a cool, 

dry, dustfree atmosphere. 

4.3. The degradation of chlorbutol in solutions in silicone­

coated containers. 

4.3. 1. Introduction. 

As the highest rate of degradation of chlorbutol had 

been observed when test solutions of pH 7·4 were autoclaved 
o 

at 122 , it was decided that a comparison of the rates in 

uncoated and coated containers, under these conditions, would 

best enable an evaluation of the effect of the silicone 

coating of containers on the degradation of chlorbutol in 

solution to be made. 

If the degradation rate was substantially decreased under 

these adverse conditions, it co uld be expected to be propor­

tionately further decreased under the milder conditions which 
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" 

produced 16'wer rates of de~radation (i, e. in solutions of 

pH 5·6 and 3'5, during autoclaving at 115
0 

and steaming at 

100
0

), 

4.3, 2, Procedure. 

Buffered and unbuffered 0,5% w/v chlorbutol solutions of 

pH 7,4 were prepared and packed in the prescribed manner 

(2,3,l,c,2 and 3,), in silicone-coated containers, all of 

which complied with the requirements of the B,P, test for 

limits of alkalinity after coating, 

Sufficient containers of each type were autoclaved at 

1220 for periods of fifteen, thirty, forty-five and Sixty 

minutes. The processed solutions were assayed (as in 

3,3,2.d.l,), The percentage degradationS for specific auto-

claving times were calculated, 

4,3, 3, Results of the assay procedure, 

The results were tabulated and graphically represented 

against the degradation plots obtained from test solutions in 

uncoated containers, subjected to the identical conditions, 

to enable a direct visual comparison of the ratesto be made, 

4,3, 3,a, Results for unbuffered solutions, 

TABLE 25. GRAPH 25. 

4,3, 3,b, Results for bUffered solutions. 

TABLE 25. GRAPH 26, 

4,3, 4, Discussion of results, 

In both buffered and unbuffered solutions the effect of 

using silicone-coated containers waS to considerably reduce 

the rates of degradation of chlorbutol, Extrapolation of 

the rate plots to a theoretical n1~ty minutes autoclaving 
o 

at 122 , for unbu ff e red solutions, showed a decrease in de-

gradation f r om approximately 19% in uncoated containers to 

approximately 8% in s ilicone- coated containers, The correspon­

ding r eduction i n d e gradation f or buffered solutio~was from 
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approximately 29% to approximately 9%, Hence, the reduction 

in the magnitude of the degradation brought about by the use 

of silicone-coated containers was much greater in buffered 

than in unbuffered solutions, 

It was suggested that this was So because a buffered solu­

tion of chlorbutol, of pH 7,4, is not affected to the same ex­

tent as an unbuffered solution by the pH-reducing effect when 

chlorbutol decomposes (35)(36)(18), Hence, it would be more 

corrosive against the glass surface for a longer period, the 

result of which would be to increase the alkalinity of the 

solution, due to the breakdown of the glass, (4,1,2,), 

As the glas s was silicone-coated, this breakdown did not 

occur, The reduction in the degradation of chlorbutol effect­

ed by the silicone-coating of the glass surface was therefore 

greater in buffered than in unbuffered solutions, 

Another effect of the silicone coating of the containers 

for chlorbutol solutions was to practically eliminate the 

differences in degradation rates exhibited by the two contain-

ers. Thi s prov i ded further evidence in support of the hypo-

thesis that, under pharmaceutical conditions, a high propor­

tion of the d e gradation of chlorbutol was caused by the nature 

of the container, Therefore, the degradation rates in sili-

cone-coated containe rs corresponded most closel y to the actual 

degradation rate of chlorbutol with temperature and time, when 

its solutions are isolated from extraneous factors. 

The plots A'-A" and B'-B" in Graphs 25 and 26 therefore 

gave a truer picture of the actual degradation rate of chlor­

butol in ophthalmic and parenteral solutions than has been 

given by any determination to date. As the compound was sub-

jected to the most adverse conditions of temperature and pH 

in this determination, its actual stability in pharmaceuticals 

was seen to be greater than might have been expected from the 

results of other workers (49)(40)(50)(66), 

It was consider ed that the marked decrease in the degra­

dation rates of chlorbutol obs e rved in this determination 

would apply at least equally to its degradation under milder 



-47-

processing conditions, even so far as to almost entirely 

eliminate the degradati on when conditions were favourable. 
o 0 (e,g, BUffered solution of pH 3'5-4. 0, steamed at 98 -100 ). 

4.4. The bacteriological testing of chlorbutol solutions, in 

silicone-coated container~ for self-sterilising properties 

afte r p rocessing , 

4.4. I, Introduction . 

As the silicone coating of containers had been observed 

to exert such favourable effect on the degradation of chlor-
o 

butol when solutions of pH 7,4 were autoclaved at 122 (4.3), 

its effect on the self-sterilising properties of chlorbutol 

solutions, after processing under identical conditions, was 

investigated. 

4.4. 2. Procedure. 

The identical procedure to that previously described 

(4.3.2.) was carried out, but the processed solutions were 

bacteriologically tested for self-sterilising properties (as 

in 3 , 3 ,2,8.,) . The procedure was also carried out using 

uncoated containers for the test solutions, so that a direct 

comparis on could be made, 

Results of the bacteriological tests, 

4.4. 3.a. Results after autoclaving at 122
0 

for fifteen minutes. 

1. For uncoated containers, 

2. For coated containers, 

TABLE 26, 

TABLE 27. 

4.4. 3,b. Results after autoclaving at 1220 for thirty minutes, 

1. For uncoated containers, 

2. For coated containers, 

TABLE 28. 

TABLE 29. 

4.4, 3,c.Results after autoclaving at 12 2 0 for forty - five minutes. 

1. For uncoated containers, 

2, For coated containers, 

TABLE 30. 

TABLE 31, 
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o 4.4. 3.d. Results after autoclaving at 122 for sixty minutes. 

1. Fo r uncoated ~containers. 

2. For ·coated contai ners. 

TABLE 32. 

TABLE 33. 

4.4. 4. Discussion of results. 

A marked improvement in the ant ibacterial properties of 

processed chlorbutol solutions was effected by the USe of 

silicone-coated containers. Test solutions-autoclaved at 
o 122 • for periods of fifteen and thirty minutes respectively, 

showed virtually no loss in self-sterilising properties, in 

coated containers, compared to unprocessed chlorbutol solu­

tions. A marked decrease in antibacterial pot ency was 

observed for test soluti ons in uncoated containers. 

For longer autoclavi ng periods (i.e. forty-five and 

sixty minutes) improvements of this nature were not observ ed. 

These results were related to the degradation of chlor-

butol during pro cessing. GRAPHS 25 and 26. 

For the two longer autoclaving periods, the magnitude 

of the degradation of chl orbutol was sucn that even the marked 

reduction in degradation,brought about by the silicone-coating 

of the containers5 had virtually no effect on the antibacterial 

properties of the test s olutions. 

For shortl,r a.utoclaving periods. however, the utilisation 

of silicone-coated containers reduced the percentage degrada­

tion to a leve l below that which had been shown to be critical 

for a reduction in antibacterial properties, compared with 

unprocessed solutions. 

Hence, chlorbutol solutions, in silicone-coated container s, 
o autoclaved at 1 22 for periods of fifteen and thirty minutes 

respectively , exhibited self-sterilising prope:rties similar 

to those of unprocessed solutions. 

4.5. Discussion of the effects of the silicone-coating of containers 

on chlorbutol soluti.on;t. 

This determination showed that a large part of the degra­

dation of chlol'butol in ophthalmic and parenteral solutions 
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was due to the alkalinf ty of the glass of the container. By 
I eliminating this facto , ' a truer picture of the degradation 

of the compound was ob1ained, and its stability was found to 

be greater than previously thought (49)(40)(66). 
1 

The main effe ct of the silicone-coating of the containers 
I for chlorbutol solutions was to considerably reduce its degra-
I dation in solutions, and hence to maintain their self-steri-

lising properties. I 
The quantitative relationship between degradation and the 

reduction in self-sterJ liSing properties previously discussed 
I 

(3.4.2.b.l.c.) was confirmed. i.e. Degradation higher than 
I 

3% of the original 0.51 chlorbutol led to a decrease in the 

antibacterial potency d f the solution. 
1 

The silicone-coat i ng of the containers was therefore 

observed to have a markedly retarding effect upon the degra-
I dation of chlorbutol in ophthalmic and parenteral solutions. 
1 

The report ~d :!.laking and removal of silicone films upon 
.1 

repeated autoclaving of coated glass containers (82)(89) was 

considered to be of n o l relevance in this determination, as 

containers for ophthalmic and parenteral solutions are nor-
I 

mally dis c arded imme diately after their contents have been 
. I 

administered, and are not re-used. 

4.6. Abstract. 

The silicone coating of glass containers for ophthalmic 
I . 

and parenteral solutions containing chlorbutol was investi-
I gated, and was found, by chemical and bacteriological deter-
1 

minations, to exert a highly beneficial effect on the self-

sterilising properties of the solutions, by retarding the 

rate of degradation of the compound. The previously estab-

lished quantitative relationship between degradation and re-
I duction in antibacterial potency was confirmed . 

.J 
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CHAPTER V. 

The formulation of chlorbutol solutions for maximum anti­

bacterial potency. 

5.1. Introduction. 

As previously observed in this investigation, even un­

processed O· 5% chlorbutol solutions were not completely ,.·elf­

sterilising~ particularly against certain bacillus species. 

(3.4.2.e.TABLES 19-24). For this reason, the formulation of 

chlorbutol solutions possessing maximum antibacterial po­

tency was i nvestigated. 

The raising of the effective concentration appeared to 

be the first step in this direction, as a number of investiga­

tors have stated that a saturated solution of chlorbutol 

(0'75-0·8%, dependent on temperature) was self-sterilising (36) 

(90). This investigation had also indicated that the anti­

bacterial potency of the compound increased with its concentra­

tion. 

At first sight this appeared a simple problem, but chlor­

butol is so slowly soluble that at least twelve hours contin­

uous shaking is necessary to produce a saturated solution (91). 

This process would be tedious and" time-consuming and is en­

tirely impracticable from the point of view of the practising 

pharmaci st. 

The use of non-ionic surfactants and of alcohols to aid 

the solution of chlorbutol was therefore considered. 

Non-ionics have been used for this purpose in the past 

(48), but more recent investigations have shawn that, in some 

cases, their use has led to a reduction of the antibacterial 

properties of chlorbutol solutions (20) (49) (50) . One compound, 

which was used to solubilise chlorbutol in 1955 (48) (Tween 20) 

was subsequently found to be the most effective inactivating 

agent of a series of surfactants, of chlorbutol in solution (53). 

It was suggested that this was due to the formation of a 

complex, by a binding or association reaction between the two 
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compounds. This resulted in a reduction in the amount of 

chlorhutol biologically available (19). An alternative, or 

perhaps additional, explanation was that the surfactant pro­

duced some effect on the cell wall which prevented effective 

inter-action of the antibacterial agent and the micro-organism. 

(92) (93). 

These inconclusive findings led to the rejection of the 

uSe of nonionic surfactants as a method for the solubilisa-

tion of chlorbutol. 

Similar investigations to thooocarried out with non­

ionic surfactants have been performed on solutions of chlor-

butol in various dilute alcohols. Ethano l (91), benzyl 

alcohol (20)(50) and phenyl ethyl alcohol (20)(50) have been 

investigated for this p~rpose, and in each case the tendency 

appear ed to be towards a slight increase in antibacterial 

properties. These favourable results led to the further 

investigation of the use of dilute alcohols as a means of in­

creasing the rate, and possible the degree, of solution of 

chlorbutol. 

5,2. The investigation of the Use of dilute alcohols. 

5,2, 1. Introduction. 

The USe of a substance, which itself possesses some anti­

bacterial potency, as a means of accelerating the solution of 

chlorbutol, should increase the self-sterilising efficiency of 

its solutions. This applied to the use of alcohols, which,theo-

retically, could be used in the preparation of concentrated 

stock solutions of chlorbutol, to be diluted to the required 

concentration during compounding, The u se of concentrated 

stock solutions is time-saving and economical, but great accu­

racy must be exercised in their preparation and dilution (94). 

Chlorbutol is highly soluble in ethanol (91)(33), which 

was selected for investigation as a suitable solvent for con­

centrated chlorbutol solution s. 

The limiting factor in the use of ethanol i n this way 

was its adverse physiological effect. Too high a concentra-



-52-

tion would lead to local irritation of mucous membranes in 

ophthalmi.c solutions, and to haemolysis and tissue damage i n 

parenterals (46). It therefore became necessary to ensure 

that the final concentration of ethanol, after dilution of the 

stock solution. was not higher than 10%, a concentration 

which is used in some injections (33)(46). 

A high concentration of chlorbutol might also produce 

adverse physiological effects, It has been observed, how­

ever, that concentrations of up to 1% in dilute alcohols exert­

ed no effect on the conjuctiva and cornea of rabbits (20)(95), 

5.2, 2. Solubility tests, 

Although a saturated aqueous solution of chlorbutol con­

tains 0.75-0·80% of the compound, it was considered that a more 

stable solut i on would result if a solution of slightly lower 

concentration was used. (e.g. 0'7%). A concentrated stock 

solution containing ten times this concentration would therefore 

lead to eaSe of calculation and dilution. The alcohol content 

of this concentrated solution should be such that after a ten ­

fold dilution it would not exceed 10%. A reduction in this 

figure would be favourable to the decrease of adverse phy-

siological effects. The lowest concentration of alcohol in 

wh ich 7% c hlorbutol was easily soluble was therefore deter­

mined. 

In a short test, 7% chlorbutol was found to be readily 

soluble in 50% ethanol, so alcohol concentrations below this 

were investigated. 

The method used was to shake ~·oG. of chlorbutol in 100 mI. 

of 30%, 35%, 40% and 45% ethanol respectively. The shake. 

flasks were examined for undissolved chlorbutol at ten-minute 

intervals. The results of this determination were tabulated, 

TABLE 34, 

5.2. 3, Discussion of results of solubility tests. 

From the tabulated results, solution (C) was selected as 

a suitable concentrated stock solution of chlorbutol . This 

I 
. ~ 
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solution contained 7% chlorbut o l in 40%. ethanol, and combined 

' the advantage of .s. short peri od of shaking to effect solution 

with a low final concentration of ethanol.(4%). 

Dil u tion tests showe~ t hat 40 p recipitation o f chlorbutol 

o ccurred when t h e concentrated stock solution ( e) was slowly 

added, wi t h shaking, to the bul k of the diluent , :wlth subse­

quent fUrther addition of dil u ent to volume. 

5.3. Bacteriologi c a l tests with diluted stock solutions. 

5.3. I, Int rod uc tio n. 

As has prev ious l y been observed. the degradation of chlor­

b utol resulted in a deorease in the salf-sterilising proper~ 

ties of its pro c essed soluti o ns, Tbis can be expect ed to 

apply to h igher concent ratiot:.s than that tested, 

So l u tio n s a1:'e autoclav ed to ,' .. nds1:' them sterile, hen ce 

if an alte:{'z:at i v e method of prepari ng sterile solutions . with­

out the U>l e of h<sat, could b e , applied. it might be possible 

for sterilised c h lorbctol sol~ti ons to exhibit self-sterills~ng 

propertied ld Gnti cal to tho se of un p rocessed solutions o 

T1w u" .. of f:tlt: .. ation lIl " tl:od", of " t erilis.tion for chlor­

butol s alut1Jll8 .a", t~.r.!or. investigated, in addition t o the 

heating m~tbo48 p rew! Dus l y ~.d cri be4 , 

5, 3 . 2. Baaterlologiaal test s aft a r heat processing. 

Buffered 0-5%. 0'6% and 0'7% chlorbutol solutions of 

pH 7·4 were prepared from c onc ent rated stock solutions.(5,2,3). 

The solutions were packed in SUfficient silicone-coated con ­

tai ners in the pres c ribed manne r (2. 3 .1) and Were Butoelaved 

at 122
0 

for pe~lodM ot f lfte.n , thirty and forty-five minutes 

respectively~(3 0 3 o 2 o c olo). 

The b acteriological tests for self-sterilising properties 

(3,4.2.a.) We r e performed on the p ro a a. sed test solutions 

and on unpr.o c~8sad solutions o 

--' 
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5,3, 2 ,b, Results of bacteri o logical tests, 

The results of the bacterological tests fo r the self­

sterilising properties of processed solutions c ontaining 

0 ' 5%. 0'6% and 0 ' 7% chl orbutol were tabulated, 

o 1. After aut oclavin g at 1 22 for 15 minutes, 

TABLE 35 , 
o 2 . After autoclavlng at 122 for 30 minutes, 

TABLE 36. 
o 3 , After autoclaving at 122 f o r 45 minutes . 

TABLE 37. 

5 . 3 , 2 ,c , Discussion of r e s ults , 

The result,; of thi .. determinat i on i nd icated that 

certain general trends occurred with regard t o the ant ibacter­

ial prope~ties of chlorbutol. 

1. Th e a.nt:l.bact e rial potency of chlorbutol incr eased 

wi t h increasing co~a.ntrati o n i n solution. 

2. The a n tibacterial po ten cy of chlorbut o l decreas e d 

wit h increasing timam of autoalaving. regardless of the con­

c ""tration. 

3 , The 4% ethanol p resent in t he final solution 

exerted n.o observable additive effect on that of the chl orbu-

t o l it s e lf , TABLES 27. 29 . 31 and 35 . 3 6. 37. 

4, Even a 0' 1'/, soluti on of chlorb u tol was not com­

pl e tely self-steri l ising. although u nproce ssed solutions o f 

t h is co n centration exhibited results very close to i deality. 

Th e previously observed fact that the compound exhi­

bited h igher antibacterial potency and g r eater s t abi lity in 

solutions of lower pH values 9 tak en i n c onjunct i on with the re­

s u lts of t h is determination. indicated that the ant i bacterial 

properties of 0 . 7% chlorbutol solutions of pH 5-6 and 3'5 should 

b e investigated . 

5 , 3 . 2 .d, Bacteriolog!cal tests for the self-steri l ising properties 

9f 0'7% chlorb uto l so,lutions of pH 5 '6 and 3 '5 after 

h.61at pro c essirig q 

- I' 

' --I 
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1. Procedure. 

As ' the degradation rates of chlorbutol in buffered 

and unbuffered s oluti ons with these pH values had been observ­

ed to be similar (3.3 .2.e.3.) the self-sterilising properties 
o 

cf buf fered solutions onlYt after autoclaving at 122 for 

periods of fifteen. thirty and forty-five minutes respective­

ly/ were investigated, 

0-7% chlorbutol solutions with buffered pH values 

of 5'6 and 3'5 respectively were processed in the manner 

previottsly described (5.3.2.a.), and were bacteriologically 

tested for self-sterilis ing properties (3.4.2.a.). 

2. ~ults of bac teriological tests. 

The results of the bacteriological tests were 

tab ulated. 
o 

R. After aut oclaving at 122 for 15 minutes. 

TABLE 38. 
o b . After Rut oclaving at 122 for 30 minutes. 

TABLE 39. 
o c. After Rutoc laving at 122 for 45 minutes. 

TABLE 40. 

3 . Discu8sion of results, 

At the lower pH values used in this determination, 

m~rked improvements in the self-sterilising properties of the 

0'7% chlo rbutol soluti ons were observed, The results for 

proc e ssed and unprocessed solutions of pH 3·5 were very similar 
o eve n after Xorty-five minutes autoolaving at 122. Processed 

solutions of pH 5'6 were, however, slightly less effective than 

unprocesSed solutions. 

The results for unprocessed solutions indicated that 

a low pH was eSSential if chlorbutol was to exert its maximum 

1l.17.tibacterial effect as a self-sterilising agent for ophthalmic 

and parenteral solutions. 

A buffered pH value of approximately 4'0 was suggest­

ed for the stabilisation of processed 0'7% chlorbutol as a 

most effective self-steri lising solution, in silicone-coated 

c o ntainars. 
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5,3, 3, Bacteriological tests after filtration sterilisation, 

5.3. 3.a. Introduction. 

As a result of the degradation of chlorbutol during 

heat sterilisation procedures, the need for some other form 

of sterilisation of its solutions arose, (5,3,1,), 

The adaptability and efficiency of the membrane 

filtration methods utilised in this investigation recommended 

their application to the production of sterile chlorbutol 

solutions. Preliminary investigations showed that the utili­

sation of membrane filtration methods resulted in the produc­

tion of sterile solutions, 

5,3, 3,b. Procedure, 

Sufficient 0'7% chlorbutol solutions with buffered 

pH values of 7'4, 5'6 and 3.5 respectively were prepared from 

concentrated stock solutions (5,2,3,), and sterilised by passage 

through a sterile membrane filter unit, attached to a syringe, 

into starile sealed containers, The test solutions were 

inoculated with the test organisms, 

NOTE: 

out, a 

tari!!.l 

A~ inoculation into sealed containers had to be carried 

syringe was used for this purpoSe, One drop of bac-

suspension (2.5.2.a,) was introduced to each container 

!!.s ·the inoculum, 

The bacteriological tests for self-sterilising pro­

pertieS (3.4,2,a.) were performed on the test solutions and on 

unfiltered chlorbutol solutions, The results of theSe tests 

Were tabulated, TABLE 41, 

5.?, 3,c, Discussion of results. 

No differences in the antibacterial properties of 

tiltered and unfiltered chlorbutol solutions Were observed , 

although the slight differenceS in potency due to pH effects 

were still Present, 

The metlwd was therefore strongly recommended for the 

Produqtion of sterile ophthalmic and parenteral solutions with 
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high self-sterilising pot errc y . 

It had been o bs e r ved throug hout th~ b a c t e ri o logi c a l 

tests that the micro-orga,,-i "'llI n;,o >< t ~ .. s i st"'r, t to c hlorblltol w'as 

B. ce regs . This is an e:.;t:~ .. :m" l y c omree n o:::'gani"m. en" h a ld 

been found to be non-pathoge:::dc ( 80 ) . I ts su:t" «i v al. indicated 

that the final te:;tt solutions . although highl y s uitabl .. as 

self-steri lising ophthalmic and p arenteral v ahi les due to 

their effici ency against many common bacteria. were no t bac­

tericidal to all micro-organisms. 

5.4. Investigation of the possi b l e interference in the s pec t:t'ophot o ­

metric assay procedul'-' by 4% .. th>i.nol . 

5.4. 1. Introduction. 

Possi ble interfer enc e by the 4% ethanol in the final 

solution, i n the spectropn o t ometrj,c d .. t e :t'mi aticn of chlorbu­

tol was invest:!.gated hefore t he proc e d":t' ", _ould b e appli ""d t o 

the investigat i on of the possi c le lO RS of c h l o :t'b u t o l from its 

solutions, by sorpti ve process~s onto membrane filters , 

5.4. 2, Procedure. 

The absorbance s pactl.'<1 of the cG :u. o u:", e d .!ompl",,:.: of c hl orbu­

tol and the reage nt b lank. w:'. t h a 6. without ,4% e'.;1l",n ol 9 Were 

recorded, on the B",ckman D.B. Sp ct:t'opr:o toll!ate1" 9 -..t ,l! ng 1 cm . 

cells. GRAPH 27 . The coloured complex,." we re pre pare,J i n the 

usual way, ( 3.3. 2.d.l .). 

5.4. 3. Discussion. 

No interferenc e, by 4% ethanol. in the absorbance spec­

trum of the complex was obs e r ved in t he :t'eg io n o f 50 0 mJ.L' the 

wavelength used in the spectrophotometric a ssay , 

5.5. Investigation of the possibl e loss of c hlorbuto l . fr om its 

solutions. by sorption onto membrane filters during filt ration 

sterilisation. 

5.5. 1. Introduction. 

Although the bacterio logical tests on filtered and un-
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filtered 0'7% chlorbutol s 'olutions exhibited n o d ifferences 

in their respective self-sterilising properties , the possibi­

lity of the loss of a smal l p r opo r tion of the compound, from 

the solution by sorptive p rocesses onto the membrane filt e r, 

was investigated, As the membranes are paper-thin and t he 

pores occupy approximatel y 80% of the fi lter volume (46), 

such loss could be expected to be low, 

5.5. 2. Procedure. 

0'7% chlorbutol solutions with buffered pH values of 

3' 5, 5'6 and 7,4 respectively were p r epared from concentra­

ted stock Solutions. (5.2.3.). 

Sample solutions Were fi l tered through sterile membrane 

filter units into silicone-coated containers (in tri plicate). 

The filtered solutions and unfiltered standard s olutions were 

assayed for residual chlorbutol by the spectrophotometric 

met ho d. ( 3. 3. 2. d. 1 • ) , The co ncent r ations of the test s olu-

tions were exactly halved , by dilution, before comp lexation , 

to ensure that the concentration range fell on the cal ibration 

plot between 0.2 and 0, 5 mg, c hlorb u tol p er ml" the concen ­

tration limit s for accurate results ( 3 .2 .2.b.2.), 

5.5, 3, Results of assay procedure for residual chlorbutol, 

IABL-.E. 4.ca 
5.5, 4, Discussion of reSults. 

A very slight decreas e in the concentration of resi dual 

chlorbutol in solution was observed to be the res ult of pas -

sage through the membrane filter, The reduction was o f t he 

order of 0'004%, which was equivalent to 0.5715% of the 

original concentration of chlorbutol in solution, 

The observed similarity of the self-sterilising proper­

ties of filtered and unfi l te red so lutions (5.3, 3~c. ) was the 
~ 

result of thi s very slight reduction in concentration, which 

was in agreement with t hat p redicted (5.§.1.), due to the low 

sorptive capacity of the membran e filters used in the process, 
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5.6. Discussion. 

This determination showed that the antibacterial potency 

ot chlorbutol was proportional to its concentration, the in­

creaSe ot which to 0'7% resulted in almost completely self­

sterilising ophthalmic and parenteral solutions. 

However, the increase of the chlorbutol to 0'7% res ulted 

in the compound being present in solution in a concentration 

very close to saturation, the result of which was to consid-

erably retard its solution processes. The problem waS over -

come by the formulation of concentrated stock solutions in 

various concentrations of ethanol. 

The self-sterilising properties of these ethanoli c solu­

tions of chlorbutol, which had been diluted to final concen­

trations of 0'7% chlorbutol and 4% ethanol, were still affec ­

ted by heat processing. As in previous determinations, low 

pH values decreased the extent of degradation in solution, 

and it was observed that if chlorbutol was to · exert the maxi­

mum possible antibacterial effect a low pH was essential. 

It was suggested that this WaS due both to the stabilisation 

ot the chlorbutol at low pH, and to the antibacterial e ffe c t 

of the low pH itself, 

Bacterial filtration USing membrane filters, into st e rile 

silicone-coated containers, was observed to be a highly suc­

cessful alternative method for the sterilisation of chlorbutol 

solutions. By sliml.nating the need for degradative ster1li-

sation procedures, this proceSs resulted in the maintenance 

of the self-sterill.sl.ng properties of sterilised solutions of 

chlorbutol. This was observed to be due to the extremely 

low sorption of the compound from its solutions onto the mem­

brane filter discs. 

5.7. Abstract. 

The formulation of chlorbutol solutions for high antibac­

terial potency was investigated and t he use of dilute a lcoholS 

was adopted. Solutions prepared from concentrated stock 

solutions of chlorbutol in various concentrations of ethanol 

Were evaluated and bacteriologically tested for self~ 
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~terilising properties. These properties were found to de-

crease with increasing times of heat processing. but were 

increased in solutions of low pH. The possible interference 

by ethanol in the spectrophotometric assay of chlorbutol 

was investigated. Filtration methods of sterilisation of 

chlorbutol solutions were bacteriologically evaluated and 

were found to be far more suitable than heating procedures. 

The loss of chlorbutol from its solutions by sorptive process­

ses onto membrane filter discs was investigated. 
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CHAPTER VI , 

The investigation of the nature of the degradat i on product s 

of chlorbutol in ophthalmic 'and parenteral sol utions . 

6,1. Introduction and theoretical considerations, 

The degradation of chlorbu tol has been observed by many 

workers (70)(36)(71)(40), but, whi lst the nature o f the rea c ­

tion has been examined (49)(40)(50)(6H), the products resu1t­

ing from it have not received much attention. 

This inv estigation has shown tha~ the degradation p ro­

ducts did not, in themselve s, exert allJ' marked antibacterial 

properties, with the exceptions of tha chlorine, from which the 

compound derives its antibacter i a l effect, and the reduction 

in pH. 

The degradation products charactarised b y Nair et al (71 ) 

(42) had not been confirmed~ as their Investigation appeared 

to be the only one to date. It result e d i n the identification 

of acetone, carbon monoxide, hy dr ogen and chlcrlde i ons, p lus 

a trace of a-hYdroxyisobutyric acid. 

When chlorbutol is us ed as a self-sterilising a g ent for 

ophthalmic and parenteral sol utions, it is expo sed to differ-
+ -ent envi r onments ( e, g. H or OH ) and to various temperatures, 

both of which have been shown to affect the degradation pro-

cesses. He nCe, ' the formation of varied degr adati on p roducts, 

may result. 

Therefore, the degradation products o f chlorbut o l , when its 

solut~ons were subjected to various conditions of pH and temp ­

erature, in uncoated and in silicone-coated containers, were 

investigated. 

The various possible degradative reactfons of chl o rbutol, 

and the possible degradation p r oducts were illustrated. 

(DIAGRAM 1.), These reactio!ls woule, in many cases, o n ly 

occur under the most extreme conditions. which would allow 

each individual reaction to r each eq"lrillbrium, Any or all of 

the reactions might occur simu1 taneo~,sly. Hence, the actual 



degradation of chlorbutol was expected to proceed by a very 

complex route, which included both side~ and reversible re­

actions. 

The resultant effect of all these reactions, under phar­

maceutical conditions, was the degradation of only a rela­

tively small proportion of the chlorbutol present in solution. 

It was most probable, even under the most adverse pharma­

ceutical conditions of pH, temperature and time, that the 

processes did not go to completion. 

The overall picture of the theoretical degradative pro­

cesses of chlorbutol neverthel~ss facilitated the determination 

of the degradation products of the compound in ophthalmic and 

parenteral solutions. 

6.2. The selection of degradation products for investigation. 

Examination of 'DIAGRAM 1 indicat ed that the possible de­

gradation products of chlorbutol Were many and varied. The 

determination of each one would be time-consuming and un­

necessary, hence certain pI'obahle ' produc ts Were selected for 

investigation. 

The products for investigation were selected on the 

basis of two criteria. 

1. The probability of their occurrence ) due to one or 

more common mechanisms for their formation. 

2. Their likely contribution to the determination of the 

degradation route(s) followed by chlorbutol in ophthalmic 

and parenteral solutions. 

From the primary reactions the most probable degradation 

products were considered to be: 

1. a-hydroxyisobutyric acid. 

2. Isopropanol. 

3. Chloroform. 

4. Acetone. 

5. Chloride ions. 

6. Hydrogen ions. 

Secondary reactions were considered likely to result 

in the formation of: 
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I, Formic acid (or formate), 

2, Acetic acid (or acetate), 

It was considered that the detection of these probable 

degradation products would facilitate the determination of the 

actual pathway e s) of degradation of chlorbutol, 

Their presence, as degradation products of chlorbutol in 

ophthalmic and parenteral solutions, was therefore i nvestigat ed, 

6,3, The investigation of the selected degradation products, 

6,3, 1. Introduction, 

In this investigation, it was observed that approximately 

30 % of the o ri ginal concentration of chlorbutol was degrade d 

when its solutions were subjected to the most adverse pharma­

ceutical conditions of pH, temperature and time. As the ori­

ginal concent r ation of the c ompo und was 0'7% (the re s ult of 

bacteriological tests for antibacteri al potency), the total 

concentration of the deg radati on products would be approximate­

ly 0'21%. 

The large number of possible products indicated that the 

concentration of each would be extremely low, s o that the utili­

sation of highly sensitive det e ction methods was e s sential if 

significant results were to be obtained, Furthermore, the 

volatility of some of the possib le products necessitated the 

adoption of detection methods which would not lead to volati­

lisation losses and/or to the further degradation of the com­

pound or its products. 

Due to its applicability to the detection and separation 

of extremely low concentrations of compounds in solution (97) 

(98), thin-layer chromatography was adopted as the main de­

terminative procedure for the selected degradation products. 

In some instances, the procedure could not be applied and 

other specific tests had to te used for the identifi c ation of 

the compounds . 
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6.3. 2. The determination of d e gradation products by thin-layer 

chromatographic methods. 

6.3. 2.a. Standard procedure. 

I n thin-layer chromatography it is essential that 

a standard procedure be applied if accuracy and rep roducibi-

lity of results are to be o b tained (9 8). The following 

standard conditions Were used throug hout this investigation . 

1. Saturation o f chamber. 

The atmosphere in the rectangular trough tank, with 

ground-glass cover, was saturated with the d evel op ing solvent 

by lining the walls with filter paper soaked in t h e solvent. 

Immediately before a determination , the tank was tilted s o 

that the filter paper was agai n soaked with the solvent . 

This pro cedure resulted in "chamber saturation" . (98). 

The c h amber was storad and used in a cool, dry atmos­

phere at constant temp erature t o p revent effects resulting in 

oblique solvent front movement (97 ) (98) . 

2. Preparation of the layer. 

A 1aye"" 250 m~ in thickness, was f ormed, on g lass 

b y triturating 25G . of Silica Gel G plates 20 

(Merck and Co.) with 35 mI. d~ioni~ed water to form a s mooth 

past e . A fUrther 15 mI. of ~eionlsed water was inc o rporated, 

and t he sU8p~~sion was trans ferred to the Desaga spreader, 

and s pread onto the clean, dry p lates . 

The layers were subj e c ted to successi ve drying 

proceduZ"'es. 

a. Air-drying for ten minutes . 

b . Dryi~g with hot-air blower for ten minutes. 

c . Oven-drying, in the vertical pos iti on, at 1100 

for t hirty minutes. 

This procedUre resulted in activat ed layers. The 

dried , activated layers were immediatel y transferred t o a 

d es sicator , in which they weI'e s tored over b lue silica gel for 

prot ecti on from laboratory fume· and for t he maintenance o f 

the a ctivity of t he layer. 
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Immediately before use, the layers were divided in­

to strips 1 cm. in width by dra*itig boundaries in the layer. 

This procedure had been experimentally observed to reduce 

edge effects in a previous investigation. (Summers. 1965. 

Unpublished work). 

The starting points Were situated 15 mm • . fr om the 

lower edge of the plate, and the standard length of run was 

100 mm. The layer, after spotting with the standard and 

test solutions, was inserted in the solvent to a depth o f ,p mm, 

3. Spotting o.f solutions onto the layer. 

" The Agla micro-syringe was used for the accurate 

application of uniform quantit ies of the solutions to the l a yer 

as semi-quantitative d e terminations were to be carri ed out, 

4. Spraying of reagents. 

The rea,gents, for the detection of the spots after 

migration, were applied to the layer i n a fine spray by the 

"Aerolak Propellant Power Pak". This unit produced a fine 

mist which greatly facilitated the application of unifo rm quan­

tities of the reagent(s) to the whole layer. 

6.3. 2.b. The determination of ~-hydroxyisobutyric acid and 

isopropanol. 

6.3. 2.b.l. Experimental selection of a suitable procedure. 

As the direct determination of volatile compounds 

by thin-layer chromatography was not feasible (98), an in­

direct method incorporating the utilisation of derivatives 

Was investigated. 

Steam-volatile hydroxy-group containing substanc e s 

have been determined by the separation of their 3,5- dinitro ­

benzoates (99)(100)(101). Due to the presence of the hydroxy 

group on their respective molecules, both ~-hydroxyisobutyric 

acid an·d isopropanol might be detected in solution in this 

manner. The method might also be applicable to the detec-

" Burroughs, Wellcome and Co. Lo nd on. 
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tion of chlorbutol, by thin-layer chromatography, due to it 

containing an hydroxy group. 

In practise, the presence of a substance in the test 

solution was detected by running the suitably treated test 

solution against the standard solution of the compound or its 

relevant derivative. 

6.3.2.b.l. a. Identification of standard compounds. 

The identities of the standard compounds were con­

firmed by the formation of suitable derivatives and melting­

point determinations (102)(33). 

6.3. 2.b.l. b. Preparation of alcohol-free solvents. 

Alcohol-~ree ether and ben~ene were prepared by 

refluxing commercial grades with an excess of 3,5-dinitroben­

zoy1 chloride for sixty minutes over a water-bath, and collect­

ing the distillate (98). 

6.3. 2.b.l. c. Preparation of standard derivat.ives. 

The following standard solutions were prepared: 

1. 0·7% chlorbutol in 4% ethanol. 

2. 4% ethanol. 

3. 0·05% a-hydroxyisobutyric acid in 4% ethanol. 

4. 0'05% isopropanol in 4% ethanol. 

Each standard solution was subjected to the following 

procedure, 10 mI. being selected as the original volume of 

solution because it is a common volume for ophthalmic and 

parenteral solution packings. 

1. 10 mI. of the standard solution was extracted three 

times with 5 mI. portions of alcohol-free ether, which were 

combined and dried over dessicated sodium sulphate. 

2. 2·0G. of 3,5-dinitroben~oyl chloride was added and the 

mixture was refluxed over a water-bath for thirty minutes. 

3. 10 mI. of deionised water was added to remove the 

unused acid chloride (98), and the mixture was made alkaline 

(to pH 9-10) by the dropwise addition of 10% sodium hydroxide 

solution. 
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4. The ether layer was separated off, and the aqueous 

layer extracted three times with 5 mI. po rtions of alcohol­

free benzen e. 

5. The ether and benzene extracts were combined and dried 

ove r dessicated sodium sulphate. 

6. The benzene-ether mixture was distilled off, and the 

respective derivative(s) crystallised out in the flask. 

7. The derivative(s) Were dissolved by the addition of 

two successive 0'5 mI. portions of alcohol-free benzene, which 

were transferred, in tur n, to a sample tube, which therefore 

contained the standard derivative solution. 

6.3. 2.b.l. d. Selection of solvent system. 

The standard derivative solutions (prepared as in 

6.3.2.b.l.c . ) were chromatographed under the standard condi­

tions (6.3.2.a.), using the solvent system: cyclohexane-

carbon tetrachloride - ethyl acetate (1 0 + 75 + 15). The result­

ing chromatograph did not exhibIt sufficIent differentiation 

between the derivatives. 

Under the standard experimental conditions, gradual 

increaseS in the polarity of the solvent system resulted in 

greater differentiation (98). The solvent system: ethyl 

acetate - acetone - methanol (45 + 45 + 10) was observed to 

give the maximum separation of the derivatives. DIAGRAM 2. 

" Tailing" of the spots occurred and was reduced by 

the addition of two drops of N/5 0 hydrochloric acid per 10 mI. 

of solvent. DIAGRAM 3. These results Were reproducible. 

Both Rhodamine B, and 2 t, 7'- dichlorofluorescein 

spray reagents Were used (98). The sprayed chromatographs 

were viewed under ultra-violet light, and better results were 

observed with Rhodamine B spray reagent. 

The last solvent system mentioned, and the procedure 

described previously (6.3.2.b.l.c.) were therefore applied to 

the determination of a- hy droxyisobutyric acid and isopropanol 

as degradation products of chlorbutol in ophthalmic and paren­

teral solutions. 
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6.3. 2.b.2. Application of the selected procedure to the deter­

mination of a-hydroxyisobutyric acid and isopropanol. 

6.3. 2.b.2. a. Introduction. 

As the procedure was being applied to the determina­

tion of a-hydroxyisobutyric acid and isopropanol as degrada­

tion products of chlorbutol in ophthalmic and parenteral 

solution~ the same factors regarding pH and containers, which 

have been discuSsed previously, applied (2.3.3. and 2.3.1.). 

Therefore, the presence of these compounds , in pro­

cessed and unprocessed solution.s of various pH values packed 

in silicone-coated and in uncoated containers was investigated. 

6.3. 2.b.2. b. Contain@rs and processing. 

The degradation of chlorbutol in Clinbritic bottles 

(for parenterals) and in eye-drop bottles had been shown to be 

similar, hence, in order to eliminate time-consuming repetition 

the degradation products in only one type of container were in-

vestigated. Due to ease of closure the amber glass eye-drop 

bottle was used. 

In this determination, solutions for p 'rocessing were 
o 

subjected to autoclaving for forty-five minutes at 122 , So 

that the maximum degradation of the compound possible under 

pharmaceutical conditions would occur. 

6.3. 2.b.2. c. Selection of pH values. 

Although the degradation of chlorbutol in solutions 

of pH 3.5,5.6' and 7--.4 had been determined, solutions of pH 3' 5 

were not investigated for their degradation products. The 

degradation at this pH was so low that such a determination 

was unrealistic. 

The remaining pH values of 5'6 and 7'4 were highly 

suitable, as the degradation products in both acidic and 

basic media could be determined. BUffered solutions were used, 

as the degradation of the compound had been observed to be 

higher in such solutionsat the respective pH values. 
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6.3. 2.b.2. d. Details of test soluti on s. 

The following test solutions, containing 0'7 % 

chlorbutol in 4% ethanol, were prepared, packed, and pro ­

cessed where n ecessary . 

Solution. Container . Jill. 
1. Unprocessed. Uncoated. 7·4. 

2. Unproces sed. Uncoated. 5· 6. 

3. Pro cess ed. Uncoat ed. 7·4. 

4. Processed. Uncoated. 5'6. 

5. Unprocessed. Co ated. 7 0 4. 

6. Unprocessed. Co ated. 5'6. 

7. Processed. Co ated. 7·4. 

8. Processed. Coat ed. 5.6. 

6.3. 2.b.2. e. Treatment of test solutions. 

The test solutions were treated in the manner des -

crib e d previously. (P reparation of derivatives. 6 .3.2.b .l.c. 

1-7) . The de rivat ive solutions were ~ransferred to samp le tubes. 

6.3. 2.b.2 . f. Chromatography of test de r ivat ive solutions. 

The test derivati ve soluti on s were chromatographed 

against the standard derivative solutions (6. 3 . 2.6.l . c . ) under 

the standard conditions (6.3.2.a.), using the solvent system: 

ethyl acetate - acetone - methanol (45 + 45 + 1 0) plus two 

drops of N/50 hy drochl o ri c acid per 1 0 mI. of solvent. The 

chromatograph was spraye d wit h Rhodamine B spray reagent , and 

viewed under ult r a-violet light. The resul t s obtained Were 

reproduci ble. DIAGRAM 4. 

6 . 3 . 2.b . 3. Discussion of chromatogram 

a. Det e rminati on of a-hydroxyisobut yric a c id. 

In n o instance was the 3,5~dinitrobenzoic acid 

ester of this compound detect ed . The refore, it was either not 

formed during the degradat i on of chlorbutol, or, alt ernatively, 

it was formed in quantities not detectable by this method. 

As concentrations at l east as l ow as 0.05% were readily det"·r­

mined however , if p resent the concentration of the compound 

' .. _-
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was extremely low. 

b. Determination of isopropanol. 

The 3,5-dinitrobenzoic acid ester of this com­

pound was detected in Test Derivative Solutions 1,3,4,7 and 8, 

This indicated that isopropanol was the main hydroxy-group~ 

containing compound formed during the degradation of chlorbu-

tol in pharmaceutical processes. It was observed to be pre-

sent in processed solutions of pH 7·4. and a slight amount was 

detected in the unprocessed solution of pH 7'4 in uncoated con-

tainers. Trace quantities of the derivative of isopropanol 

were detected in processed solutions of pH 5·6. 

The results of this determination Were: 

a. a-hydroxyisobutyrlc acid. NEGATIVE. 

b. Isopropanol. POSITIVE. 

6.3. 2.c. The determination of acetone. 

6.3. 2.c. 1. Experimental selection of a suitable procedure. 

6.3. 2.c. l.a. Introduction, 

As this compound is volatile, an indirect method of 

determination by thin-layer chromatography, using derivative 

formation was investigated, 2,4-dinitrophenylhydrazones have 

been utilised in the separation of ketones by thin-layer chroma­

tography (99)(100)(101), and this method was investigated for 

its applicability to the determination of acetone, 

6.3. 2.c. l.b, Identification of standard compound. 

Acetone was distilled from a commercial sample. 

The fraction distilling over at the boiling-point range 55.~-
o 

56·5 was collected, and its identity was confirmed by the 

preparation of the 2,4-dinitrophenylhydrazone (*. pt,126~ and 

the semicarbazone (m.pt.'·.18f). 

6.3. 2.c.l. c. Preparation of standard derivative. 

6,3. 2.c, l.c, 1. Preparation of reagent solution, 

The reagent solution was prepared by dissolving 
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0.25G. of 2,4-dinitrophenylhydrazine in a mixture of 20 mI. 

of concentrated hydrochloric acid and 25 mI. of deionised 

water, by gently 

and the addition 

heating over a water-bath. After cooling, 

of a further 30 mI. of deionised water, the 

reagent solution was filtered (104). 

6.3. 2.c. l.c. 2. Preparation of derivative. 

The following standard solutions were prepared. 

a. 0'7% chlorbutol in 4% ethanol. 

b. 0'05% acetone in 4% ethanol. 

Each standard solution was subjected to the 

following procedure. 

a. 10 mI. of the standard solution was trans-

ferred to a 50 mI. round-bottom Quick-fi t flask. 10 mI. of the 

2,4-dinitrophenylhydrazine reagent solution (6.3.2.c.1.c.1.) was 

immediately added. 

minutes, after 

scratched with 

b. The mixture was left to stand for fifteen 

which period the inside of the flask was 

a glass rod. The mixturE) was left to stand a. 

further ten minutes. 

c. The contents of the flask were filtered and 

the filter was washed three times with 3 mI. portions of de­

ionised water, to remove excess reagent. 

d. After drying the filter was transferred to 

a sample tube, to which was added 1'0 mI. of alcohol-free 

benzene to effect solution of the derivative on the filter. 

(i.e. the standard derivative solution). 

6.3. 2.c. l.d. Selection of solveBt system. 

The standard derivative solutiom (6.3.2.c.l.c.2 . ) 

Were chromatographed under standard conditions (6.3.2.a.), 

using the solvent system: benzene - petroleum ether (75 + 25) 

(100). The resulting chromatograph did not exhibit sufficient . 

migration of the 2,4-dinitrophenylhydrazine derivative of 

acetone, after spraying with Rhodamine B spray reagent and 

viewing unde·r ultra-violet light. 

Under identical experimental conditions other 
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solvent systems were tested. Sufficient migration of the 

derivative was observed to occur with the solvent system : 

benzene-ethyl acetate (95 + 5). The resul t.s obtained tinder 

these conditions and with this solvent system were repro~ 

ducible. DIAGRAM 5. 

6.3. 2.0. I.e. Discussion. 

As a well-defined spot was produced by the 2,4-

dinitrophenylhydrazine derivative of acetone, this method was 

adopted for the determination of low concent r ations o f acetone 

in aqueous solution. For this purpo se , it provided a sen­

sitive (at least as low a concentration of acetone as 0.05% was 

detected), simple and elegant procedure . 

6,3, 2.c, 2, Application of the selected procedure to the deter­

mination of acetone. 

6.3. 2.c, 2.a. Introduction. -

The factors and conditions discussed with regard to 

the det ermination of a-hydroxyisobutyric acid and i sopro ­

panol as degradation products of chlorbutol in ophthalmia and 

parenteral solutions (6,3,2,b.2.a- c,) applied equ al l y to the 

determination of acetone, 

6,3, 2.c. 2,b. Test solutions. 

Test solutions, identical to those previously des­

cribed (6.3.2.b.2,d.), were prepared, packe~ and processed 

where necessary_ 

6 .3. 2.c. 2.0. Treatment of test solutions, 

The test solutions Were treated in the manner pre-

vious1y described. 

a-d), 

(Preparation of derivative, 6. 3,2 .c.1.c.2. 

6.3 . 2.c. 2,d. Chromatogra.phy of tes t deri v ative solutions. 

The test derivative solutions were c hromatographed 

against the standard derivative solution (6.3.2.c.1.c.2.d.) 

under standard conditions (6. 3 .2.a.) using the solvent 
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system: benzene-ethyl a cetate (95 + 5). The chromatograph 

was sprayed with Rhodamine B spray reagent and viewed under 

ultra-violet light. 

DIAGRAM 6. 

The results obtained were reproducible. 

6.3. 2.c. 3. Discussion of chromatogram. 

No spots other than those produced by the standard 

derivative solution were observed. The spots produced by 

the standard derivative solution were so intense that concen­

trations oiacetone much lower than that of the standard solu­

tion CO'05%) would have been detected. 

Hence, acetone was not isolated as a degradation pro­

duct of chlo r butol in either processed or unprocessed solu­

tions. 

This result did not. however, rule out its po ssible 

formation and immediate further degradation under the test 

conditions. 

The result of this determinati on for acetone was 

NEGATIVE. 

6.3. 2.d. The determination of formic and acetic acids . 

6.3. 2.d. 1. Experimental selection o f a suitable procedure. 

6.3. 2.d. l.a. Introduction. 

As acetic and formic acids are liquids (105), an in­

direct method of d e terminat ion , utilising derivative formation 

and thin-layer chromatography, was investigated. Of the 

relatively large number of derivatives and salts of these acids 

(104), the benzyltbiuronium salts Were selected for the i nves­

tigation of their application in this determination. 

6.3. 2.d. l.b. Identification of standard compounds. 

The identity of reagent grade samples of the acids 

was confirmed by the preparat i on of. derivatives. 

1. Formic acid. 

° a. p-bromophenacyl ester. m.pt. 99 • 

b. Benzyl-thiuronium salt. m.pt. 152°. 
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2. Acetic acid. 

a. p -bromophenacyl ester. m.pt. 85 0
• 

b. Benzylthiuronium salt . m.pt. 134
0

• (104) 

6.3. 2.d. l.c. Preparation of standard salts. 

6.3. 2.d. l.c. 1. Preparation of reagent solution. 

A 10% soluti'on of benzylthiuronium chloride in 

distilled water was prepared. 

6.3. 2.d. l.c. 2. PreparAtion of £lalts. 

The following standard solutions were prepared. 

a. 0.5% formic acid. 

b. 0·5% acetic acid. 

The standard solutions were subjected to the 

following procedure, modified from that of Mann and Saunders 

(104). 

a. 10 mI. of the standard solution was neutralised 

to phenolphthalein (first trace of p i nk)by the dropwise addition, 

of 5% sodium hydroxide. 

b. N/50 hydrochloric acid was added dropwise 

until the solution was practically colourless. 

c. The solution was transferred to a beaker con­

taining 2 mI. of the reagent solution.(6.3.2.d.l.c.l .). 

d. The mixture was stirred and cooled. After five 

minutes the inside surface of the beaker was scratched with a 

glass rod, and a crystalline precipitate formed. 

e. After standing for fifteen minutes, t he precipi­

tate was filtered off, recrystallised from 90% ethanol, and 

dried. 

f. The identity of the benzylthiuronium salts 

of the two acids was confirmed by melting point determinati on s . 

(6.3.2.d.l.b.l.b. and 2.b.). 

Due to the probably extremely low concentration 

of the two acids in the test solutions, which would have re­

sulted in a minute quantity of precipitate, leading to filtra-
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tion difficulties, the application of an extraction procedure 

was investigated. 

Solubility tests on the benzylthiuronium salts 

of the acids indicated that they were highly soluble in chloro­

form and almost insoluble in deionised water, 

6.3. 2.d. l.c. 3. Extraction procedure for the preparation of 

salts. 

Standard solutions containing 0'05% formic and 

acetic acid respectively were prepared and subjected to the 

following procedure. 

a. 10 mI. of the standard solution was neutra­

lised to phenolphthalein by the dropwise addition of 5% sodium 

hydroxide. 

b. The procedure des cribed under 6.3. 2 ,d,I,c,2. 

b-d. was carried out. 

c. The suspension o f t he salt was extracted three 

times with 2 mI. portions of chloroform, which were combined, 

washed with 2 mI. of deionised water. and dried over dessica­

ted sodium sulphate. 

d. The solution was filtered free from sodium 

sulphate and evaporated down to 1 mI. 

e. The 'salt' solution was transferr e d to a 

Sample tube. 

6.3. 2.d, l.c. 4. IdeAtification of the 'salts' produced by the 

extraction procedure. 

The identification of the salts produced by the 

extraction procedure was carried out by chromatographing the 

solutions, under standard conditions (6.3,2 .a,) against solu­

tions of the standard salts (6.3,2.d.l.c,2.), using the solvent 

system: chloroform-ethyl acetate- acetone (40 + 40 + 20) plus 

one drop of NIIO hydrochloric acid per 10 ml, of solvent~ 

The chromatograph was sp rayed with 2;7'-dichloro­

fluorescein spray reagent and vi ewed under ultra-violet light. 

The results obtained were reproducible. DIAGRAM 7, 

The salt solutions produced by the extraction 



-76-

procedure were chromatographically identical to the standard 

salt solutions . (6.3.2.d.l.c. 2 .). 

~ote: Selection of solvent syst em. 

The structures of the benzylthi uronium s alts of formic 

and acetic acids can be represented as: 

a. Salt of formic acid , 

r 
,+ 

r~--C H2- S- n- "'H2 1 
I ~./ f\lH ) 
" 2 . 

o 

b, Salt of acetic acid , 

(104) 

Due to the presence of the - NH
2 

and carboxyl groupings, 

and their resultant polarity, these salts would be strongly 

adsorbed on the layer, hence would require a polar solvent 

system on a non-active adsorption layer (98), 

The solvent system: chloroform-ethyl acetate- acetone 

(40 + 40 + 20) plus one drop of N/IO hydrochloric acid per 

10 ml, of solvent, was exper i mentall y found to give optimum 

separation of the two salts. 

Thin layers which had not be e n a ctivated were used in this 

determination. 

Throughout the experim ental determination of a suitable 
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solvent system. the salts produced by the extraction proce­

dUre exhibited chromatographic characteristics identical to 

those of the standard salts. (6.3.2.d.l.c.2.). 

6.3. 2.d. l.c. 5. Discussion. 

By the application of the extraction procedure, 

concentrations of 0-05% of formic and acetic acids Were detec-

ted. The method was therefore adopted for the determination 

of low concentrations of these acids in aqueous solution. 

6.3. 2.d. 2. Application of the s e lected procedure to the determi­

nation of formic and acetic acids. 

6.3. 2.d. 2.a. IntrodRction, 

The factors and conditions discussed previously 

(6,3,2.b.2. a-c) applied equally to the determination of 

formic and acetic acids, 

6.3. 2.d. 2. b. Test solutions. 

Test solutions~ identical to those described previous­

ly (6.3.2,b.2,d,) were prepared, packe~ and processed where 

necessary. 

6,3, 2.d. 2,c, Treatment of teat s .olutions. 

The test solutions were subjected to the procedure 

previously descr;l.bed~ (E;':triict;l.on pl"ocedure for the preparation 

The solutions were transferred to 

sample tubes. 
,. 

6.3, 2.d, 2.d. Chromatography of test solutions. 

The'test salt solutions were chromatographed against 

the stanGhLrd salt solutions (6.3.2.d.l.c.3.), under standar'd 

conditions (6.3.2,a.), using the solvent syste~ chloroform '­

ethyl acstate - acetone (40 + 40 +. 20) plus one drop of NIIO 
,. 

hydrochloric acid per 10 ml~ of solvent. 

The chromatograph was sprayed with 2;7'-dichloro­

fluorescein' spray reagent and viewed under ultra-violet light 
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The results obtained were r eproducible. DIAGRAM 8. 

6.3. 2.d. 3. Discussion of chromatogram.. 

The benzylthiuronium salt of neither formic nor acetic 

acid was observed to be present in processed or unprocessed 

solutions of chlorbutol. i.e. formic and acetic acid Were not 

isolated as degradation products of chlorbutol, although con­

centrations at least as low as 0.05% were r eadily detected by 

this method. 

The results of this determination were: 

a. Formic acid. 

b. Acetic acid. 

NEGATIVE. 

NEGATIVE. 

6.3. 2. e. The determination of chloride~. 

6.3. 2.e. 1. Experimental select ion of a suitable procedure • 

• 
6.3. 2. e. l.a. Introduction .• 

Chlorides produced by the degradation of chlorbutol 

during pharmacellltical processes would be present in the sola­

tion as free chlorine or as the anion. 

The potassium and sodium salts of the halides have 

been fractionated by thin-layer chromatography (98), and the 

application of the procedu.re to this de:termi nation was inves­

tigated. 

The alkali halide could be determined by chromatography 

against a standard halide, after the addition of sodium hydrox­

ide to the sol u tion. The determination should be performed 

immediately after the addition of the base, so that further 

degradation of the residual chlorbutol, due to the hydroxyl ion, 

would not occur. 

6.3. 2.e. l.b. ~reparation of standard solution. 

A 0·1 % sodium chloride solution in deionised water 

was prepared. 

6.3. 2.d. l.c. Preparation of neutralised chloride solution. 

1 mI. of N/50 hydrochlori c acid was neutralised 
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with N/2 sodium hydroxide. 

6.3. 2.e. I,d. Selection of solvent Syst ci m. 

The standard solution (6.3 . 2.e.l.b.) and the neutra­

lised chloride solution (6.3.2.e . l .. c.) were chromatographea 

under standard conditions (6 .3.2. a.), using the solvent sys ­

tem: acetone - n-butanol - concentrated ammonia solution -

deionised water (65 + 20 + 10 + 5) (98). 

The chromatograph was sprayed with 0'1% bromo crbsol 

purple spray reagent (98) . The results obtained were r e pro-

duci bl e. DIAGRAM 9. 

6.3 ~ 2.e. I.e. Discussion. 

The Rf' values obtained with the standard sodi um 

chloride solution, and with the neutralised chloride solut i on 

were ldentical (0·15). As the spots obtained were very w 11 

defined , tbb method was suitable for the determination of low 

concentrations of chlorides in aqueous solutions, 

6,3. 2.e. 2. Application of the selected procedure to the det er­

mination of c hlorides. 

6,3, 2,e, 2. a. Int"'oducti on. 
~- -
The factors and conditions previously discussed 

(6. 3 .2. b, a- .,,' applied equally to the determination of 

chlorides. 

6.3. 2. e. 2. b , Te st solutions, 

Test solutions identi cal to those previously des­

cribed C6.3.2.b,2.d.) were prepared, packe~ and processed 

where necessary. 

6.3. 2. e. 2. c. Treatm ent of test solutions, 

The test solutions were subjected to the follow i ng 

procedure, 

1. I mI. of the test solution was transferred to a 

sample tube, and neutralised (to pH indica.tor paper) with N/2 

sodium hydroxide. 
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2, The tube was shaken ance, and the soluti on was 

immediately spotted onto the thin-layer , 

The procedure on one tes t solut ion was completed 

before that on the next was commenced, 

6 ,3 . 2.e. 2.d. Chromatography o f test solutions. 

The treated test 301ut ions were chromatographed 

against the standard chloride soluti on (6, 3 .2 . e. l.b. ) and the 

neutralised chloride solution (6 . 3.2.e.l.c. ), under standard 

conditions (6,3.2.a.), using the solvent system: acetone ­

n-butanol - concent:::-ated ammonia s olut i on - deionised water 

(65 + 20 + 1 0 + 5), 

The chromatograph was sprayed with 0· 1% bromocresol 

pur pl e s p ray reagent, 

DIAGRAM 10, 

The r esul ts obt ained were reproducible , 

6. 3 . 2 .e. ~, Discussion of chromatograa. 

Chl orides were isolated from every test solution, 

and certain conclusions w~re drawn from a detailed examination 

of the chromatograph. 

a. Solutions o f. pH 7,4 e·x hibi t ed l ower chloride c on­

centrations than s o lution> of p H 5 ' 6. 

b . P rocessed solutions e x hibited lower chl or ide con­

cent rations than unprocessad solutions , 

c. So lutions in uncoated contai n ers exhibited lower 

chl or ide concentratloMthan solutions i n coated containers. 

Therefore, low chloride concentrations app eared t o 

depend upon two factors. 

a. The alkalinity o f the s olutions and of the co n -

tainers, 

b, The ~xtent of d egradation, 

The low chl o ride levels determi n ed i n p rocessed alka­

li n e solutions of chl o rbutol were responsible f o r the decreased 

ant ibacterial potency of t hese solutions , and It was e vident 

that chloridEs were l ost from the s olution dur i ng the degrada­

tion of the c ompo und, 
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A high concentration o f chl o ri d es was d e p endent u po n 

a high concent r at i on o f c hl o rbutol . 

It was t herefore c oncluda d that the anti bacterial 

properties o f s ol u tion s o f the comp ound were dependent u po n 

both the concentration o f undegraded chl orbut o l and the co nc e n ­

tration of f r ee chlori d e s. o f which free chl o rine was c on­

sidered to pl ay t he ma j o r part. due t o its inten se reactivity 

(8) • 

6 ,3 , 3, The determination o f d egradati o n produc t s by specific tests, 

6,3 , 3 . a. Introduction, 

The d e terminat i on o f pos sible deg l"ad a tion products o·f 

chlorbutol, in opht h almic and parenteral s olutions, b y thin­

lay e r c hromatogr aphy, was no t a.pplicable to the detect i o n of two 

of the sel e c t ed p r oduct s , 

1 . Chl orofo r m, 

2, Hy d rog e n ions, 

Sensi tive spec i f ic tests for these c omp ounds Were there­

fore investigated, 

6,3, 3, b, Th e d e termina ti on of chloro f o rm , 

6,3, 3,b, I, Experimental selection o f a su1table p rocedure . 

6.3, 3.b, La. Introduction, 

Although a search of the literature had indicated 

that microdeterminations o f chl o rof o rm in a queous solutions were 

carried out b y gas chromatography (e . g, (1 0 6)). the method was 

not applied in this d eterminati o n because a qualitati ve test 

only was r e quired , 

The high s ensi t ivity of. the p henyl-is ocyanide test , 

which has been u sed fo r the identifi ation of both chl o roform 

and chlorbutol ( 30) (6) (04 ) ( 33 ). r ec ",.mende d its further inves­

tigation , 
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6.3. 3.b. l.b. Identification of the standard compounds. 

The identities of the chloroform and chlorbutol 

standards used in this determination were confirmed by the 

official tests (33). 

6.3. 3.b. l.c. Testing of the method. 

The method described by Mann and Saunders (104) 

was adapted to the requirements of this investigation. 

1. Preparation of reagent solution. 

0·5 mI. of aniline was dissolved in 10 mI. of 

N/lO alcoholic sodium hydroxide. 

2. Testing of the procedure. 

Preliminary tests indicated that the method was 

sufficiently sensitive for the detection of a concentration of 

0'025% chloroform in aqueous solution. 

The following standard solutions were prepared. 

a. 0'025% chloroform in 4% ethanol. 

b. 0'7% chlorbutol in 4% ethanol. 

1 mI. of the reagent solution (6.3.3.b.l.c.l.) was 

added to 10 mI. of the respective standard solutiomand the 

reaction mixtures were immediately gently warmed. 

The characteristic odour of phenyl isocyanide was 

produced by solution a. (0'025% chloroform) within thirty 

seconds, but positive results were not obtained with solution 

b. (0'7% chlorbutol~ even after gentle warming for three 

minutes. 

6.3. 3.b. l.d. Discussion. 

This test is official for the identification of both 

chlorbutol and chloroform (33). Its application in the former 

case rests upon the preliminary degradation of the compound in 

alkaline medium. Under the experimentally determined condi­

tions of this evaluation, the chlorbutol in solution was not 

subjected to sufficient degradation for a positive result to 

be obtained i.e. the experimental conditions were so mild as 

not to cause the degradation of the compound. Positive re-
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suIts were given when chloroform was included in the test 

solution. 

The modified procedure was therefore applied to 

the detection of chloroform in solution in the presence of 

residual chlorbutol. 

6.3. 3.b. 2. Application of the selected procedure to the determi­

nation of chloroform. 

6.3. 3. b. 2. a. Introduction. 

The factors and conditions previously discussed 

(6.3.2.b.2. a-c) applied equally to the determination of 

chloroform. 

6.3. 3. b. 2. b. Test solutions. 

Test solutions identical to those previously des­

cribed (6.3.2.b.2.d.) were prepared, packed, and processed 

where necessary. 

6.3. 3.b. 2.c. Treatment of test solutions. 

1 mI. of the reagent solution (6.3.3.b.l.c.l.) was 

added to 10 mI. of the respective test solution, and the re­

action mixture was gently warmed. 

The detection of the characteristic odour of phenyl­

isocyanide within thirty seconds was evaluated as a positive 

result .. 

Standard solutions of chloroform and chlorbutol 

(6.3.3.b.l.c.2.) in 4% ethanol were used for comparative 

purposes. 

6.3. 3.b. 2.d. Results. 

The results of this determination were tabulated. 

TABLE 43. 

6.3. 3.b. 3. Discussion of results. 

Chloroform was detected in all processed test solu­

tions, but was not detected in any unprocessed test solution. 

Differences due to the pH values of the solutions 
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were not observed, as the method was not quantitative. 

These results indicated that chloroform was a de-

gradation product of chlorbutol in ophthalmic and parenteral 

solutions subjected to heat processing. 

The result of this determination for chloroform 

was POSITIVE. 

6.3. 3.c. The determination of hydrogen ions. 

6.3. 3.c. 1. Introduction. 

As the formation of hydrogen ions during the degra­

dation of chlorbutol in solution has been firmly established 

(35)(17)(40)(76), this determination was mainly directed to­

wards the ratification of previous findings. 

The pH values of test solutions before and after pro­

cessing were therefore obtained with the Radiometer pH meter. 

6.3. 3. c. 2. Experimental procedure. 

6.3. 3.c. 2.a. Test solutions. 

Buffered and unbuffered test solutions identical 

to those previously described (6.3.2.b.2.d.) were prepared, 

packed, and process e d where n e cessary. 

2 .. b. Measurement of pH values of test solutions. , 
The Radiometer pH meter was calibrated against 

standard buffer solutions of pH 7'4 and 5'0 respectively and 

was used to determine the pH values of the test solutions. 

6. 3.. 3 .. c.. 2 .. c.. Re S ul t s. 

The results of the determination were tabulated. 

TABLE 44. 

6.3. 3. c. 3. Discussion of reBul ts. 

The results indicated that hydrogen ions wer e pro­

duced during the degradation of chlorbutol in pharmaceutical 

processes. 
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A reduction in pH was observed to occur with all 

the test solutions after processing, and was much greater in 

unbuffered than in buffered solutions. 

Solutions in silicone-coated containers were ob­

served to possess lower pH values than solutions in uncoated 

containers. This fact provided further evidence in support 

of the hypothesis previously submitted in explanation of the 

observed greater degradation of chlorbutol in soluti ons in un-

coated containers. (Chapter 4.). 

The results were in agreement with those of 

Kerckhoffs and Huizinga (76). except that no general reduc-

tion of the pH to approximately 2'5, upon autoclaving unbuffered 

chlorbutol solutions, was observed to occur. 

The result of the determination of hydrogen ~ 

was POSITIVE. 

6 .4. Discussion. 

The degradation products of chlorbutol which were detec­

ted in this investigation were: 

1. Isopropanol. 

2. Chlo ri d es. , 
3. Chlo roform. 

4. Hydrogen ions. 

They were outlined in DIAGRAM 1, and the results indicated 

that the degradation of chlorbutol was likely to occur by re­

action paths 1 and/or 2. 

The fact that a-hydroxy-isobutyric acid was not isolated 

led to the rejection of reaction path 3 as a possibility, 

although Bressanin and Segr~ (107), and Nair and L~ch (42) 

hypothesised that the formation of this compound by a competi-

tive reaction was posSible. Reactiom of the type envisaged 

are highly favoured in alcoholic medium (108), and the reac tion 

would therefore have been aided by the prevailing experimental 

conditions.(i.e. 4% ethanolic solutions). The fact that the 

compound was not detected, under these favourable conditions, 
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eliminated the possibility of its formation during the degra­

dation of chlorbutol in pharlllaceU.tical. processes. 

Another probable degradation product not isolated was 

acetone. It was considered that the negative result was due 

to its formation and immediate further degradation, as the 

thermal decomposition of the substance has been shown to pro-

ceed by a free radical mechanism. 

extremely rapid reactions (6). 

Such mechanisms result in 

The formation of the compounds which were isolated was 

f easi bl e. 

It seemed likely, however, that chloroform was a terminal , 

and not an intermediate, degradation product. Its rate of 

degradation in aqueous solution is extremely low compared to 

that of chlorbutol, and for complete degradation it must be 

refluxed with sodium hydroxide for several hours (109)(110). 

Chloroform has been observed to be (directly or cataly­

tically) active against bacteriophage, by the production of 

toxic components in the solution (Ill). It was suggested that 

its antibacterial properties were similarly based , and were 

due to the gradual release of free chlorine into the solution. 

This hypothesis was equally applicable to an explana­

tion of the mode of action of chlorbutol itself, due to the 

formation of chloroform. 

In conclusion, it was considered that, whilst the detec­

tion or isolation of a particular degradation product was 

not positive proof that degradation occurred through or to 

that product, the reSults obtained were evidence that degrada­

tion along the indicated reaction path was probable. 

This investigation indicated that the reaction paths 

most probably followed during the degradation of chlorbutol, 

in ophthalmic and parenteral solutions, were thosedesignated 

as 1 and 2 in DIAGRAM 1. 
I 

6.5. Abstract. 

Certain possible degradation products of chlorbutol in 
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ophthalmic and parenteral solutions were selected for investi­

gation on the basis of their probability of formation and like­

ly contribution to the elucidation of the degradation path(s) 

of the compound. 

Sensitive methods of detection by thin-layer chromato-

graphy were devised and applied. Where such techniques were 

unsuitable, other specific tests were utilised. 

Isopropanol, chlorides, chloroform and hydrogen ions 

were detected, and their contribution to the elucidation of 

the degradative processes of chlorbutol was discussed. An 

hypothesis regarding the mode of antibacterial action of chlor­

butol was propoSed. 
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CHAPTER VI I , 

Discussion. 

This investigation demonst r ated the advantages and limita­

tions of chlorbutol as a self-sterilising agent for ophthalmic 

and parenteral solutions, and enabled positive steps to be taken 

to reduce or to eliminate the limitations, 

Chlorbutol was adversely affected by high pH values and high 

temperatures. These two factors greatly increased its rate of 

degr a dation, which was similarly affected by the alkalinity of the 

glass of the containers in which its solutio ns were packed. 

The results of the spectrophotometric assay procedure ind i ­

cated that the observed r eduction of antibacterial properties 

of processed solutions of t he compound was the direct result of 

its physical breakdown, 

Bacteriological tests against a representative cross-section 

of common micro-organisms indicated that solutions with a chlor­

butol concentration of 0'5% possessed inadequate self-sterili-

sing properties, although solutions of this concentration were bac­

tericidal when used in conjunction with heating processes for the 

purpose of sterilising solutions. 

Increasing the concentration to 0'7%, by the utilisation of 

ethanolic solutions, resulted in a marked increase in the self­

sterilising properties, although the antibacterial potency o f 

these solutions was also adversely affected by heat and high pH 

values . 

Filtration sterilisation procedures, with membrane filters, 

resulted in the maintenance of the original concentration, and 

the self-steriliSing properties, of the compound. 0'7% chlorbutol 

solutions sterilised in this manner virtually complied with all 

the requirements of the "ideal" self-sterilising and preservative 

agent. (Chapter 1.). 

The investigation of the degradation products of the com­

pound indicated that the degradation path(s) were complex, and in­

cluded both side and reversible reactions. 
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The proposed hypothesis that the antibacterial properties of 

chlorbutol resulted from the formation of chloroform, with the 

subsequent slow release of chlorine , most nearly complied with 

the experimental results. 

The results of this investigation necessitated that a re­

commendation be made regarding the use of chlorbutol, for its 

antibacterial properties in solution. 

Recommendation. 

For the production of almost completely self-sterilising 

solutions, 0'7% chlorbutol, in 4 % ethanol, should be inco r por­

ated as the antibacterial agent, by the dilution of concentrated 

stock solutions. For the optUfium stability of the compound 

and of its antibacterial properties, sterilisation should be 

carried out by bacterial filtration procedures using membrane 

filters. Where heat sterilisation methods are unavoidable, solu­

tions should be buffered to pH 3·5-4'0. Silicone-coated con­

tainers should always be used fo r both ophthalmic and parenteral 

solutions. 
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APPENDIX 1. 

Presentation of experimental data. 

A.l. TABLES. 

A.l.l. Results of bacteriological tests for the bactericidal 

properties of 0·5% chlorbutol solutions used in conjunc­

tion with heat processin.g. 

TABLE " 1. 

Unbuffered solution. pH 3'5. 

Container Sterile Control Steaming times in minutes. 
Control No 

chlorbutol o • 15 30 45 60 75 90 

1 ml. A +S +S 
amber B +S +S 
ampoules C +S +S 

D +S +S +B 

2 mI. A +S +S 
white B +S +S 
ampoules C +S +S 

D +S +S 

5 mI. A +S +S 
white B +S +S 
ampoules C +S +S 

D +S +S 

10 mI. A +S +S 
white B +S +8 
ampoul es C +S +S 

D +S +S 

15 ml. A +S +S 
Clinbritic B +S +S 
bottles C +S +S 

D +S +S 

15 ml. A +S +8 
eye-drop B +S +S 
bottleS C +S +S 

D +S +8 
.- ....... -
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TABLE 2. 

Unbuffered solution, :l!H 5_- 6. 
. . 

Container Sterile Control 
Steaming Control No times in minutes. 

chlorbutol 0 15 30 45 60 ~ 75- 90 

1 ml A +M +S 
amber B +M +S +B 
ampoules C +M +S 

D +M +S 

2 ml. A +M +S 
white B +M +S +B 
ampoules C +M +S 

D +M +S 

5 ml. A +M +S 
white B +M +S 
ampoules C j-M +S +B 

D +M +S 

10 ml. A +M +S 
white B +M +S 
ampoules C +M +8 

D +M +S 

15 ml. A +M +S +B 
Clinbritic B +M +S +B 
bottles C +M +8 +B +B 

D +M +8 

15 ml. A +M +S 
eye-drop B +M +8 
bottles C +M +S 

D +M +S 
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TABLE 3. 

Unbuffered solution I!H 1- 4 • 

Container Sterile Control Ste'aming times in minutes. 
Control No 

chlorbuto;!, 0 15 30 45 60 75 90 

1 mI. A +M +S +S 
amber B -iM +S +S 
ampoules C +M +S +B 

D -iM +S +S +B 

2 mI. A +M +S +S +B 
white B +M +S +S 
ampoules C +M +S +S +B 

D +M +S +S 

5 mI. A -iM +S +S 
white B -iM +S +S ... 
ampoules C +M +S +S +B 

D -iM +S +S 

10 mI. A +M +S +S 
white B +M +S +S 
ampoules C +M +S +S +B 

D +M +S 

15 mI. A +M +S 
Clin:bri tic B +M +S 
bottles C +M +S +S 

D -iM +S +S +B 

15 mI. A +M +S +S 
eye-drop B -iM +S +S +B 
bottl es C +M +S +S +B 

D +M +S +S 
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TABLE 4, 

Buffered solution IlH 3-5. 

Container Sterile Control Steaming times in minutes, 
Control No 

chlorbutol 0 15 30 45 60 75 90 

1 m1, A +S +S 
amber B +S +S +B 
ampoules C +S +B 

D +S +S 

2 m1. A +S +S 
whi te . B +S +B 
ampoules C +S +B +B 

D +S 

5 m1. A +S +S 
white B +S +S 
ampoules C +S +S 

D +S +S 

10 mI. A +S +S 
white B +S +S 
ampoules C +S +S 

D +S +S 

15 m1. A +S +S +B 
C1inbritic B +S +B 
bottles C +S +S 

D +S +S 

15 m1. A +S +S 
eye-drop B +S +S 
bott1 eS C +S +S 

D +S +8 +B 
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TABLE 5. 

Buffered solution. llH 5·6. 

Container Sterile Control Steaming times in minutes\> 
Control No 

chlorbutol 0 15 30 45 60 75 90 

1 ml. A +M +S 
amber B +M +S 
ampoules C +M +S +B 

D -t-M +B 

2 ml. A +M +S 
white B -t-M +S 
ampoules C +M +S 

D -t-M +S 

5 ml. A -1M +S 
white B -1M +S 
ampoules C +M +S 

D +M +S +B 

10 ml. A +M +S 
white B +M +S 
ampoules C +M +S 

D -+M +S 

15 ml. A +S +S 
Clinbritic B +M +S 
bottles C +M +S +B +B 

D -1M +S +B. 

15 ml. A -1M +B 
eYf'-drop ~ -1M +S 
bottles C +S +S 

D -1M +S 
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TABLE 6. 

Buffered solution, llH 1- 4 • 

Container Sterile Control Steaming times in minutes_ 
Control No 

chlorbutol 0 15 30 45 60 1 5 90 

1 ml. A +M +8 +S +B 
amber B +M +M +S +B 
ampoules C +M +S +S +B 

D +M +M +S 

2 ml. A +M +S +S +B 
white B +M +S +S +B 
ampoules C +M +S +S 

D +M +8 +S +B 

5 ml. A + +M +M +S 
white B +M +S +S 
ampoules C +M +S +S +B 

D +M +S +S +B 

10 ml. A +M +S +S 
white B + +M +M +S +B 
ampoules C +M +8 +S 

D +M +8 +S 

15 ml. A +M +M +S +B 
Clinbritic B +M +S +S +B 
bottles C +M +8 +S +B 

D +M +M +S +B 

15 ml. A +M +S +S +B 
eye-drop B +M +S +S +B 
bottles C +M +M +S +B 

D +M +8 +S +B 



A.1.2. Investigation of Spectrophotometric assay procedure. 

TABLE 7. 

Conformation of the coloured complex with Beers' Law. 

Experimental data for GRAPH 2. 

Initial concentration 
of chlorbutol Cmg./m1.) 0·1 0'2 0·3 0·4 

Absorbance of 
sol ution. 0-051 0·116 0·241 O' 359 

TABLE 8. 

Fading of the coloured complex with time. 

Experimental data for GRAPH 3. 

Time after reaction 
in minutes, 5 10 15 20 

Absorbance of 

25 

0·5 

0·499 

30 

0·6 

0·587 

35 

solution, 0·405 0· 3 59 0 · 332 0'326 0·316 0.3Q4 0·298 

Time after r eaction 
in minu,tes, 40 45 50 55 60 

Absorbance of 
solution, 0· 29 3 0·291 0·289 0·286 0.283 
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TABLE 9. 

Assay of 'test' quantit ies of chlorbutol in solution. 

Experimental data for GRAPH 4. 

a. Calibration curve data. 

Initial concentration 
of chlorbutol (mg,/ml. ) 0·2 0' 3 0'4 0 ·5 

Absorbance of 
solution, O· 201 0-262 0-318 O' 380 

b,Experlmental data. 

• Unknown , solution x y 

Absorbance O' 2 28 O' 293 

c, Calculation. 

1. Concentration of solution X from graph = 0·247 mg./ml. 

Original concentration of solution X 0·25 mg./ml. 

Error expressed as a per centage of initial concentra­

tion = 1- 20% 

2. Concent r at i on of solution Y from graph = 0-350 mgt/ml. 

Original conc e n trati on of solution Y 

:. Error expressed as a percentage of initial concentra­

tion = 0'0% 
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TABLE 10. 

Example of method used to obtain percentage degradation of 

0·5% chlorbutol in solution. 

Exp erimental da ta for GRAPH 6. 

a. Calibration curve data. 

Initial concentration 
of chlorbutol (mg.(m1,) 

Absorbance of 
solution. 

b. Experimental data. 

Heating time 
in minutes. 0 

Absorbance of 
sol ution. 0.417 

Concentration of 
solution from 
graph. 0'499 

Calculated 
percentage 
degradation. 0·2 

15 

0·414 

0·495 

1'0 

0 · 2 

0·177 

3 0 

0·40 5 

0.48 3 

3 · 4 

0·5 

0·256 0·328 0·429 

45 60 75 90 

0. 397 0'393 0 · 386 0· 382 

0·475 O' 469 0·461 0·454 

5'0 6'2 7·8 9' 2 
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TABLE 12. 

Unb uffer e d solution, RH 5 0 6 . 

Exp erimental da.ta. f or GRAPH 8, 

Time of ;,t eami n g 
in minutes. 0 15 30 45 60 75 go 

A, 1 ml, amber 
ampoules a-a 1 .6 3.4 4· 8 6,8 8.2 9,8 

B _ 2 mI. whit e 
ampoules 0'0 1 -6 3 , 2 4-4 6-0 7·2 g-O 

C. 5 ml _ white 
ampou.l es 0'0 1-4 2 -6 , ,4' 0 5'4 6 - 6 7·8 

D_ I D ml_ white 
amBo ulesj;: --.9..:L-..l - 0 2-4 .3 .. ,:1: 4 -8 5'6 7- 0 

E. 15 mI .. Clin-
britic 
bottl es , 0' 2 2 -0 3 -8 6'0 7'6 9·8 11. 4 

F. 15 ml, e y a-
:trop 

_..E.2t tlss . a -a 1,8 :S °6 5 ' 2 7-2 g ' O 10,4 

TABLE 1 3 . 

Unb uffe,2'ed S 0 1 !l..t !.2!k :eH 7 .. 4. 

Exp erime nt a.l, data f o r GRAPH ~ ... 

Time of "t "'5.)1',;' g 
in minutes Q _---0. l5 " 0 45 60 75 90 

A. 1 ml , amb e r 
alllE oules O o ·~_~:6 2 4.:Q ,6 ' 4 8'0 10 , 2 12,2 

B, 2 ml, white 
ampoules 0'0 2 -0 3 '6 5'4 7 ,4 9'4 1 0 · 8 

C. 5 mI. whi t e 
amBoules a -a 1 -8 3 - 6 5, 2 7'2 8,8 1 0 - 6 

D_ 10 ml , white 
ampoul e s 0'0 1·4 ~ .4 5 , 2 6-6 8,4 1 0'0 

E, 16 ml , CU.n-
britic 
bot tles . 0' 4 2 .. 6 ~_-&.:. 0 7 ' 2 9'2 11-4 13, 8 

F. 15 ml , e y e-
d r op 
bottles , 0-2 2 -4 4'4 6-4 8-8 1 0,8 12 ,8 
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TABLE 14. 

Buffered solution. llH 3·5 

EXllerimenta1 data for GRAPH 10. 

Time of steaming 
.in minutes, 0 15 30 45 60 75 90 

A. 1 mI. amber 
ampoules 0'0 1'0 1'6 2·8 3'8 4'4 5·2 

B. 2 mI. white 
a¥'llou1 es 0'0 0.8 1.*2 2'0 2·4 2·8 3'6 

C. 5 mI. white 
ampoules 0'0 0-4 1'2 1'4 1·6 2·4 2'6 

D. 10 mI. white 
ampoules 0·0 0-4 0'6 0'6 1'2 1·2 1·4 

E. 15 mI. CU.n-
britic 
bottles 0-2 1-4 2·4 3'6 5'0 6'2 7'0 

F. 15 mI. eye-
drop 
bottles. 0'2 1-2 2,4 3·4 4'4 5'6 6'6 

TABLE 15. 

Buffered solution. llH 5" 6. 

EXll eriment al data, for GRAPH 11, 

Time of steaming 
in minutes 0 15 30 45 60 75 90 

A. 1 mI. amber 
amlloul es. 0'0 1-6 3'2 5'0 6'4 8'0 9·8 

B. 2 mI. white 
ampoules 0'0 1-2 3'0 4'4 5'8 7'6 8·8 

C. 5 mI. white 
amlloules 0'0 1'6 2'6 4·4 5'6 6'8 8'4 

D. 10 mI. white 
ampoules 0'0 1·4 2·8 3'6 5'2 6'4 7.6 

E. 15 mI. Clin-
britic 
bott1.es 0·2 2·2 4.0 5·6 7·4 9·4 11'0 

F. 15 mI. eye-
drop 
bottles 0-2 2'0 3-6 5·4 7'0 8'8 10·4 
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TABLE 16. 

Buffer.' d solution, pH 7·4, 

Exper i mental data for GRAPH 1 2 , 

Time of steamin,g 
in minutes. 0 15 30 45 60 75 90 

A. 1 ml, runb.",· 
ampoules . 0·2 2, 6 5'0 7 ' 6 10 ' 2 12·6 15'0 

B. 2 mI. wh:t.tt~ 

a,mpou1 6 s 0'0 2 0 4 4·8 6'8 9'4 11'6 1 3 "8 

C. 5 mI. wh i t" 
ampo u l e s 0'0 2 · 2 4'6 B' b 9'2 11'4 1 3 ' 4 

D. 10 ml. whi t ,. 
amp 0 u :i. t-1 S 0 0 0 2 " 2 4'6 6 · 4 8'6 11'0 1 3 ' 0 

E. 15 117.1 • Cl i n -
Lr i ti c 
bottl e~ , 0.4 ~ "2 tj· O 8'4 11,4 13 '8 16 ·6 

F, 15 mIo II;:!' J' t:: --

c r op 
bottl e s. 0 '4 3 '0 5'6 7'8 10,4 1 3 .2 15·4 
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A_1_4_ Results of spectrophotometric assays for residual chlorbutol 

after autoc1aving_ 

TABLE 17_ 

Percentage degradation va1ges of chlorbutol solutions in 
o 

uncoated containers autoc1aved at 115 for varying periods_ 

Experimental data for GRAPHS 13-18_ 

State of 
pH solution 

3-5 Unbuffered 

5-6 Unbuffered 

7-4 Unbuffered 

3-5 Buffered 

5 _ 6 Buffered 

7-4 Buffered 

Container Times of autoc1aving in minutes Graph 

CBB 
EDB 
CBB 
EDB 
eBB 
EDB 
eBB 
EDB 
CBB 
EDB 
eBB 
EDB 

Om_ ~5m. 30m_ 45m. 60m. Number. 

0-4 
0'2 
0-4 
0'2 
0-2 
0-0 
0'2 
0-2 
0-2 
0'0 
0-0 
0,2 

2-2 
1-S 
2-4 
1·8-
3'0 
2-2 
2-0 
1-4 
2-4 
1·8 
3-4 
3.0 

4-2 
3-0 
4-0 
3'4 
5'6 
4'S 
3 - 2 
2-S 
4-8 
3-6 
6-6 
6-2 

5-6 
4-2 
6-2 
5-2 
S-8 
7-0 
5-2 
4-4 
7-0 
5-2 
9-8 
9-0 

7-8 
5-8 
7-6 
6-4 

11-4 
9'4 
6-6 
5-8 
9·2 
7-4 

13- 4 
12-2 

13 

14 

15 

16 

17 

18 

eBB = 15 ml_ C1inbritic bottle, 
EDB = 15 m1, eye-drop bottle. 

TABLE 18, 

Percentage degradation values of chlorbutol solutions in 
. 0 uncoated containers autoclaved at 122 for varying periods_ 

Experimental data for GRAPHS 19-24. 

State of 
pH solution 

3- 5 Unbuffered 

5_6 Unbuffered 

7-4 Unbuffered 

Container Times of autoclaving in minutes Graph 
Om. 15m. 30m. 45m. 60m. Number 

6-8 
5·6 
7-4 
6· 6 

19 

20 

21 
" . 

eBB 
EDB 
eBB 
EDB 
eBB 
EDB 
CBB 
EDB 
eBB 
EDB 
eBB 
EDB 

0-0 2· 4 
0-0 1 ·-8 
0'4 2-8 
0·0 ·· 2_ 2 
0·2 :3-6 
·0 - 2 3 - 0 
0-0 2· 2 
0-0 1'8 
0-0 2- 6 
0·2 3-0 
0-0 4'6 
0'2 4'8 

4-4 
3 - 6 
5,2 
4-2 
6-6 
6-2 
4-2 
4-0 
5-8 
5-2 
9-6 
9-2 

10-4 
8-6 
6'2 
5-8 
8-4 
8-0 

8-6 
7-2 

10-0 
8-4 

13-4 
H·8 

8-6 • 3 - 5 Buff ered 

5'6 BUffered 

7-4 BUffered 14- 2 
13-6 

8-0 
H- 2 
10·4 
19-2 
18·8 

22 

23 

24 

; -



A .. l .. 5. Results of bacteriological tests for the self-sterilising EroEerties of 0'5% 

chlorbutol solutions after steaming:. 

TABLE 19. Unbuffered solutions. After steaming: for fifteen minutes. 

a. At EH 3'5 

Containers Control Control Test solutions 0'5% chlorbutol. No process. 
Tech- No Time after inoculation Time after inoculation 
nigue chlorbutol 30m, 60m, 9Qm, 24hr. 48hr, 90m, 24hr, 48hr, 

15 mI. A +8 +8 +8 +8 +B +B +8 +B +B 
Clinbr1t1c B +S +8 +8 +8 +B +B +8 +B 
ho·tt:!,e C +8 +8 +8 +8 +B +B +8 +B +B 
15 mI. A +8 +8 +8 +8 +B +B +8 +B +B 
Eye Drop B +8 +8 +8 +8 +B +B +8 +B +B 
bottle C +8 +8 +8 +8 +B +B +8 +B +B. 

b. At EH 5'6 

15 mI. A +M +8 +8 +8 +B +B +8 +B +B 
Clinbritic B +M +8 +8 +8 +B +B +8 +B +B I 

Bottle C +M +8 +8 +8 +B +B +8 +B +B I-' 
0 

15 mI. A +M +8 +8 +S +B +B +8 +B 01> 

Eye Drop B +M +8 +S +8 +B +B +8 +B +B 
I 

BottI.! C +M +8 +8 +8 +B +B +8 +B +B 

c. At EH 1.4 

15 mI. A +M +8 +8 +8 +B +B +8 +B +B 
Clinbr1 t1 c B +M +8 +8 +8 +B +B +8 +B +B 
Bottle C +M +8 +8 +8 +B +B +8 +B +B 
15 mI. A +M +8 +8 +8 +B +B +8 +B +B 
Eye Drop B +M +8 +8 +8 +B +B +8 +B +B 
Bottle C +M +8 +8 +8 +B +B +8 +B +B 



TABLE 20. Unbuffered solutions. After s.te8llling for ~thi rty minuteJl .• 

a~ At ];!H 3·5 

Containers Control Control Test solutions 0'5% chlorbutol. No process. 
Tech- No Time after inoculation Time after inoculation. 
n1gue chlorbutol 30m . 60m , 90m. 24hr, 48hr , 90m , 24hr, 48hr . 

15 ml. A +8 +8 +8 +8 +8 +B +8 +B +B 
Clinbritic B +8 +8 +8 +8 +B +8 +B +B 
Bottle C +8 +8 +8 +8 +8 +B +8 +B 
J.5 ml. A +8 +8 +8 +8 +B +B +8 +B +B 
Eye Drop B +8 +8 +8 +8 +B +B +8 +B +B 
Bottle C +8 +8 +8 +8 +B +B +8 +B +B 

b. At ];!H 5'6 - ---- --.. - .---- --~ - - --

15 ml. : A +M +M +8 +8 +8 +8 +8 . +B +B 
C11nbr1tic B +M +8 +8 +8 +8 +8 +8 +B +B 
Bottle C +M +8 +8 +8 +8 +8 +8 +B +B 
15 m1. A +M +8 +8 +8 +8 +8 +8 +B +B 
Ey e Drop B +M +M +8 +8 +8 +8 +8 +B +B I 

Bottle C +M +8 +8 +8 +8 +8 +8 +B +B .... 
0 
en 

C , At ];!H 7·4 I 

15 ml. A +M -1M +8 +8 +8 +8 +8 +B +B 
C1inbrit1c B +M +M +S +8 +8 +8 +8 +B +B 
BottJ,e C +M +M +8 +S +8 +8 +S +B +B 
15 m1. A +M +M +8 +8 +8 ·+8 +8 +B +B 
Eye Drop B +M +M +8 +8 +8 +8 +8 +B +B 
~ottJ.e C -1M +M +S +8 +8 +8 +8 +B +B 

.. 

" 



TABLE 21, Unbuffered solutions. After steaming for forty-five minutes. 

a, At J2H, 3·5 

Containers Control Control Test solutions 0'5% chlorbutol. No heating. 
Tech- No Times after inoculation Times after inoculati9n. 
nigue chlorbutol 30m. 60m, 90l!!, 24hr, 4Bhr, gOm , il4hr • 4Bhr. 

15 ml. A +8 +8 +8 +8 +B +B +8 +B +B 
Clinbritic B +8 +8 +8 +8 +B +B +8 +B +B 
Bottle C +8 +8 +8 +8 +B +B +8 
15 ml. A +8 +8 +8 +8 +B +B +8 +B +B 
Eye drop B +8 +8 +8 +8 +B +B +8 
Bottle C +8 +8 +8 +8 +B +B +8 +B +B 

b. At J2H 5'6 

15 ml. A +M +M +M -tM +8 +8 +8 +B +B 
Clinbritic B +M +M +M +8 +8 +8 +8 +B +B 
Bottle C -tM +M +M +8 +8 +8 +8 +B +B 
15 ml. A +M +M +M +8 +8 +8 +8 +B +B 
Ey e Drop B +M ·IM +M +8 +8 +8 +8 -tB +B 
Bottle C +M +M +M +8 +8 +8 +8 +B +B I .... 
c. At I!H 7·4 0 

(J) 

A +M +M +M +S +S +S +S +B +B 
I 

15 ml. 
Clinbritic B +M +M -tM +S +S +S +8 +B +B 
Bottle C +M -tM +M +S +S +s +8 +B +B 
15 ml. A +M +M +M +S +S +S +S +B +B 
Eye Drop B +M +M +M +s +s +S +8 +B +B 
Bottle C +M +M -tM +S +S +8 +8 +B +B 

r 



TABLE 22. 

Buffered solutions. After steaming for fifteen minutes, 

a. At pH 3'5. 

Containers Control Control Test solutions 0·5% chlorbutol. No heating. 
Tech- No Times after inoculation Times after inoculation. 
nigue chlorbutol 30m, 60m. eOI!!. 24hr, 48hr, 9Qm. 24hr, 48hr. 

15ml, A +8 +S +8 +8 +B +B +8 +B +B 
Clinbritic B +8 +8 +8 +8 +B +B +8 +B +B 
Bottle C + 8 +8 +8 +8 +B +B +8 +B +B 
15 mI. A +8 +8 +8 +8 +B +B +8 +B 
Eye Drop B +8 +8 +8 +8 +B +B ' +8 , +B +B 
Bottle C +8 +8 +8 +8 +B +B +8 +B +B 

b, At llH 5'6 

15 mI. A +M +8 +8 +8 +B +B +8 +B +B 
C11nbritic B +M +S +8 +8 +B +B +8 +B +B 
Bottle C +M +S +8 +S +B +B +8 +B +B 
15 ml, A +M +8 +8 +8 +B +B +8 +B +B 
Ey e Drop B +M +8 +8 +8 +B +B +8 +B +B 
Bottle C +M +8 +S +8 +B +B +8 +B +B 

c., At. pH ,7'4 . 

15 mI. A +M +M +8 +8 +8 +B +8 +B +B 
Clinbritic B +M +M +M +8 +8 +8 +8 +B +B 
Bottle C +M +8 +8 +8 +8 +8 +8 +B +B 
15 mI. A +M +8 , - +s' +8 +8 +8 +8 +B '+B 
Eye Drop B +M +M +8 +8 +8 +B +8 +B +B 
Bottle C +M +8 +8 +8 +8 +8 +8 +B +B 

J 
I-' 
0 ..., 
I 



TABLE 23 Buffered solutions. After steaming for thirty minutes. 

a, At llH 3 -5 

Containers Control Control Test solutions O· 5% chlorbutol. No heating. 
Tech- No Tim es after inoculation Times after inoculation. 
nigue chlorbutol 30m. 60m . gam. 24hr . 48hr. gam, 24hr, 48hr. 

15 ml. A +8 +8 +8 +8 +8 +B +8 +B +B 
Clinbritic B +8 +8 +8 +8 +B +8 +B +B 
Bottle C +8 +S +8 +B +B '-i-B +8 
15 ml. A +8 +8 +8 +8 +B +B +8 
Eye Drop B +8 +8 +8 +8 +B +B +8 +B +B 
Bottle C +8 +8 +8 +8 +B +B +8 +B 

b. !'::.t llH 5· 6 ._------~---- ----

15 ml. A +M +M +8 +8 +8 +8 +8 +B +B 
Clinbritic B +M +M +8 +8 +8 +8 +8 +B +B 
Bottle C +M +M +8 +S +8 +8 +8 +B +B 
15 mI. A +M -tM +8 +8 +8 +8 +8 +B +B 
Eye Drop B +M +M +8 +8 +8 +8 +8 +B +B I .... 
Bott;Le C +M +M +8 +8 +8 +8 +8 +B +B 0 

00 

At llH 7·4 
I 

c. 

15 mI. A +M +M -tM +8 +8 +8 +8 +B +B 
Clinbrit ic B +M +M -tM +8 +8 +8 +8 +B +B 
Bottle C +M +M -tM +8 +8 +8 +8 +B +B 
15 mI. A +M -tM +M +8 +8 +8 +8 +B +B 
Ey e Drop B +M +M +M +8 +8 +8 +8 +B +B 
Bottle C +M +M -tM +8 +8 +8 +8 +B +B 

--l 



TABLE 24. Buffered solutions. After steaming for fortx-five minutes. 

a, At J1H 3·5 

Containers Control Control Test solutions 0'5% chlorbutol. No heating. 
Tech- No ,Times aft er inoculation Times after inoculation. 
nigue chlorbutol 30m , 80m, 90m, 24hr, 4Bhr , 90m , 24hr, 4Bhr , 

15 mI. A +8 +8 +8 +8 +B +B +8 +B +B 
Clinbritic B +8 +8 +8 +8 +B +B +8 +B +B 
Bottle C +8 +8 +8 +8 +B +B +8 +B +B 
15 mI. A +S +8 +8 +8 +B +B +8 
Eye Drop B +8 +8 +8 +8 +B +B +8 +B +B 
Bottle C +8 +8 +8 +8 +B +B +8 +B +B 

b . At J1H 5·6 

15 mI. A +M +M +M +8 +8 +8 +8 +B +B 
Clinbritic }:l +M +M +M +8 +8 +8 +8 +B +B 
Bottle C +M +M +M +8 +8 +8 +8 +B +B 
15 mI. A +M +M +M +8 +8 +8 +8 
Eye Drop B +M -tM +M +8 +8 +8 +8 +B +B I 

Bott le C +M +M +M +S +8 +8 +8 +B +B I-' 
0 
co 

c, At J1H 7·4 I 

15 mI. A +M +M +M +M +8 +8 +8 +B +B 
Clinbrit ic B +M +M +M +M +M +8 +8 +B +B 
Bottle C +M +M +M +lY! +8 +8 +8 +B +B 
15 ml A +M +M +M +8 +8 +8 +8 +B +B 
Eye Drop B +M +M +M +M +8 +8 +8 +B +B 
Bottle C +M +M +M +M +8 +8 +8 +B +B 

, 
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A.l.5. Results of spectrophotometric assays for residual chlorbutol 

aftar autocla ving O· 5% solutions in SILICONE-COATED 

CONTAINERS at 1220 for varying periods. 

TABLE 25. 

Percentage degradation values of chlorbutol solutions of 

pH 7.4. 

- Experimental data for GRAPHS 25 and 26. 

State of Container Times of autoelav:i.ng. Graph 
Solution om! 15m. 30m. 45m. 60m. Number. 

Unbuffered CBB 0 ' 0 1'2 3 ,0 4'2 5'6 25 
EDB 0.2 1'6 2'6 4·0 5'2 

BU:ffered CBB 0·2 l'S 3.2 4'8 6·2 26 
EDB 0·2 1"6 3·2 4·6 6·2 



A,l.6, Results of bacteriologicrutests for self-sterilising properties of 0'5% chlorbutol 

solutions, of pH 7'4, in coated and uncoated containers, after autoclaving at 
o 122 for varying periods, 

o TABLE 26. After autoclaving at 122 for fifteen ffiinutes. 
a. Unc 0 at ed con t ai ner s. Unbuf f ered sol uti;"o~n",s",.,-___________________________ _ 

Containers Control Control T~st solutions 0'5% chlorbutcl. No process, 
Tech- No Time after inocul-ation Time after inoculation. 
nigue. chlorbutol 30m .• 80m, 90m. 24hr. 48hr. gOm. 24hr. 48hr. 

A +M +M +8 +8 +8 +B +8 +B 15 ml. 
Clinbritic 
Bottle 

B +M -tM +8 +8 +8 +B +8 +B +B 
C +M +M +M +8 +8 +B +8 +B +B 

15 ml, 
Eye Drop 
Bottle 

A -tM +M +8 +8 +8 +B +8 +B +B 
B -tM +M +8 +8 +8 +B +8 +B 
C +M +M +8 +8 +8 +B +8 +B +B 

b. Uncoate.d. c9.ntainers, ' Buffered s olutions. 

15 mI. A +M +M +M +8 +8 +8 +8 +B 
Clinbritic B +M +M +8 +8 +8 +8 +8 +B 
Bottle C+M +M +M +8 +8 +8 +B +B 

+B 
+B 

15 mI . A +M +M +M +8 +8 +B +8 +B +B 
Eys Drop B -tM -tM +M +8 +8 +8 +8 +B +B 
Bottle C +M ±M +M +8 +8 +8 +8 +B +B 

TABLE 27 .• a, Coated containers, Unbuff ered solutions. 

15 ml. A 
Clinbritic B 
Bottle C 
15 ml, A 
Eye Drop B 
Bottle C 

+M 
+M 
-tM 
+M 
-tM 
+M 

+8 
+8 
+8 
+8 
+8 
+8 

+8 
+8 
+8 
+8 
+8 
+8 

b. Coated .con.tainers... BUffer.ed . . s.o.;I,.uj;.1.on_s .• 

+8 
+8 
+8 
+8 
+8 
+8 

15 ml A +M +8 +8 +8 
Clinbritic B -tM +8 +8 +8 
Bottle C +M +8 +8 +8 
15ml. A +M +8 +8 +8 
Eye Drop B ·IlVl +8 +8 +S 
Bottle C +M +8 +8 +8 

+B 
+B 
+B 
+B 
+B 
+B 

+B 
+B 
+B 
+B 
+B 
+B 

+B 
+B 
+B 
+B 
+B 
+B 

+B 
+B 
+B 
+B 
+B 
+13 

+8 
+8 
+8 
+8 
+8 
+8 

+8 
+8 
+8 
+8 
+8 
+8 

+B 
+B 
+B 
+B 
+B 
+B 

+B 
+B 
+B 
+B 
+B 
+B 

+B 
+B 
+B 
+B 
+B 
+B 

+B 
+B 
+B 

+B 
+B 

I 
I-' 
I-' ,. 
I 



TABLE 28. o After autoclaving at 122 for thirty minutes. 
a. Uncoated containers. Unbuffered solution~",.,-________ __________________ _ 

Containers Control Control Test . so;L ut. i ons 0 0'5% chlorbutol. No process • 
Tech- No Tim e a ft e r inoculation Time after inoculation. 
nigue chlorbutol 30l!l...., 60m. 90m. 24hr, 48hr a 90m, 24hr, 48hr. 

15 mI. A +M +M +M +M +S +S +S +B +B 
Clinbritic B +M +M ;-S +s +S +S +S +B +B 
Bottle C ;:: +M -1M +M +M +S +S +S +B +B 
15 mI. A +M +M +M ;-M +s +S ;-S +B +B 
Eye Drop B +M +M +M +M +S +S +s +B +B 
Bottle C +M +M -!M +8 +s +s +s +B +B 

B. Uncoated containers . BuffereLsol utions .• , 

15 mI. A +M +M +M ;-M +s +S +s +B +B 
Clinbritic B +M +M +M +M +S +S +S +B +B 
Bottl e C +M +M +M +M +S +S +S +B +B 
15 mI. A +M +M +M -1M +S +S +S +B +B 
Eye Dr op B -1M +M +M +M +S +S +s +B 
~ot tle C +M -1M +M -1M +s +S +S +B +B I 

f-' 

TAB!;E 29 , a, Coated containers , Unbuff ereJL_solutions . f-' .., 
15 mI . A +M +M +S +s +B +B +s +B +B I 

Cliilbriti c B +M -1M +s +s +B +B +S +B +B 
Bottle C +M -1M +S +§ +B +B +S +B +B 
15 mI. A +M +M +S +s +B +B +S +B +B 
Eye Drop B +M +M +s +s +B +B +s +B +B 
Bottle C +M +M +S +S +B +B +S +B +B 

b _ .Co.ated c.ont,ainers. Buffere,d, ,s ol,ut,ion_Il. _~ ~~~~~ ~ __ ~~~~ _ _ _ 
15 mI. A +M +M +S +S +B +B +S +B +B 
Clinbritic B +M +M +S +S +B +B +S +B +B 
BotHe"" " _C, +M. ___ +.M._ ~+.s~~ +S +B +B +S +B +B 
15 mI. A +M -1M +S +S +B +B +S +B 
Eye Drop B -1M +M -1M +S +B +B +S +B +B 
Bottle C +M +M +S +S +B +B +S +B +B 



TABLE 30 . Aft er autoclaving oat 122 0 for fort~-five minutes. 

a, Uncoated containers, Unbuffered 801utions. 

Containers Control Control Test solutions. 0 '5% chlorbutol, No process , 
Tech- No Time after inoculation Time after inoculation. 
nigue ch;!,orbutol 30m, 60m, gom, 24hr, 48hr, gOm, g4hr, 48hr. 

15 ml. A -1M +M +M +M +8 +8 +8 +B +B 
Clinbritic B +M +M +M +M +8 +8 +8 +B +B 
Bo:t :t°le C - :±M +M +M -1M +8 +8 +8 +B +B 
15 mI. A -1M +M +M ·~M +8 +8 +8 +B +B 
Eye Drop B -1M -1M +M +8 +8 +8 +8 +B +B 
Bottle C +M +M +M +M +8 +8 +8 +B +B 

b , Uncoat e d c ontainers, Buffere d s olutions, 

15 ml. A +M +M +M +M +8 +8 +8 +B +B 
Clinbritic B +M +M +M +M +8 +8 +8 +B +B 
Bottle C +M +M +M -1M +8 +8 +8 +B +B 
15 mI. A +M +M +M +M +M +8 +8 +B +B 
Ey e Drop B +M +M +M +M +8 +8 +8 +B 
Bottle C +M +M +M +M +S +8 +8 +B +B I ,.... 
TABLE n. il.. Coated containers . UnbUffered soolut ions. ,.... 

to 
15 ml, A +M -1M -1M +8 +8 +8 +8 +B +B I 

Clinbritic B +M +M +iVl +8 +8 +8 +8 +B +B 
Bott;!,e C +M +M +M +S +8 +8 +8 +B 
15 ml, A +M +M +M +8 +8 +8 +8 +B +B 
Eye Drop B -1M +M +M +8 +8 +8 +8 +B +B 
Bott;!,e C +M -1M +M +8 +8 +8 +8 +B +B 

b. Coated containers , Buffered solutions~ 
-~-- '---~~~~ -'~~ 

15 ml, A +M +M +M +8 +8 +8 +8 +B +B 
Clinbrltic B +M +M +M -1M +8 +8 +8 +B +B 
Bottle C +M -1M +M +8 +8 +8 +8 +B +B 
15 ml, A +M +M +M +M +8 +8 +8 +B +B 
Eye Dr op B -1M -1M +M +8 +8 +8 +8 +B +B 
Bottle C -1M -1M +M +8 +8 +8 +8 +B +B 



TABLE 32, After autoclaving: at 122
0 

for sixt~ minutes, 

a, Uncoated containers, Unbuffered solutions, 

Containers Control Control Test solutions, 0'5% chlorbutol, No process, 
Tech- No Time after inoculation Time after inoculation 
nigue chlorbutol 30m. 6Qm. !'lom. 24hr. 48hr. 90m, 24hr, 48hr. 

15 mI. A +M +M +M +M +8 +8 +8 +B +B 
Clinbrt ic B +M +M +M +M +8 +8 +8 +B +B 
Bottle C +M +M +M +M +8 +8 +8 +B +B 
15 mI. A +M +M +M +M +8 +8 +8 +B +B 
Eye Drop B +M +M +M +8 +8 +8 +8 +B +B 
BottJ,e C +M ·'M +M +M +8 +8 +8 +B +B 

b, UncQated containers, Buffered solutions, 
15 mI. A +M +M +M +M +8 +8 +8 +B +B 
Clinbritic B +M +M +M +M +8 +8 +8 +B +B 
Bottle C +M +M +M +M +8 +8 +8 +B +B 
15 mI. A +M +M +M +M +8 +8 +8 +B +B 
Eye Drop B +M +M +M +M +8 +8 +8 +B +B 
Bottle C +M +M +M +M +8 +8 +8 +B +B I 

TABLE 33. a, Coated containers, Unbuffer e d solutions, ... 
I-' 

15 mI. A +M +M +M +M +8 +8 +8 +B +B ,j>. 

I 
Clinbritic B +M +M -+M +8 +8 +8 +8 +B +B 
;§ottles C +M +M +M +M +8 +8 +8 +B +B 
15 mI. A +M +M +M +8 +8 +8 +8 +B 
Eye Drop B +M +M +M +M +8 +8 +8 +B +B 
Bottle C +M +M +M +M +8 +8 +8 +B +B 

b a CQated ·containers. BUffered solutions, 
.~~~~~~~~ 

15 mI. A +M +M +M +8 +8 +8 +8 +B +B 
Clinbritic B +M +M +M +8 +8 +8 +8 +B +B 
Bot tle C +M +M +M -tM +8 +8 +8 +B +B 
15 ml, A +M +M +M +M +8 +8 +B +B 
Eye Drop B +M +M +M +M +8 +8 +8 +B +B 

. Bottle C +M +M +M +8 +8 +8 +8 +B +B 



A.I . 7. Result ' o f' ""olubilit .... d~t l·mi ll ".ti o ns . 

TABLE 34. 1% c hlorbutol in .f' ll: ,n.oll e ", olution.,;. 

Percentage 
Tim "" 0:.1. "haklng i.n mi.r..utes. c on centration 

of ethano l 10 20 ,; 0 40 50 60 

A. 30 % + + + + + 

B. 35% + + " ·f 

C. 4 0 % + 

D. 45% -I-

+ = un di s s olved c hl o rbut o l pr pw. nt lL th- f lask. 

- no chlorbu tol vi ~ lbl R in th ~ f ~~Bk l. a. th~ chl o rbutol 

ente r ed ~olution~ 



A.l.B. Result s of bacteriological tests for self-sterilising properties of 0.5%, 

0'6% and 0'7% chlorbutol solutions, of pH 7',1. in 4% ethanol. in coated 

containers, after antoclaving at 1220 for varying periods, 

TABLE 35, After autoclaving at 122
0 for fifteen minutes, 

a, 0' 5% chlorbutol in 4% ethanol. 

Containers Control Control Test solutions 0,5% chlorbutol. No process, 
Tech- No Time after inoculation, Time after inoculation, 

, ,~" .. __ ~_, ni que" _ , _chlor,b.uJ9~L~0m"., ,6VJIl.9,Om,.24hr ,4Bhr, gam. 24hr. 4Bhr, 

15 mI. A -1M +8 +8 +8 +8 +B +8 +B +B 
CBB B +M +M +8 +8 +B +B +8 +B +B 

15 mI. 
EDB 

C +M +8 +8 +8 +B +B +8 +B +B 
A +M +M +8 +8 +B +B +8 +B +B 
B -1M +M +8 +8 +B +B +8 +B +B 
C +M +8 +8 +8 +B +B +8 +B +B 

b. 0,6% chlorbutol in 4% ethanol Control g'6% chl orbutol 

15 ml, A +M +M 
CBB B +M +8 

C +M +8 
15 mI. A +M +8 
EDB B +M +8 

C +M +8 

c. 0'7% chlorbutol in 4% ethanol 

15 mI. A +M +8 
CBB B +M +8 

C -1M +8 
15 m1, A -1M +8 
EDB B +M +8 

C +M +8 

+8 +8 +B 
+8 +8 +B 
+8 +8 +B 
+8 +8 +B 
+8 +8 +B 
+8 +8 +B 

~. --- - ---- --

+8 +B +B 
+B +B +B 
+8 +8 +B 
+B +B +B 
+8 +B +B 
+8 +B +B 

+B +8 +B +B 
+B +8 +B +B 
+B +8 +B +B 
+B +8 +B +B 
+B +8 +B +B 
+B +8 +B +B 

Control 0'7% chlorbutol 

+B 
+B 

+B 
+B 
+B 
+B 
+B 

+B +B 

+B 
+B 
+B 
+B 

+B 

I .... 
\-' 
0'> 
I 



TABLE 36. Aft e r autoclaving at ~l 22° for thirty m·l n ut .. a • • 

a. 0.5% chlo rbutol i n 4% e thano l ___ ___ .. ~._ .. _____ ._._~ _____ .. _. ___________ _ 

Con·tainer" 

15 ml;> 
CBB 

A 
B 

Control Control T (~ t 301ution ~ O ~5% 
Tech- No T1lli ' bitsr inoculation. Tim .. 
n i que chl o rb ut Q..:L '.'!)!t' ..• _.2.9"" ... .. f!.Ql!l .• ...J'4:':>L . . _~",2:. •. _~Q.'! ..... 

chlo~butol. No p,oc ~~ o. 

after inoculati o n. 
24hr. 48 11 1' , ___ ._ •. __ 

+M 'i?,l ·, 8 ·' S +B +8 +8 -+B +B 
·tM ·;M .;.)1[ +8 ·, B +B'8 +B 

__ . ___ • C .:..... ___ +"'M:,--_ .eM ~S .cS +8 ·,B " -8 +B +B 
+M _ .. ~iji · .. ·IS"-- '-:;'8 ·· .. ·"7Il .. - . ~t:El" ''''':t s' ' -----:]3'--"''+B-----'---1.~ mI. A 

EDB 

!?.. 0 • 6% 
15 ml . 
CBB 

B 
C 

-tM ":.1 'T S ·; S .C 8 +B +8 +B +B 
::!L __ .... _+'J, _ .... -:-.S . ..... .:!,$_",: B~ .•. :JL ., .. :.&. "'B ....::-.JL~_ .. __ .. 

cblc'!b'u tol in ,4-10 l-,thano1 CO Y. t"rel O·b ~1" cblOJuuto l A "M-' ---.. ;~ ;-- -·~·S"""-·,s·- --:;"8·- ···'-··:B·· - "·::.~r -- +B . +13----_·-- ----
B +M 'r +8 +8 ·i B 'TB ·,S +B +B 
C +M ·:;1 'is .cS ,' S iB +S +B +8 

l'i mI. A +M .;:,~"- ":':S---- ··~'S"-~" "--:'B' -'-- '~:S ---+B'------::"8- - .. - ...... ----. 
EDB ~ +M ::.l ·is +S ··S +B .;-8 +B +B 
___ . _____ ,S __ _ 1M ._ .,,:c~I, __ .,:.'.S __ .. -i.::L .. :'ll_, ___ .::-13. _ ... _~,'i._._ ·'B _ . .±.!L_ . .... _ .. _ .. __ 

.S.4-.----fJ..:.,;7% ,fll ,2,~~utol :i Il ,(=t% e~J2.2:~ • . ~ ._ ~ ___ , _._~ .... __ ,-,~ __ ... . _ ..... _____ C~.'r.l!! rol 0 0 7(1', cbl,QLQ~t Q'!- , __ _ 
15 mI. 
CBB 

15 mI. 
EDB 

A 
B 
C 
A 
B 
C 

+M 
+M 
+M 
+M 
+M 
+M 

., ,,1 ·,·S 
~S .;-8 
-'M -'- S .- ....... --. 
~·S .:.B 
··S +B 
+J,L ...... ±1L 

+B +B ·,·B +B +B +B 
+B ·tB +8 ·,8 
+B -' B +B +B ... R 

+B'--:~r-·-:-I-B· 'IB 
---'=------------.---

+B +B +B +B +B +B 
·tB +B +B ___ +Ji. 

, ... ..., 



TABLE 37, After autoclaving at 122 0 for forty-five minutes, 

a, 0'5% chlorbutol in 4% ethanol, 

Containers Control Control Test solutions 0'5% chlorbutol. No process, 
Tech- No Time a fter inoculation. Time after inoculation. 
nig".19 chlorbutol ~0Jl) .• 60"'- • ClOlll, 24:1:r, 48hr. 90m, 24hr, 48hr. 

15 1!i.l. A +M +M +M +8 +8 +8 +8 +B +B 
CBB B ;.-M +M +M +M +8 +8 +8 +B +B 

C +M +M +M +S +8 +8 +8 +B +B 
15 JIll. A -1M +1\1 +M +M +8 +8 +8 +B +B 
EDB B +M +M +M +8 +8 +8 +8 +B +B 

C +M +M ~M e.g +8 78 +8 +B +B 

b. O·6~~ chlorbutol in 4% ethanel Control 0'6% chlorbutol 

15 mJ.. A +M +M +8 +8 +8 +8 +8 +B +B 
CBB B +M +M +8 +8 +8 +8 +8 +B +B 

C +M +tl +8 +8 +8 +8 +8 +B +B i 
15 mI. A +M +M +8 +S +8 +8 +8 +B +B .... 

1-' 
EDB B +M +M +8 +8 +8 +S +8 +B '" C +1\1 +M +8 +8 .;.S +8 +8 +B +B ! 

c . 0'7% chlo::-butol in 4% ethanol Control 0 '7% chlorbutol 

1 5 1r~1. A +M -1M +8 +B +B +B +B +B +B 
CBB B +M +M +8 +B +B +B +B +B 

C +M +M +8 +B +B +B +B +B 
15 ml. A +M +M +8 +B +B +B +B 
EDB B +M +M +8 +B +B +B +B +B 

C +M +M +8 +B +B +B +B +B 



A,L.S, Results of bacteriological tests for self-sterilising properties of 0'7% 

chlorbutol solutions. of pH 5'6 and 3'5 respectively. in 4% ethanol, in 

coated containers, after autoclaving at 1220 for varying periods, 

TABLE 38, After autoclaving at 1220 for fifteen minutes , 

a • . At. pH 5·6 

Container" 

15 ml. 
CBB 

15 ml. 
EDB 

ll .. At 
15 ml, 
CBB 

15 ml . 
EDB 

pH 3'5 

Control Control Test sol~tions 0'7% chlorbutoL. No procea z . 
Tech- No Time after inocul ation. Time after inoculation. 
nlcus chlorbutol_. ;' Olll. 60:n • . 9.01ll. 24h!",48hr. SOm. 24hr, 4Bhr. 

A +M +8 +B +B +B +B +B 
B +M +8 +B +B +B 
C +M +8 +B +B +B 
A +M +B +B +B +B +B 
B +M +B +B +B +B 
C +M +8 +B +B +B +B 

A +S +B +B +B +B +B 
B +8 +B +B +8 
C +M +B +B +B +B 
A +8 +B +B +B 
B +8 +B +B +B +B 
C +M +B +B 

TABLE 
1 5 ml, 
CBB 

8 9 . a. At pH 5 '6 . Af ter· a~toclaving at 1220 for thirty minutes. 

15 ml, 
EDB 

b, At pH 3'5 
15 ml, 
CBB 

15 ml, 
EDB 

A +M 
B +M 
C +M 
A +M 
B +M 
C +M 

A +8 
B +8 
C +M 
A +M 
B +8 
C +8 

+8 +B +B +B +B +B +B 
+8 +8 +B +B +B +B 
+B +B +B +B +B +B 
+8 +B +B +B +B +B +B ... 
+8 +B +B +B 
+8 +8 +B +B +B +B 

.- - -------- -

+B +B +B +B +B 
+B +B +B +B 
+B +B +B +B 
+B +B +B +B 
+B +B +B +B 
+B +B +B +B 

I .... . 
.... 
'" II' 



TABLE 40 
o Af t e r autocl a.v·lng at 122 fux' fO l' t y- f i v a mi nut e .. . 

a, At pH 5 '6 

Co n t aine,,>! Control Co n.tro l T,,> t Aolut1on ,~ 0'7% chl orbut ol , No p ro cas ~ • 
Tech- No Tim? ai.t ~ r ino c.ulat!. on T1mq after inoculati on , 
nigu .. chlor'Jutol :~~ 8 6l)~, oOll! , 2 4 1'.!.L.-_j~~1L.!:... 90m, 24h r . 4 811-.1" • 

15 IIll , A +M +M +S +B +B +B ·+B +B 
CBB B +M +'>'1 +S +B +B +8 +B 

C +M ··S -I B +B, +ll __ ,+B_ +B -'-B 
15 ml o A -1M ·!-S -:-8 +B +B -iB +B +B 
EDB B +M +S +B +B · B +B +B 

C +M +M +S. ..:. B 'lB +B 

£...-. At IlH 3 ' 6 -----
15 mI , A +S -1 8 +B +B +B +B +B 
CBB B +S +B +8 +B +B 

C +M +B +B +B +l:t 
1 3 nil . A +S -'B +8 +B +B +B i 
EDB B -,M +B +B +B -t B I-' 

M 
C +3 +B +8 +B +B 0 

t. 



A.I.IO Results of bacteriological tests for self-starili~ing properties of 0'7% 

chlorbutol solutions, of pH 7'4, 5'6 and 3'5 re.pectivaly, in 4% 

ethanol, after f iltration s terili&ation. 

TABLE 41. 

a. At pH 7' 4 

Container Control Control Test f.!olu.tione: 0'7% chlorbutol . No p r oces g . 
Tech- No Tim s after i noculat io n Time after ino culation. 
nlgue chlorbutol .} Om* 80m, HOm. 24hr. 481:1~!)Om. 24hr. 48hr. 

15 mI . A +M +8 -1-B +B -fB +B +B +B 
CBB B +M +8 -"B +B +B +B +B 

£. +M +8 ~L_+B -'-B +B +B -1 5 ml. A +M +8 +B +B +B +B 
EDB B +M +8 +B +B +B +B +B 

e +M ~.+.f3_ +B +B +B +B 

b. At pH 5' 6 

1 5 ml , A +M +8 +B +B +B -"B +B 
eBB B -1M +8 -"B +B +B +B +B 

C +M -LB -:-13 +JL +B --15 rel, A +M +B +B +B -"B 
EDB B -1M +B +B +B +B -'-B +B 

C +M +8 +B +B +B -'-
C a At llH :3 ' 5 

15 ml, A +8 +B +B +B +B 
eBB B +8 +B +B +B +B 

e +M +B_ill- +B +B 
15 ml. A +8 +B +B +B +B 
EDB B +M +B +B +B +B 

e +8 +B +B +B +B 

I ... 
~, ... 
J 



-12 2-

A.I. ll . RMBLts of sp ectrophotom .. ,tri e ae saLs for residual chlorbutol 

!l:,ti.tt.Jiltratl.on st!>rilio",tion o f 0'7% chlorbutol soluti ons 

~t pH 7", 5 '6 a nd 3 · 5 resp e ctlve\L. 

TABLE 

a , At pH '7·4 

Contain"rs Res i dual. chlorbutol Residual. chlorbutol 
(u!!.Ul terl!!d) (fil tered) 

15 mI. A 0,69 8 0'694 
CBB B 0-698 Mean '" 0-698 0'6 92 

C 0-698 0-696 
15 ml . A O· 6 9 8 0'696 
EDB B O· 698 Mban '" 0-698 0-694 

C 0'69b 0-692 

b, At t ·R 5 ·6 
15 mI. A 0·69 8 0' 1l 94 
CBB B 0 ·69 8 M .. ",n - 0-698 0'698 

C 0 ·6~ 0-E!96 
l.5 :0.1 0 A 0 ·700 0 ' 96 
EDB B 0 ' 70 ;.< M~:.l1 -' 0 ° 70 0 0-6 9 8 

.£..........Q.:J!.?.!L . . _____ Q·6 9 8 

£........At pH :.:.:,.,5'-:-__ _ 
15 ~l. A 0'700 o -ae8 
CBB B -70 2 M., a., := 0. 7 01 O' 69 6 
____ ""C_. 0 - 7Q.Q. ________ _ 

15ml . A 0 ' 700 
.---1L:.9~ 

0·700 
EDB B () -70 ;;' M .. r..n '" O· '100 0'696 
_________ ~C~. __ ~~8 ______ . ______ __ O' 70L 

d • Cal. " ul at j, 0 P---. 

Original conc.ntra t ion cf chl o rbutol - 0'700% 

Maximum reducti or- aft r f il trat i on '" 0·00 4% 

Therefore p e rc &ntag e r~ duc t i o n due t o filtrati on 

Mean 

Mean 

M .. an 

Mean 

Me an 

M.,an 

.. a • o a..! x 1 00 
0 0 70 0 

'" 0'5 715 % 

'" 

= 

'" 

'" 

= 

'" 

0.694 

0'694 

0-696 

0-697 

0·697 

O· 699 

._._-' 



TABLE 43 . 

-1 22 -

Res ul ts of ph"nyl isocyar'.ide test for t he 

determination of chloroform. 

St a ndard So l utions = SS 

a . 0-0 25% c h loroform in 4% ethan ol 

b. 0-7% chlorobutanol in 4% ethanol 

Test Soluti ons = TS i ,- viii as specified in Diagram 4. 

TDS i-viii. 

Solutions A B C 

SS a +ve + .... ~ e +ve 

SS b ·-va -Ve -ve 

TS i -ve - v a - v a 

TS ii -\"e -va -va 

TS iii +Vb +ve +v e 

TS iv +ve +V l: +ve 

TS v -va -va -V'" 
TS vi -ve - ve -ve 

TS vii +. +vb +ve 

TS viii +v" +ve +ve ---



TABLE 44.pH values of 0'7% chlorobu tol in 4% ethanol solutions 

before ~ a.fter autoclaving a t 122
0 

f,?r 45 minutel'/, . 

Test Solutions = TS i -vii i a s "'p ec i f ied in I)i agram 4. 

TDS J - viii , 

Solution BUffered Unbuffered .. 
pH befor'" pH after pH before pH after, 

TS i 7,43 UP 7,45 UP 

TS 11 5'62 UP 5'65 UP 

TS iii 7'44 6'7 3 7·46 3'12 

TS iv 5·6 3 5,15 5'64 ·3 ·'03 

TS v 7'40 UP 7'41 UP 

TS vi 5 ' 61 UP 5· 60 UP 

TS vii 7'40 6' 3 8 7'40 2'81 

TS viii 5'60 4·95 5'60 2'52 

UP = unprocessed solutions , 

The pH va1 u e.s given in the table are the mean 

of three determinat i or..s, 
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A.2. GRAPHS. 

GRAPH 1. Absorbance spectrum of the ferric-hydroxamic 

derivative of chlorbutol. 
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GRAPH 2. Ab.sorbance/conc e ntration plot of the ferric-hydroxamic 

d.erivatlve of chlorb~. 
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GRAPH 3 Absorbance/time plot of the fe rric-hydr oxamic 

derivative of chlorbutol. 
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GgAPg 4. Trial assay of test solutions of chlorbutol_ 
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GRAPH 5, Investigation of possible interference by a-hydroxy­

isobutyric acid in absorbance spectrum of ferric-hydroxamic 

complea of chlorbutol, 
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GRAPH 6_ Graphical method for the determination of r..esiti1l.alchlorbu­

tol in solution by utilising a calibration curve (See TABLE 10). 

After steaming 0-5% solutions of chlorbutol, of pH 3-5, in 15 mI. 

eye -drop bottles for varying periods_ 
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GRAPH 7. Unbuffered solution pH 3· 5 
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GRAPH 8. Unbuffered solutions pH 5'6 

Percentage degradation/time of steaming plot. 
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GRAPH 9 _ Unbuffered solution pH 7-4 
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GRAPH 10. Buffered Solution pH 3·5. 

Percentage degradation/time of steaming plot. 
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GRAPH 11 . Buffe red solu t i on. pH 5·6 

Perc entage degradati on/t im e o f steaming plot. 
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GRAPH 12. '" Buffe:!"ed solution,pH 7·4 

Percentage degradation/time of steaming plot. 
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GRAPH 13. Unbuffered s olu.tion. pH 3·5 
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GRAPH 14, Unbuffered solution. pH 5~6. 

Percentage deg radation/time of autoc1aving at 11 5°. 
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GRAPH 15. Unbuffered solution. pH 7·4 

Percentage degradation/time of autoclaving at 115°. 

~ 
o .- -.... _._-- f--- - --- . . _+_ ....... -

o 15 30 

A 
/ 

.', 
\ . 

/ 

/ 

/ 
/ 

/ 

/ 
/ 

/ 

/ 

/ 
/ 

/ 
/ 

/ 

/ 
/ 

/ 

./ 

/ 

./ 

1 .. , . - --..--.--1-----. - - -+---.-........ _--. ..\ 
45 60 75 90 

AUTOCLAVING TIME (MINUTES) 



-140-

GRAPH 16. BUffered solution. pH 3·5. 
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GRAPH 17. Buffered solution. pH 5·6 
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GRAPH 18. Buffered solution. pH 7 ' 4. 

20' It 

17-

i 
I 
I , 

j 

12.J 

I 
i 

o Percentage degradation/time of autoc1aving at 115 • 

/ 
,1, 

J: ! 

/ 

/ 

/ 
/ 

;A­
I / 

J 

/ 

;:
. / 

, . / 
/ 

/ 

/ 

/ 
I 

/ 
/ 

/ 
/ 

/ 
/ 

o ----+--... -.. ....... - + .. - -.--..... -"r • - .•.. - . . -·-···· ..+-·- ·----·· .. +-.. -··-·-·--· .. t-
o 15 30 45 60 75 90 

AUTOCLAVING TIME (MINUTES). 



-143-

GRAPH 19. Unbuffered solution. pH 3 -5 
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GRAPH 20, Unbuffered solution. pH 5'6 
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GRAPH 21. Unbuffered solution. pH 7·4 
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GRAPH 22. Buffered solution, pH 3'5 
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GRAPH 23. Buffered solution , pH 5 ' 6. 
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GRAPH 24. Buffered solution. pH 7·4 
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GRAPH 25. Degradation plots in silicone-coated and uncoated 
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GRAPH 26. Deg r adation plot s in s ilicone-coated and uncoated 

cont a .1.ner s. Buf f ered solution pH 7·4. 
Uf/oated containers. 
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GRAPH 27. Investigation of possible interference by 4% ' ethanol in 

the abso r bance spectrum of the f.erric-hydroxamic 

derivative of chlorbutol. 

j 
! 
I 

I 
i 

L 500 

! 

I 
f- 600 m).L , 

·, 700 m).L 

-- -- . ------ .-. ~---------, 

",p 
-', 

I 
i 
! 
! 
I 

i , 
, 
\ 
\ , 

.~. 

ABSORBANCE SPECTRA F: 
A. STANDARD CHLORBUTO SOLUTION 

(0'5 MG./ML.) 
B. REAGENT BLANK, 
C. A + 4% ETHANOL 
D. B + 4% ETHANOL. 

\ \ 

) \ 
: .- - - ., .. -----~------___,_'- . - .... 'T- ... - _ .. ·7---·1:---.--','--'-~i.---· 
! 10 20 30 40 50 60 70 80 . 90 

PERCENTAGE TRANSMISSION. 
., 
! , 
i 



I , 

-153-

DIAGRAM 2, Thin Layer Chromatogram of 3,5-dinitrobenzoic acid 

esters of a-hydroxy isobutyric ~cid, isopropanol and chlorbutol, 

with ethanol, using the solvent system: ethyl acetate- acetone­

methanol (45 + 45 + 10), 

-r--- .----.------- .-- - ::.:----- -.-. -:;"- -00%~~lo-;;:b-~t~i - in ----' 
f-- ------ __ '--!._ .. ______ ___ \ 4% ethanol, ______ .j 

( 
\ 4% ethanol • 

. _----_ ._--_._- - _._ .. _----- - ' ----_._- - ... -.---------------
.' , 0' 0 5% a - hyd r oxyisobu­

tyric acid in ethanol 

Rf values obtained for the respective derivatives wer e : 

a, o· 7% c hlor butol. ~ := 0 , 52, 

b , 4% e t ha n ol. Rf := l' 0, 

c, 0 ' 0 5% a -hydroxyi sob u tyr l c acid, R1 = 0'35 . 

d , 0 · 0 5% is op r opanol, R.f = 0'44 , 

i 
l 
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DIAGRAM 3. Thin Layer Chromatogram of the 3,5-dinitrobenzoic acid 

esters o f a -hydroxyisobutyric acid, isopropano~,and c~lorbutol, 

with ethanol, using th e solvent system: ethyl acetate-acetone­

me thanol. (45 + 45 + 10) + 2 drops of N/50 hydrochloric acid 

per 10 mI. of solvent. 

-.... - ·-····-7- . . .------
I 0'7% chlorbutol 
'. 4% ethanol 

in ~.- ~=-=.~'--'.:~'-'-" ~-' .~-.'~"~=:=~~=' :--:.'~.~~' 
1--- - - 1-• .. - . -- ------ - ... . -_ ..•.. .. _.--.... -- .. - ... - .. - - ... ...•.. .C. 
1-._.- -- .---.-------.-. ~~---.. - .---- --- ---. ( 

4% ethanol. 

1-------1 -.- ------.- . . ----.----. -.-. - - _ .-- _ .-

'--_.--' -.- . . - -- ,--,,".--- _._---_._. 

0'05% a-hydroxyi So buty­
ric acid in ethanol(~L 
0'05% isopropanol in 
4% ethanol. 

mixt. of the standard 
__ . ____ L~.~":~.v_~.1!- v e sol uti2.n,! • . 

Rr values obtained for the respective derivatives were : 

a. 0'7% chlorbutol Rf 0·63. 

b. 4% e thanol Rf = 1·0 

c. 0°05% a-hydro xyisobutyric acid Rl' = 0·37 

d. O' 0 5% isopropanol ~= O' 51 

Effective separation of the derivatives was obtained with 

thi s so lven t system. 
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DIAGRAM 4. Thin Layer Chromatogram of test derivative solutions, 

for the determination of a-hydroxyisobutyric acid and isopropanol, 

using the s olvent system : ethyl acetate-acetone-methanol. 

(45 + 45 + 10) plus 2 drops of N/50 hydrochloric acid per 10 mI. 

of solvent. 
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Test Derivative Solutions = TDS --' 
i. Unprocessed. Uncoated. pH 7'4. 

ii. Unprocessed. Uncoated. pH 5· 6. 
iii. Processed. Uncoated. pH 7-4. 
iv: Pro-ee'!U"ftd. Uncoated. pH 5-6. 

v. Unp roc essed Coated. pH 7·4. 
vi. Unprocessed. Coated. pH 5· 6. 

vii. Processed. Coated. pH 7'4. 
viii. Processed. Coated. pH 5·6 

DIAGRAM 5. Thin Lay er Chromatogram of 2 , 4-dinitrophenyl 

hydrazine derivativ e of acetone, against a chlorbutol solution, 

with e thanol, using the solvent system: benzene-ethyl acetat e . 

(95 + 5). 

Rr value obtained for the derivative was. 

0'7% chlorbut ol in 
4% ethanol. 

0'05% acetone in 
4% ethanol, 

a. 0'7% chlorbutol in 4% ethanol. = No spot ; 

b. 0'05% aceton e i n 4% ethanol •. ~ = 0'59. 

No interference in the determination was sh~wn by either 

0'7% chlorbutol or 4% ethanol, 
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DIAGRAM 6. Tb,in-Layer Chromatograrc,' of test derivative solutions 
~A··-

for the determination of acetone, using t ,he' solvent system: 

benzene-ethy1 . acetate (95 + 5) • 

..... __ . __ ._-_._--._- -----_._-_._----_.-.--------_. __ •. - - -... 
'I r~ I 

1..... SDS a I 
I----!-;. -----.----.-.-----.• -----. -- -------+-------------. j 

"­
TDS i 

I .. ____ .. T!?S_U .. ---------- - .. l 1----------·---··----'--'-'-'--'-' .,..-. ------_· ___ t-TD~S __ i _i _i_____ I 

t---Jl-----.------­
o 

... _ .. ______ .!:.:D:.:S:.. • ..;:i:..;v ______ . _ _ . ___ ___ ... 

r---li----------·-- ·---··-- . - .. _- -.... SDS a .----41--..::..........::::...---.--. ----,,-

TDS v 1---+-.-.------ ---------. ----.- ... - - .-.-+------..... --

1---- ---.. . -.. - '--. . ---•. "-.--- -.-------- - --
TDS vii 

'~---------------------:r 
TDS viii f---f-----.-- ---- -- --- .. -.--.. - --- --- - ,,-- - ,,1- ... --- --"-'---"'- - .-. - -

( .... 
!.-__ -L _ __________ _______ ' _ / ___ • _______ ...... :::S~!'-__ . ______ . _ .... _._ 

Standard Derivative Solution := §.!2§.. 

a. 0'05'70 Aceto n e Rr := 0.59. 

Test DQriyatiye Solutions = TDS. 

i. Unprocessed. Uncoated. pH 7'4. 
ii. Unprocessed. Uncoated.' pH 5. 6. 

iii. P r ocess ed . Uncoated. pH 7.4. 
iv. Processed. Uncoated. pH 5' 6. 

v. Unprocessed. Coated. pH 7'4. 
vi. Unprocessed. Coated. pH 5'6. 

vii. Processed. Coated. pH 7-4. 
vii~ ·Processed. Coat ed . pH 5'6. 
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DIAGRAM 7. Thin Layer Chromatogram of benzyl-thiuronium salts of 

formic and acetic acids produced by the extraction procedure, 

against standard derivatives of these acids, using the solvent 

system: chloroform-ethyl acetate- acetone (40 + 40 + 20) plus 

1 drop of NllO hydrochloric acid per 10 ml. of solvent. 

Rf values obtained were: 

i. Standard derivative solutions. 

a. 0'5% formic acid. Rf 
b. 0·5% acetic acid. Rt> 

ii. Deri vative solutions produced 

a. 0'05% formic acid. ~ 
b. 0'05% acetic acid. R.f-

= 0'44. 

= 0·13. 

i i. a. 

11. b. 

by extraction procedure. 

= 0·44. 

= 0-13. 

. ... 1 
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DIAGRAM 8. Thin LaYer Chromatogranl of test solutions for the 

det ermination of formic and acetic acids, using the solvent 

system : chloroform-ethyl acetate-acetone (40 + 40 + 20) plus one 

drop of NIIO hydrochloric acid per lOml. of solvent. 
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Standard derivative solutions = §Q§.. 

a. 0'05% formic acid. Rf = 0'44 

b. 0'05% acetic acid. Rf = 0'13 

Test derivative solutions = TI?§.. 

i. Unprocessed. Uncoated. pH 7'4. 

ii. Unprocessed. Uncoated. pH 5·6. 

iii. Processed. Uncoated. pH 7·4. 

iv. Processed. Uncoated. pH 5'6. 

v. Unprocessed. Coated. pH 7'4. 

vi . Unprocessed. Coated. pH 5'6. 

vii. Processed. Coated. pH 7·4. 

viii. Processed. Coated. pH 5*6. 

.. _..., 
I 
I 
I 
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DIAGRAM 9. Thin Layer Chromatogram of alkali halides using the 

solvent system: acetone- n-butanol-concentrated ammonia solution­

distilled water. (65 + 20 + 10 + 5). 

Rf values obtained were: 

a. 0·1% sodium chloride. = 0·15. 

b. neutralised chloride solution lip = 0°15. 
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DIAGRAM 10. Thin Layer Chromatogram of test solutions for the 

determination of chlorides, using the solvent system : acetone­

n-butanol-concentrated ammonia solution-distilled water 

( 65 + 20 + 10 + 5) • 

. ' , 
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!~) 

.... ' 1--+------- ----.... ------ -.. -------jf--=-'=---=:..::..!.-------j 
" '-... 

\... ( 

_.+-. __ ~ ___ ~_.~ _ __ .~~_~ ____ _+_-"-o'--"..:..:.------.--~. 

I--~-----.---.----------------------~~~--------- . "..-_ . ......... \ 
t. / 

1--+---- .- .......... -.. -._ - - - ....... -. 

1----1------ ------.-- .-. - - .... ---- ... - .... - ---f-==-:...::..::.!.------

I-'---lc----.-. . 
' .. , .. ' 
----- -----.---.-------f-:::.:::....!:..!..----- -

'------'------------------.--- --_._--'. __ ~ __ --------J 
Standard solutions = SS. 

a. 0'1% sodium chloride. Rr = 0"15. 

b. Neutralised chloride. "&f = 0.15. 
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Test Solutions = TS -' 

i. Unprocessed. Uncoated. pH 7-4. 

ii. Unprocessed. Uncoated. pH 5*6. 

iii. Processed. Uncoated. pH 7-4. 

iv. Processed. Uncoated. pH 5-6. 

v. Unprocessed. Coated. pH 7·4. 

vi. Unprocessed. Coated. pH 5·5. 

vii. Processed. Coated. pH 7.4. 

viii. Processed. Coated. pH 5'6. 
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