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HE effectiveness of certain substituted benzaldehyde ( 7  ) T and aliphatic or alicyclic ketone (9) derivatives of rhodanine 
( I )  in preventing rot in cotton cloth has recently been reported. 
The majority of the compounds contained two groups known to be 

S 
I /  

fungitoxic, the dithiocarbamate, --N-C-S--, and the a.6- 

unsaturated carbonyl group, -C=C-C=O (IS). Because the 
activity varied markedly with the substituents attached to the 
rhodanine nucleus, i t  was considered desirable to extend the in- 
vestigation to include heterocyclic as well as certain selected 
aliphatic groups. It seemed advieable also to determine the 
effect of replacing one sulfur atom in the rhodanine moiety by an 
oxygen, and therefore some 5-substituted dioxothiazolidines (11) 
v-ere prepared and tested. 
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The present paper contains the data on 44 derivatives of rho- 
danine or 3-substituted rhodanines and 6 derivatives of dioxo- 
thiazolidme. The biological 
testing procedure which m-as 
used for the compounds re- 
ported in the present paper 
was identical with that re- 
ported previously (9) and the 
results for both series may 
be compared directly. The 
same method of standardiza- 
tion of the soil burial tests 
was used and the comparison 
of activity with that of repre- 
sentative fungicides such as 
pentachlorophenol and 2,2/-di- 
hydroxy-5,5’-dichlorodiphenyl- 
methane is equally valid. 

In  the accompanying tables, 
‘%sua1 groTvth” represents the 
grolvth, observed after 2 n-eeke. 
on cotton strips of standard 
size, incubated on mineral 
salts-agar with a pure cul- 
ture of Chaetomzum globosum. 
1-isual growth is rated on a 
Beale of 0 (no growth) to 5 
(cloth completelj- overgrown 
vi th  fungus). The per cent 
Ioss in strength after incu- 
bation Kith Chaetoniium glo-  

~ O S U W  or after soil burial m s  determined by comparison of the 
tensile strength, measured with a Scott tester, of the biological 
test samples, with that of untreated cloth. ill1 results are the 
average of five determinations. 

The results indicate that a t  any given concentration soil burial 
is a more drastic test of the protection afforded to cloth by a candi- 
date fungicide than the pure culture tests. Thus, if a compound 
givee protection in the pure culture tests, it may or may not pro- 
tect in the more rigorous test. 

RHODANINE DERIVATIVES OF HETEROCYCLIC ALDEHYDES 
AND KETONES 

The compounds in Table I were made by the condensation of 
rhodanine with the heterocyclic aldehyde, which may or may not 
have substituents attached to the furan or thiophene nucleus. 
The rhodanine derivatives of the unsubstituted heterocyclic 
aldehydes give excellent protection in the mildew-proofing 
tests. S o t  only is the cotton cloth protected against the 
attack of the cellulolytic fungus, Chaetomium globosuna, but 
even in the more rigorous soil burial tests there is little loss in 
strength. This is especially true of 5-(2-thenylidene)rhodanine, 
compound 1-204. 

With the lem effective 5-benzylidenerhodanine ( 7 )  i t  was found 
that the introduction of a chlorine atom, regardless of its position, 
increased markedly the protection afforded during 4 weeks’ soil 

TABLE I. PERFORMANCE OF HETEROCYCLIC ALDEHYDE DERIVATIYES Ih’ &fILDEW-RESISTAYCE 
TESTS 

HN-C=O 
I 1  

196 
349 
310 
264 
204 
413 

2-Fury1 
5-Chlorofuryl-2 
5-Nitrofuryl-2 
8- (2-Furyl) vinyl 
2-Thienyl 
5-Chlorothienyl-2 

229-231 (16) 
220 d. (8) 
201-201,5 (8) 
251 d .  (8) 
231-232 11 ,  18) 
229-230 [ 1 I )  

3 
0 

92 
55 

4 
3 

25 
28 

100 
100 

4 
G8 

T 4BLE 11. PERFORMANCE OF RHODANINE DERIVATIVES OF F U R Y L  KETONES IU lfILDER-- 
RESISTAXCE TESTS 

HS-C=O 

c C=C 
~ I 7‘ 

”\s/ \R 
8 

Compound 
NO. R 

Strength Loss, r0 Viaual 
Growth, 

R’ 3I.P., O C. glotoszim 2 weeks 2 4 
Chaelolnium Culture, S o i l B u r i 4  Q‘eehs 

302 2-Fury1 Methyl 243.5-244,5 (10) 0 0 64 e8 
334 5-Methylfuryl-2 Methyl 248 d. (10) J 100 86 100 
332a B-(2-Furyl)vinyl Methyl 210-214 d. (10) 0 0 47 54 
303 %Fury1 Ethyl  180.5-181 ( I O )  0 0 21 7 5 
317 2-Fury1 Propyl 159.5-160.5 (10)  0 0 32 62 

a Compound reported (9) bu t  included here for comparison with other f,iran-containing compounds. 
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be made between certain compounds in 
Table I and those in Tables I1 or 111, in 
which the only difference is that the hy- 
drogen of the methine carbon (formula in 
Table I) has been replaced by a methyl. 
Here the rhodanine nucleus and the R 
group remain unchanged. Comparison 

TABLE 111. PERFORXANCE OF RHODANINE DERIVATIVES O F  T H i E N Y L  KETONES I N  
MILDEW-RESISTANCE TESTS 

HN-C=O 

C I /  C = C T J - R  

Strength Loss, ?& 
S ' \ d  CAa 

Visual Growth, 

NO. R M.P., c. globosum 2 weeks 2 4 pairs: 
~~~~~~~i~~ culture, Soil Burial, Weeks may thus be made between the Compound 

263 Hydrogen 218-221.5d. (10) 0 0 54 84 
329 Chlorine 205 (10) 0 0 50 90 

92 
99 

214-215d (10) 0 {E 335 Bromine 
336 tert-butyl 192-193 (10) 4 . 8  85  63 

1-196 and 11-302 
1-264 and 11-332 
1-204 and 111-263 
1-413 and 111-329 

In the cases in which the het- 
erocyclic nucleus is directly at- 

RESISTANCE TESTS tached to the bridge carbon, 
the intact methine-containing 

RN-C=O compound is more effective 

TABLE Iv. PERFORMANCE OF 3,&DISUBSTITUTED RHODANINE DERIVATIVES in MILDEW- 

I 1  
S "\s/ 4 C C=C-R' 

than the quaternary-substi- 
tuted carbon compound. This 
is likewise true when a phenyl 
group is directly attached to 
the bridge carbon ( 7 ) .  

From the limited number of 
ketone derivatives studied i t  

No. R R '  M.P.,  ' C. globosum 2 weeks 2 
356 Methyl 2-Thienyl 170-170.5 (8) 1.6 44 98 100 
389 Allyl 2-Fury1 102.5-103,5 (8) 1.0 11 78 93 appears that an alkyl group 
387 Allyl 2-Thienyl 148-149 (8) 0 . 4  35 96 100 
382 Phenyl 2-Fury1 3 . 0  37 97 100 substituted in the 5-position of 

the furan or thiophene nucleus 
407 p-Chlorophenyl 2-Thienyl 2526 5.0 100 100 100 markedly decreases the protec- 

acetate. compounds listed in Tables 
Analysis. Calcd. for Ci4HsCINOzSx: C, 52.25; H ,  2.51. Found: C ,  52.47; H ,  2.80. 

with a methyl group attached hydroxide and ammonium chloride. 
Analysis. Calcd. for CirHsCINOSa: C, 49.77; H, 2.39. Found: C, 49.58: H ,  2.20. 

to furan and 111-336 with 
tert-butyl attached to thio- 
phene are ineffective against 

When the size of the R '  group replac- 
ing the H of the methine carbon is in- 
creased from methyl to ethyl or propyl, 
some improvement occurs in t,he protec- 
tion afforded in soil burial test,s. The 

No. R M.P. ,' C. olobosum 2 weeks 2 4 (R'=ethyl) and 11-317 (R'=propyl) is 

Strength Loss, % Visual 
Growth, 

Compound Chaetomium Culture, soi l  weeks 
4 

380 Phen 1 2-Thienyl :%id0 (8) 5 .0  100 99 100 
403 p-Chcrophenyl 2-Fury1 222" 5 . 0  100 98 100 

(1 Prepared by condensation of 3-chlorophenylrhodanine and furfural in glacial acetic acid and anhydrous eodium In contrast to the Other 

b Prepared b y  condensation of 3-chlorophenylrhodanine and 2-thenaldehyde in ethyl alcohol, using ammonium 1 to 111, compounds 11-334 

tion. 

TABLE v. PERFORMAXCE O F  3-SUBSTITUTED RHODANINES I N  MILDEW-RESISTANCE 
TESTS Chaetomium globosum. 

C I 1  CHz 

RN-CO 

s/ \B/ 
Strength Loss, % __ Visual Chaetoniu?n Growth, Culture soil Burial, weeks difference between the results for 11-303 

Compound 

l Q l Q  Hydrogen 168-170s 5 100 100 100 not considered significant, but the differ- 
70 (9) 0 0 93 100 ence between them and 11-302 ( R ' =  350 Methyl 

374 Allyl 45-47 (2) 0 0 90 100 
370 Phenyl 194-195J2) 0 5 70 100 methyl) appears to be real as it is  of 

p-Chlorophenyl 128-129 0 0 2 82 greater magnitude and shows both in the 396 

2-week and 4-week tests. 
Table IV shows that the excellent pro- 

tection afforded cotton cloth by 5-(2- 
furfury1idene)rhodanine (1-196) and 5- 
(2-theny1idene)rhodanine (1-204) is lost 
when the R group attached to the nitro- 

gen atom is changed from H to an alkyl or aryl group. This 
lack of protection is evident in pure culture tests as well as soil 
burial. From Table V, in which the R group in the 3-position 
of rhodanine is retained and no substituent is attached to the 
carbon in the 5-position, it is evident that the absence of protec- 
tion in pure culture tests of rhodanine (V-191) may be partially 
overcome by replacement of hydrogen on the nitrogen bJ7 a hy- 
drocarbon radical. With 3(p-chlorophenyl)rhodanine, 2 weeks' 
protection in soil burial tests is obtained. Therefore the poor 
results recorded in Table IV cannot be due to inherent lack of 
toxicity to Chuetomium globosum of a hydrocarbon group attached 
to the nitrogen. The same effect was noted (9) when the con- 
densation products of 3-substituted rhodanines with alicyclic 
ketones were ineffective, whereas the rhodanine condensation 
products with the same ketones gave good protection. 

a Compound reported ( 7 ) ,  bu t  repeated for comparison with 3-substituted rhodanines. 
b Obtained from B. F. Goodrich Co. 

Prepared from ammonium N-p-chlorophenyl dithiocarbamate and sodium ohloloacetate, 151th 

subsequent Analysis. Calcd. heating for in CQHOCINOS~: acid solution. C, 44.35; H ,  2.48. Found: C ,  44.56; H ,  2.68. 

burial. Consequently, the effect of a chlorine atom in the furan 
or thiophene nucleus was investigated. In the furan nucleus, the 
presence of a chlorine atom has little effect (compounds 1-196 and 
I-349), while in a thiophene nucleus, substitution of a chlorine for 
a hydrogen decreases activity. The effective protection which is 
given by the 5-furfurylidenerhodanine (compound 1-196) in soil 
burial may be lost if a nitro group is substituted for a hydrogen in 
the 5-position of the furan nucleus (compound 1-310). 

In Tables I1 and I11 the data on rhodanine derivatives of ke- 
tones containing either furan or thiophene nuclei are reported. 
It is obvious that the ketones whose derivatives were studied are 
not as effective as the corresponding aldehyde derivatives (re- 
ported in Table I). On the basis of these tests, none of the com- 
pounds in Tables I1 and I11 would be considered an effective sub- 
stance for preventing rot in cloth. Specifically, comparison may 
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The importance of the over-all size and shape of the molecule 
was mentioned in the previous report. It seems possible that 
another factor may also be responsible for the inactivity of the 3,- 
5-disubstituted rhodanines. Tautomerism is possible in the 5- 
substituted rhodanines, tvith I11 being a tautomeric form of I .  
It is also possible with 3-substituted rhodanines with IV and V as 
the two possible forms. Rut in the 3,5-disubstituted rhodanines, 
both types of tautomerim are non impossible and the structure 
of the molecule is rigid. 

N-C=O Rl ----CEO IP-C-OH 
1 ~I R ‘ I  I1 I / 

111 IT- F’ 

RHODANINE DERIVATIYES OF KETOYES CONTAINING A 
THIOLETHER GROUP 

The rotproofing activity of rhodanine derivatives of methyl 
ketones (9) has been shown to increase with an increasing number 
of carbon atoms until the number of carbon atoms reaches five. 
Further increase in carbon atoms results in a precipitous decline 

in activity. Because of some resemblances between the 4- 
and the -CH2- structures, it was decided to test the activity of 
the corresponding ketone derivatives containing a thiolcther 
group. The preparation and properties are reported elsewhere 
( 6 ) .  

A thiolether group in a methyl ketone derivative of rhodanine 
is less effect,ive than the corresponding ketone derivative Tvithout 
the thiolether group. ?;one of the compounds reported in Table 
VI afforded appreciable protection in the most rigorous test- 
Le., 4 weeks’ soil burial-while four of the CH,COR ketone2 
(specifically R =propyl, butyl, isobutyl, and amyl) gave deriva- 
tives which permitted less than 50% loss in tensile strength by 
the cotton after the latter had been buried in rich soil for 4 weeks. 

However, an interesting comparison is possible if, as the critc- 
rion of activity, loss in tensile strength after 2 weeks’ soil burial ia  
chosen, In  the normal compounds in lnot,h seriep, the initial 
members are less effective; t,here is a marked increase in activity 
when the number of carbon atoms in R reaches three; the peak in 
activity is maintained through a chain of five carbon atoms, 
while a chain of six carbon atoms shows a sudden decline in ac- 
tivity. Both series of com- 
pounds. in the range o i  R = methyl to R = hexyl, can protect 
cloth against deterioration caused by contact with the cellulo- 

This effect is illustrated in Figure 1. 

lytic fungus, Chaetoinium globas7~1n. 

TABLE VI. PERFORMANCE IK MILDEW-RESISTANCE TESTS OF S O X 3  RHODASINE 
DERIVATIVES OF KETONES CONTAINKG A THIOI.ETIiER GROUP 

Strength Loss, $6 Visual Growth, 
Compound Chaetomzzlm Culture, Soil Burla1, W e e k s  

90.  R 3I .P,  0 C. globosum 2 weeks 2 4 
333 
352 
280 
297 
289 
299 
300 
326 
298 

ZIethyl 
Ethyl  
Propyl 
Isopropyl 
Butyl 
Isobutyl 
tert-Butyl 
-4myl 
Hexyl 

110-110,5 ( 6 )  

112-112.5 (6) 

127-128 (6) 
90.5-91.5 ( 6 )  

106.5-107.5 ( G )  
112-112.5 ( 6 )  
127.5-128 (6) 
91-91,5 (6) 
9 1 .5-92 (5) 

0 
0 
0 
0 
0 
0 
0 
0 
0 4  

66 
71 
21  
52 
a9 
40 
74 
30 
08 

100 
100 
96 
96 
95 
79 

100 
96 

100 

TABLE VII. PERFORIIAKCE OF RHODANINE DERIVATIVES O F  !lLIPHATlC A&LDEHYDES 
IN MILDEW-RESISTAKCE TESTS 

HN-C=O 

1 1  /” 6 C-CH-C-R 

‘R 
// ,\ / s s  

203 Hydrogen Hydrogen i39-141 ( 1 4 )  0 5 72 100 
259 Ethyl  Ethyl  101-10G (8) 0 0 0 73 
260 Ethyl Butyl 66-68 (8) 0 0 2 28 
226 Hydrogen Phenyl 213-215.5 (141 5 62 08 100 

RHODANINE DERIVATIVES OF 
ALIPHATIC ALDEHYDES 

Because of t’he ease n-ith which simple 
aliphatic aldehyde derivatives of rhoda- 
nine undergo the Michael reaction (5) ,  
relatively fex aldol condensation prod- 
ucts of this type were prepared and 
tested. Those which were obtained usu- 
ally contained bulky substituents or un- 
saturation attached to the a-carbon 
atom. 

With compounds VII-259 and VII- 
260, which contain alkyl groups :it- 
tached to the a-carbon atom, the in- 
crease in mildew-resist,ance over that 
afforded by compound VII-203, which 
has three hydrogen atoms in the same 
position, is evident. Compound T’III- 
296, which differs from compound VII- 
260 only in the presence of an nddi- 
tional double bond, also shows consid- 
erable increase in activity over com- 
pound VII-203. It seems significant 
that in compounds VII-259, VII-260. 
and VIII-296 the total number of car- 
bon atoms attached to the 5-position 
of rhodanine is approximately the same 

as in the similar derivatives 

I 1  
C C=CH-C=C’ 

S // \s/ R ‘R‘ 

4 

61 loo 
205 Hydrogen Hydrogen Xethgl  197 (14) 3 6  
296 Ethyl  Hydrogen Propyl 109 5-10 5 (8) 0 0 7 
234 Hydrogen Methyl 4-hIethyl-3-penten).i 146-47 ( 8 )  0 0 52 90 
199 Hydrogen Hydiogen Phenyl 208-12 ( 1 7 )  0 0 65 100 

100 88 100 
88 100 

250 (8) 
281 Pentyl H;drogen Phenyl 145-7 (8) $ 100 
304 Hydrogen Hvdrogen o-Nitrophenyl 

from methyl ketones or ali- 
phatic ketones showing maxi- 
mum activity (9). This fact 
supports the theory that thc 
over-all size and shape of the 
molecule are important in de- 
termining its fungistat’ic ac- 
tivity. 

A comparison of the ac- 
tivity of compound 159, 5- 
benzylidenerhodanine ( 7 ) .  
with that of compound VII- 
226, 5-( 2-pheny1)ethylidenr- 
rhodanine, shows that when 
the benzene ring is separated 
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from the carbon directly attached to the rhodanine nucleus 
by a methylene group, marked deterioration in the amount 
of protection, both in pure culture and in soil burial tests, results, 
Although compound 230, 5-( 1-pheny1)ethylidenerhodanine ( 7 ) ,  
an isomer of compound VII-226, is somewhat less effective than 
5-benxylidenerhodanine in soil burial tests, it  shows fungistatic 
activity in pure culture tests. Therefore an important factor in 
the complete lack of activity of compound VII-226 is the loca- 
tion of the phenyl group. However, if the methinyl hydrogen 
in compound VII-226 is replaced by a methyl group as in com- 
pound 325, 5-( 1-methyl-2-pheny1)ethylidenerhodanine (9), pro- 
tection is afforded in pure culture tests, but not in soil burial 
tests. This represents a reversal in the activity of aldehyde and 
mcthyl ketone derivatives reported for heterocyclic and aro- 
matic compounds. 

Tables I1 and VI11 give data on certain compounds which are 
vinylogs of other compounds included in this study. Among the 
aldehyde derivatives of rhodanine the following vinylogs are 
available for comparison. 

HS--C=O 

' I  I 
6 C=C-(CH=CH),R 

S y'S/ A' 
R' R n = O  n = l  

H CHa VII-203 and VIII-205 

H C&O 1-196 and 1-264 
H Ce& 159(8) and VIII-199 

In these cases the vinylog is less effective than the compound to 
which it is related and the greater separation of R from the rho- 
danine nucleus results in decrease in activity. Table I1 shows 
that in the one case studied, the reverse effect is true with deriva- 
tives of methyl ketones. Where R '  is methyl and R is 2-fury1 
(compounds 11-302 and 11-332), the vinylog gives greater protec- 
tion than the corresponding compound without the vinyl group. 

DERIVATIVES OF 2,4-DIOXOTHIAZOLIDINE 

In  Table IX, tests on the 2,4-dioxothiazolidine derivatives of 
some aldehydes and ketones are reported. These compounds 

differ from rhodanine derivatives in that the C=8 group in the 
\ 
/ 
\ 
/ 

2-position of the rhodanine ring is replaced by 0. Certain 

F909 looo 2 5 6 

N U M B E R  OF C A R B O N  A T O M S  I N  ALKYL GROUP, R 

Figure 1. Effect of Number of Carbon Atoms on Tensile 
Strength 

TABLE x. PERFORMANCE I N  SOIL BURIAL TESTS 
HN-C=O 

Compound 
NO. R 

I /  
C C=R 
/ \  / 

s' ' S  
Strength Loss, % 

2 Weeks 4 Weeks 
2% 1% 2% 1 %  

204 Thenvlidene 4 6  4 1 .5 - _  
244 p-M&hylcyclohexylidene 4 f 9 37 
260 2-Ethylhexylidene 
261 1-Methylhexylidene 
290 p-Chlorobenzylidene 0 3 25 7' 

2 3 28 50 
4 6 20 64 

This result (7% loss in tensile strength at !% concentration) more 
nearly represents the activity of 5-(p-chlorobenzylidene)rhodanine than the 
loss of 25% at 2% concentration, since the impregnation in the latter case 
was uneven. 

aldehydes and ketones which as rhodanine derivatives had shown 
considerable activity were selected for condensation with 2,P 
dioxothiaaolidine. Data for soil burial tests for the correspond- 
ing rhodanine derivatives are included to facilitate comparisons. 

\ 
/ 

It may be noticed that the C=S group is partly responsible 

for the protection eiven bv 
I 

the rhodan ine  d e r i v a t i v e s ,  
s ince  t h e  l a t t e r  u n i f o r m l y  

corresponding dioxothiazoli- 
dine derivatives. Equally sig- 
nificant is the fact that, with 
one exception, the order of ac- 
tivity within each of the two 
series is approximately the 

soli ~ ~ ~ , ~ l ,  Strength Loss, 70 same. T h u s  t h e  2-thenyli-  
dene derivative is the most 

29 100 100 100 100 (7 )  effective compound and the 
365 Benzylidene 248-249 (1) 1 6  33 85 100 0 95 (? )  b e n z y l i d e n e  derivative the 

least effective. The interme- 
89 27 33 ( 9 )  diate compounds in the di- 
84 4 9 ( 9 )  oxothiazolidine series show ap- 

368 Cyclohexylidene 150 (f6) 0 

proximately the same activ- 369 2-Thenylidene 246 (16) 0 0 2 30 4 4 

T 4BLE Ix. PERFORl iANCE I N  &fILDEW-RESISTANCE T E ~ T S  OF SOME 2,$-DIOXOTHIAZOI~I~l~E~ show greater activity than the 
AND COIMPARISOh. WITH CORRESPONDIUQ RHODANINES 

HN-C=O 

fi A=R 
// \s/ 

Corresnonding 
Rhodanine 

Stiengtli Loss, % Compound, Visual __ _- - _ _ _ ~  - 

0 

Giowth, Weeks Soil Burial, We+ Compound Chaetomzum Culture, - 
NO R M P I  " C .  globosum Zweeks 2 4 2 4 Ref 
224 Hydrogen 124-127 2 4  

373 p-Chloroben- 

367 p-Methylcyclo- 

398 2-Furfurvhdene 238-238 5 (16) 0 0 34 93 3 25 

rylidene 230n 0 2  0 24 59 0 25 ( 7 )  

hexylidene 130b 0 0 29 
O (25 

(1 Prepared by condensation of 2,4-dioxothiazolidine and p-chlorobenzaldeh d e  

b Prepared by condensation of 2 4-dioxothiazolidine and p-methylcyclohexanone. 
Analysis. Calcd. for CiaH~ClNOzS: C! 50.11,; H! 2.52. Found: C, 50.02; 3, 2.kO. 

Analysis. Calcd. for CmHuNOzS: 'C, 56.85; H,  0.20. Found: C, 56.69; H,  5.98, 

ity, and likewise in the rhoda- 
nine series, with the exception 
of the more active 5-lv-methvl- 
cyclohexy1idene)rhodanine. 
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TESTS AT LOWER CONCENTRATIOSS 

I n  Table X, the data on further tests of some of the more ac- 
tive compounds obtained during this investigation are reported. 
Soil burial tests were run on strips of cotton cloth which were im- 
pregnated with a 1% concentration of the candidate fungicide 
instead of a 2% concentration. These values, with the results of 
soil burial tests on cloth protected with 2% of the compound, are 
listed together for purposes of comparison. With tests on 2 
weeks’ soil burial, the differences in the activity a t  different con- 
centrations are insignificant, and well within the limits of eiperi- 
mental error. There is differentiation in activity at a 1% con- 
centration in the soil burial tests lasting for 4 weeks. These re- 
sults indicate that the most effective compounds found during 
this investigation are 5-(2-thenylidene)rhodanine and 5 - ( p  
chlorobenzy1idene)rhodanine. 
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Ignition Be avior of the Hexanes 
J. ENOCH JOHNSON, JOHN W. CRELLIN, AND HOMER W. CARHART 

Naval Research Laboratory, Washington 25, D .  C .  

HIS study of the ignition behavior of the isomeric hexanes T was undertaken to further the knowledge of the relation- 
ship between the molecular structure of hydrocarbons and their 
ignition properties. The over-all objective is the development 
of information which will correlate t,he composition of fuels with 
performance in internal coiiibustion engines. 

The controlled-oxygen ignition meter developed in these studies 
presents a simple and convenient system for evaluating fuels 
and pure compounds with small amounts of material. Previous 
work (8, 9) with this apparatus has supplied data which correlate 
very well with those obtained by other invest’igators using sub- 
stantially different techniques and apparatus; the results gained 
tend to supplement and extend their work. 

The ignition patterns developed in the present study give 
a clear picture of the differences in ignition character of com- 
pounds as affected by changes in oxygen partial pressure and tem- 
perature. Particularly under conditions in xhich ignition is 
controlled by the mechanism of low temperature oxidation, the 
results reveal the effects of molecular structure on ignition and 
illustrate the complexity of the processes involved. 

The isomeric hexanes were chosen for study because they ex- 
emplify the transition from straight-chain hydrocarbons to 
highly branched compounds having the same molecular weight 
and because they could be obtained highly purified. I n  addition, 
other investigators have utilized the hexanes for related studies, 
so that correlation with their work is made easier. 

APPIRATUS I Y D  PROCEDURE 

The controlled-oxygen ignition meter has been used previ- 
ously a t  this laboratory to study the ignition behavior of fuels 
and hydrocarbons and has been described in detail (8). 

Essentially it consists of an electrically heated ignition chamber 
of 21-ml. capacity containing thermocouples in both the block 
and free space inside the chamber. Pure oxygen or mixtures of 
osygen and nitiogen are preheated and supplied to the chamber 

a t  the rate of 25 nil. per minute. A single drop of the hydrocar- 
bon is introduced int,o the chamber and the resultant phenomena 
are observed. The ignition delay is measured by noting the time 
that, elapses between the addition of the fuel drop and any evl- 
dence of ignition. After each such procedure the chamber is 
purged with air and the ignition crucible, which is used in the 
bottom of the chamber, is replaced with a clean one. 

Studies are usually made a t  a fixed osygen concentration, the 
block temperature being lowered gradually unt,il the minimum 
ignition temperature is reached. This process is repeated at 
several different oxygen concentrations to provide data from 
which the ignition diagrams are derived. i l t  the lower tem- 
perat,ures the ignition boundaries could be determined to k 2 O  C., 
but a t  the higher temperatures they could not be delineated so 
clearly. 

All hexanes used in this study were obtained froin the €’hillips 
Petroleum Co. Each mas specified to  have a purity of not less 
than 99 mole % and vias used as rweived. 

IGNITION DIAGRAMS FOR THE HEXASES 

Ignition diagrams were prepared from the data for each of the 
five hexanes, as illustrat’ed for 2-niethylpentane in Figure 1, 
in which t’he curve is drawn to  represent the boundary between 
the various ignition zones. The ignition pattern for iso-octane 
(2,2,4-trimethylpentme) has been included for comparative 
purposes. I n  the diagrams presented in Figure 2, the tempera- 
ture of the ignit,ion chamber was plotted against the per cent 
oxygen in the gas mixture supplied to the chamber. 

The ignition patterns for n-hexane, 2-methylpentane, and 3- 
rnethylpentane shown in Figure 2 are typical of those found 
previously for several pure hydrocarbons and Diesel fuels 
(8, 9). The regions of positive or “hot” ignition lie above and to  
the right of the curves. The regions of cool flame lie below the 
curve. The boundary between the positive ignition and non- 
ignition zones drops almost vertically from 100% oxygen to 
less than 40% before any significant deviation occurs. The 
temperature requirement for the vertical boundary increases 
on going from n-hexane to 2-methylpentane to 3-methylpentane, 


