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~ Table U 4,03

Values of /\and log ¢ for maxima for the ultraviolet absorption
spectra of coumarin carboxylic acids,

Compound Solvent pH _)\m log € Jm loé c
* =0 B=lt=Me M - - - 322 4,1k
™ 7-1 - - 322 b,11

7=-0H=4-NeI-6~CO0H v 7=3 - - 326-28 k.17
2<0,5 - - 326 b1%

9«0 HoltwMe I=8«CO0H w 7= 266 3.83 -330 .11
‘ 2 266 3.84% 328 4,09
1-0,5 266 13,86 326-28 4,08

I : counmarin
M e Wmathanol
™ : 10 £ aqueous methanol
w ¢ water
* Dr, R.,A.Bhatt, Ph,D,Thesis (1968) Baroda,



IR Y% 92€ - - 60°4 942 T i
rTA4 9et - .- 80°4H 9le ]
wt cet T0°4 982 40°%q 9l2 4
- - NH.M me - - yA 20 4
es° ¢t ozt 94° 9ge g6°t 9le - R IHOTP=9 ¢4
- - T4 262 - - =4 Kl ,
- - 60°4 982 - - - K I0BHTP~S 4
- - H1'h cée - - T
- - E1%4 86=h6e - - rd
- - 80°H 962 - - 4 | 14 1 .
- - FAN Y w62 - - - H I0OH=$=HO"}
- - O.Ho @N - - .ﬂl.m
- - .Hﬂo..” M@N - - FA a
- - [{ Y 26e - - - R . IHOTP=G ¢4
48°¢ 00t 40° L2 40° 492 } o’/ WL
€8¢t 00¢ mo.u mnm :c.u :wm - R TOOK =4 *
04° € 00¢ 60°4 082 00°4 042 -t
96°¢ 00¢t 60°4 082 00°% 0le m
90°4 gé=gbe I1°% €g-z8e - -
mo:m_ 62 T4 98¢ - - - 9%4 KL
96* 2ot 0% 4 0ge t6°¢ 0l2 - R THO=Hx*
2 $o1 Ly D80t wy ) 8ot Wy Ed QUOATOR punodmoy

PRSP P

. mﬁnmsﬁochxoﬁoat: pue huo.avmﬂ...:quo uot3dIosqe 34O0TOTARIJIN UF BWTXEW IO - 30T vqw/\ JO sonTeA

Pl

+0°+ 0 °TqEL



141

*epoaed (896T)

syseuL°d ud ‘B3yeN LW *Id  **
*wpoaed (696T) s¥seyl °q'ud ‘epfeH*S’H °*ad *

90¢
ot

g80¢
20t
X019

20t
+#0t

et
92t

Het
Het

91t

26°¢.

26°t
M@.m

0°4
§0°%
48° €
66°¢
46t

98°t

0
oo.u.

0ge
0ge

28e
+8¢
82

e8e
H8e
8¢

-

0ge
962
98¢

(*pauoo) #0°H 0 O14®s

t

L0°
66°

01" 4
80°4

wée

t

te

0l2
0ie

we

=4
-t
=L
-t
L ('

-4

-

1-9°e

=&

=&

=8 =&

=g

-/ b
I08HTP=L ‘4, ,
106K ~L~HO~h,

THOTE=4 4,

1081 TP~9 4

T0R=9=HO"h



Invariant wavelengths and log C for W-hydroxycoumarins,

Table U 4,05

Compound )mg -log €
+*lmQHI 315 3.79
4, 5-d10HI 304 4,05
4,6-d10HI 280 4,03
4, 7~a10HI 306 4,12

4-0H~5-}e0I 306 .13
Y OH=6=Me0T 280 1,0%
40 He7-Me0T 307 4,21

* Dr.,R.S.Hegde, Ph,D,Thesis (1969), Baroda,

o Table U 4,06
Values of A and logc for maxima for the ultraviolet absorption
spectra of ortho-, meta«~ and para-nitrotoluenes,

Compound 3 ortho meta para
Solvent: Am logt Am log ¢ Am log¢
Water 265 3.69 273 3.84 285 3.9%
10% methanol 265 3.71 272,5 3.85 284 3.95
20% " 264 3.72 272 3.86 283 3.97
4o% " 266 3,75 272 3.88 282 3.99
gog " 262 3,72 270  3.87 281 . 3.97
80% n 261 3.71 268 3.87 279 3.97
1006 " 258 3,78 3.88 273.5

265

3.98
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% 4,1 TUltraviolet absorption spectra of coumarins :

I "Methyl:substituted 7-hydroxy and 7-methoxycoumarins e

Tables (U 3.01 - U 3.07) give ultraviolet absorption
data for coumarin, 7-hydroxy and 7-methoxycoumarins and
methyl substituted 7-hydroxy and 7-methoxycoumarins in
methanol and aqueous methanol and Table (U 4,01) summarises

the values of )\m%//and 1oé6..

Coumarin in methanol solution has two maxima, the
first at 274 my, , the second at 311 my.. In 10 % agueous
methanol and in water over pH range 7~-1 the first maximum
is shifted slightly towards\langér wavelength side to
278 my, the value of log€ is essentially same, The second
magimum 1s over the range 300-312 my, the value of log € is
some what higher,

When the -0H group is substituted in 7 position in
coumarin nucleus, in methanol solution the first maximum of
coumarin is shifted from 27% to 25h"mg and the value of ™
log ¢ is decreased from 4,03 to 3,41, while the value of
second maximum is increased from 311 to 325 my and the value
of log € 1s increased from 3.7# to h.ié. This suggests that
substitution of -0H group in coumarin nucleus markedly

changes the ultraviolet absorption values,

When methyl group 1s substituted in 7—hydroxycoumar;n
nucleus the value of )\m, the observed maximﬁm is decreased
by small amount when the substitution is in 4 position and |
increased by a small amount when the substitution is in 5 or

8 position, The value of log€ 1s also changed only by =2
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a small amount,

It appears that the substitution of methyl group
causes only a small change in the value of \m and loge
The results given in table (U 4,01) also suggest that when
the hydroxy group 1s converted to methoxy group thé value
of Xm -i§ decreased only by a small amount (about % my)
and the value of log ¢ 1s altered b& small amount only,
When the solvent is changed from methanol to 10 % methanol,
the values of Am and log& are either almost same or

changed by a small amount,

It appears that the change in solvent-solute
interaction accompanying the change in dielectric constant
of the medium, when the solvent is changed from methanol to
10 % methanol, has relatively small effect on :ultraviolet

absorption of the coumarins studied,

IT TIrisubgtituted hydroxy and methoxycoumarins :

Tables(U 3,08 - U 3,12) give ultraviolet absorption
data for trisubstituted hydroxy and methoxycoumarins and
table (U 4,02) summarises the values of Am and log€ .

In methanol solution of 5Ahydroxy—%-methylcoumarin;
the first maximum of coumarin is shifted from 270 to 250 my
and the second maximum is shifted from 311 to 296 my. On a
substitution of methyl group in 7 position in 5;hydroxyah-i
methylecoumarin, the first maximum is not observed and the
value of second maximum is increased by small amount to

302 - 30% my.
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If a «0H group is substituted in 7 position of
5-hydroxy-4-methylcoumarin nucleus, the first ﬁaximam appeared
at 256 my and second is shifted to 322 my, The substitution
of methyl or hydroxy group in 7 position in 9-hydroxy-i-
methylcoumarin does not change the wvalue of log ¢ significantly,

For 7-hydroxy-t-methylcoumarin the first maximum of
coumarin 1is not observed, the second maximum is shifted to
322 my, When a methyl or hydroxy group 1s substituted in
8 position, the value of second maximum is practically same
and the value of log € 1s alsc changed by small amount,

In 7,8-dinhydroxy-t-methylcoumarin the first maximum is
observed at 260 my, but for 7-hydroxy-'+,8-dimethylecoumarin |

the first maximum is not observed within the range studied,

bn conversion of hydroxy group into corresponding
me thoxy grouﬁ for these hydroxycoumarins, the value of Am
is ei@her essentially same or decreased by a small amount
(4=6 my) and the value of log ¢ is also changed by a small

amount,

The change of solvent from methanol to 10 % methanol
either makes no change or changes by a small amount in the

values of Am and logt

The change of pH from 7-1 has noti measurable effeet
on the ultraviolet absorption of the coumarins mentioned in

l

this and the previous section, ,

The ultraviolet absorption data provide a convenient
and reliable method for the estimation of coumarins in dilute
solution and this procedure was used for the estimation .in

further work,
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IITI Coumarine = carboxylic acids :

Tables (U 3,13 and U 3,1%) give the ultraviolet
absorption data for 7-hydroxy-4-methylcoumarine6-carboxylic
acid and 7-hydroxy-t-methyleoumarin-8-carboxyliec aeid and

table (U %,03) summarises the values of Am and log€¢

In methanol solution of ?-hydroxy-‘-methylcoumarin
‘the two maxima of coumarin are replaced by one maximum which
occurs:. at 322 my and the value of log € is 4,14, The resu;ts
in 10 # methanol over pH range 7-1 are not significantly
different, )

These results indicate that for 7-hydr oxy-tt-methyl-
coumarin the effect of change of pH from 7-1 in 10 % aqueous -
methanol solution is negligible, Also there is 1little effect
of solvent change'from methanol to 10 %4 methanol. |

When a -COOH group is substituted in 7-hydroxy-i-
methyleoumarin in 6 position, the value of Am is shifted to
the right by a small amount, the value of logt 1s practically

Same,

Change of pH from 0,5 - 7 makes relatively small
difference in the value of Am and log ¢ .,

When a -COOH group 1s substituted in 7-hydroxy-lt-
methylcoumarin in 8 position the first maximum appears at
266 my and the second at 330 me In aqueous medium at lower
PH the value is practically same, when -COOH is substituted,
in 8 position, There is no effect on first maximum on change
of pH from 0,5 - 7. Vaiue of second maximum is slightly
increased from 326 - 330-32 my,
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~ One ppssible explatnation for the observation that
change of pH from 0.5 - 7 has little effect on ultraviolet
aﬁsorption of 7-hydroxy~h-methylcoumar;n~6~carboxy11c acid
and 7-hydroxy-i-methylcoumarin-8~éarboxylic acid may be that
the ultraviolet absorptionlof the Acid molecule and acid
anion may differ by a small amount ofily.

IV l-Hydroxy and “-methoxycoumarins :

Tables (U 3.15 - U 3,25) give the ultraviolet
absorption spectra of Y4-hydroxycoumarin, 4,5 3§ 4,6 and
4,7-dihydroxycoumarins and their corresponding methoxycoumarins
in méthanol and 10 % aqueous methanol at different pH, The
table (U 4,04) gives the values of wavelength and extinection
coefficients for maxima for the ultraviolet absorption spectra
of these coumarins, |

Effect of subsituent :

(a) In methanol :

In methanol solution for 4-hydroxycoumarin the two
maxima of coumarin at 27% my and 311 my are replaced by
three maxima at 270 my, 280 my and 302 my,

When a -0H group~i§‘substituted in Huhydrcxycoumafin
in 5 position, the three maxima of 4-hydroxycoumarin are
replaced by one maximum: -at 292 my., When a «0H group is
substituted in ¢16 position in “-hydroxycoumarin, the first
and second maxima of 4-hydroxycoumarin at 270 my and 280 mé
are slightly shifted towards right (about 6 my), whereas the
third maximum at 302 my is shifted to 320 my and the value of



Yeardn

48

log € for this maximum is markedly reduced by about 0.4,
When -0H group is substituted in 7 position in Y-hydroxy-
coumarin, the first maximum is not observed and the second
and third maxima are increased by small amount to 28% my
and-30% my. The value of log ¢ at third maximum is higher
than that for W~hydroxycoumarin,

(b) In 10 % methanol at low pH :

'In 10 % methanol at low pH, the value of )m are
either same or are increased by small amount (about 6 my)
as compared to those in methanol, The value of log& is

changed in some cases.

For L4,6-dihydroxycoumarin at the second maximum
there 1s a shoulder at about 282 to 286 my. "~ i= v il

The observation that the values of Am is lower in
methanol than that in 10 % methanol at low pH in some cases
may be attributed to the decrease in solvent-solute interaction ﬂ

due to decrease in dielectric constant,
(c) In 10 4 methanol at high pH :

When pH of the aqueous methanol solution is changed
from lower to highér value the first maximum is not observed,

the second and thrid maxima are shifted quite markedly;

In 4,5~ and 4,7—dihydroxyc§umarins, the maxima are
' decreased by a small amount, In case of W,6-dihydroxycoumarin
the first maximum is not observed, the average wavelength of
the shoulder replacing the second maximum of 4-hydroxycoumarin
is somewhat increased. The Mm at the thind maximum is

markedly decreased from 326 my to 296 my and corresponding
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value of log ¢ is increased about 0.3,

On comparing the values at high pH in aqueous
methanol, W-hydroxycoumarin has two maxima at 286 and 29% my,
When -0H group is substituted in 5,6 or 7 position the .
wavelength of méximum is changed by a small amount by about
4 to 8 my, except that for 4,5-dihydroxycoumarin the
maximum at 286 is not observed, The value of log € is almost

same or changed by small amount,

Effect of conversion from hydroxy to methoxy :

(a) Dihydroxy to dimethoxy :

When 4-hydroxycoumarin is converted to 4-methoxy-
coumarin in methanol solution and 10 % methanol all the
three maxima are shifted slightly (™~ 4=5 my) towards left
and the log £ values are higher than that of h—hydroxycoumarin

by a small amount,

When %,5-dihydroxycoumarin is converted to 4,5-
dimethoxycoumarin, in methanol the maximum is shifted from
29% to 286 my, but in 10 % methanol the maximum is 292 my,
log { value remaining almost unaffected or slightly higher,
In case of 4,6~ and l%,7--dimethoxycoumarins also, there is
little shift of maxima toﬁar&s left as compared to the

dihydroxycounmarins,

In all the methoxy and dimethoxycoumarins there is

no affect of pH.
{(b) One group conversion s

When second -CH group in 5 and 7 position in 4-hydroxy-

coumarin is converted to methoxy group, the value of :Xm is
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not significantly changed in methanol solution, log€ is
either same or changed very slightly. When the 6-hydroxy
-group in k-hydroxycoumarin is changed to methoxy, the first
maximum is not observed in methanol soclution, the second
and third maxima sre same or slightly decreased, the log¢ |
values at these maxima are slightly higher than those of

4, 6~dihydroxycoumarin,

In 10 % methanol at relatively low pH the conversion
of hydroxy group in the benzene ring to methoxy group does
got apﬁear to alter véiuéyéf )&m siéﬁificéﬁtly and the same
is valid for values of Am in 10 % methanol ak relatively

high pH,

Table (U %.05) gives the values of invarient
wavelength of 4-hydroxycoumarins, At these wavelengths the
ultraviolet absawtion is independent of pH over the range
7-1, UW-Hydroxycoumarin has invarient wavelength at 315 my |
and this reduced to 304 and 306 my for 4,5~ and %,7¢dihydroiy-
coumarin and is further reduced to 280 my for 4,6é-dihydroxy-

coumarin,

The hydroxycoumarins may be considered as very wesak
acids, such as phenols, but the 4~hydroxycoumarins are
relatively more acidic than the other hydroxycoumarinsy the
former may be considered practically unionised in the pH
range 7 to 1, but the latter may be considered to “he lonised
to some extent In aqueous alcohol used as solvent (1u41), Tﬁe
decrease in the pH of the solution will decrease the degree
of dissociation and hence the ultraviolet absorption depending
on the pK of the acid and the difference inm the ultraviolet



LR

| ﬁ R
absorption of the acid anion and the undissociat%g‘ae%/”S%{;)g s
molecule, Hence, when the pH is reduced from 7 te 1, =i . 4[
values of A and log¢ for maxima for ultraviolet absorption
may vary measurably at first and then at low pH depéndinét

on the pK of the acid the ultraviolet absorption should
become practically constant, At the invarient wavelength,
the value of log € for ultraviolet abserption is not affected
by pH in the range 7 to 1, Thesd data ﬁrovides a convenlent
method for the estimation of 4-hydroxy substituted coumarins

in dilute solutions of pH in the range 7 to 1.



4 5.2
SORPTION EQUILIBRIUM STUDIES



102

*epoaeg ¢(G96T) sTsoylr*q'ud ‘Tejed*req*ad =

Iej~g=HO~{

8°ST 6°61 0°0e IeK=g=0eK~{ 9°9 00T 4°0T
T°€T 0°91 9°91 IoH=G=0oK~/ 1°9 (47 0°6 IeR~G=HO~L
1°4 €T 0°6T  IeH=y=0%K=/ 0°4 Lo T°TT  IeH=H=HO"L
(27 1°6 S*1t I0eK~, - - 0°'s IHO=L,,

/ - punodwmo) ] vaswwmmmr
W 8X +X e 8X X = upsey

pogp—

*Toueyjem snoenbe ¢ OT UF WI0F JH ur
ufsed {3 TA SUFIBWNOIAXOY] o=/ puB AXOIpAy=/ peogngtasqust «TAyjel I0J g JO sonlep
To'H © e19%1



oY

*epoaeg ‘(G96T) STseyL*q'ud ‘T101Bd°L°Q*ad ***
‘epoaeg ¢(896T) STSOUL G'Ud ‘IIBWE ¥ U'IQ
*epogeg ¢(696T) sTSoUL* @ Ud ‘opTep’ S HIq *

- - - - - - L°TH  IHO=L=SHTP=§‘w,
0°62 owmm © 0°9t IOSH~/=eNTP*g‘H - - ®°61 Hmo&..mz%om.f
*4 €6  g°TT IOSHTP=§‘L=oK—q - - 8°q  IHOTB-B‘l-oW—4, .
AL st §°LE IOGHTP=4‘S~0R=h - - 20l IHOTP=(‘S=8H=#
1°4 13T 4 0°ST = IOGK={=8H=H 04 L% T IHO=, =oji=k
mmﬁoaabo ) } | ) ) vngbnsomr
2TX 8x X 2TX 8x X = uysey

po— Mot

*Toueyjew snosnbe ¢ 0T uf wIoj
JH UT UFsex yj A sutIeumooAxoyjewm pue AxoapAy peingyaeqnsidy I0F € Jo seunyep
20°H & O1qeyl



Table E 4,03

Effeet of crosslinking on B for coumarin earboxylic acids
vith resin in B form,

NEEI ~ Resin = X4 X8 xi2 "X16
Compound Solvent
7=0H-U=Mel 104 MeOH 11,1 57 4,0 2,9
VwQHwltwMe I w6 N/100 HC1 - 8,2 6,5 6.1 5.8
COOH
7=0H=twMe] =8 ° 5,0 3.6 2,9 2.
CooH .
7=0B=Y=Mel-6- N/10 HC1 - 9,0 8.3 8.1 6.0
COOH B ‘
7=0Hwl4=MoT=8- " 7.5 G4+ W0 3.1
COOH s

Table B %.0%

?alues of B for methoxycoumarins in 10 # aquecus methanol,

Resin = X X8 x12

Compound

M Me0I 11,0 - -
L, 5-diMe0l 11.7 10.6 8.5
%, 6-diMeOT 16,0 20,0 13,0

*1., 7-41Me0T 20.2 - -

* Dr.M.J.Mehta, Ph.D,Thesls {1968) s Baroda,
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Table B 10-,_05

Values of B for Y4eme thylcoumarins with resin in H' form in
10 % aqueous methanol,

.y e WO

" Resin = Xk X8 12 X16
Compound
*yattel 9.4 - - -
YeMe~5~0HI 12,8 6.6 503 5.0
l*-“@—&OHI 8.0 l"‘o? 306 )"'00
4~Me-7-0HI 11,1 5.7 %,0 2,9
Yuiemb=Me0I 14,0 9.6 7.1 6.3
Yo Mow 7-Me 01 15.0 14,3 12,0 -
%, 6=diMel 17.7 11.7 9.3 8.2
%, 7=-d1MeT 20,0 15.0  10.9 9.k

* Dr.,M,J.Mehta, Ph,D.Thesis (1968), Baroda,

Table E 4,06
Values of B for some substitnted coumarins with resin X4 with

different counter ions in 10 % aqueous methanol,

.

Compound SaQHalt=MeT  6=0H-"-MoI 7= Halt=Me I
Counter ion |
: i 12.8 8.0 11,1
Anilinium 17.1 7.7 16,0
Me~anilinium 15.0 13.3 13.3

_ DiMe-Anilinium 26,6 11.2 16.0
Et-Anilinium 21.6 13,1 17.1
DiEteAmmonium 18.3 10,0 12,0
TriEt-Aimmonium 13.7 9.0

10,0

-y~ -
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4 £,2 Sorption equilibrium studies of coumarins :

The sjnthetic ion exchange resin consists of an
irregular, macromolecular, three dimensional network of
hydrocarbon chains to which ionogenic grours .dre dttachdd and
the surplus electric charge is balanced by mobile counter
ions, The hydrocarbon network is hydroph@bie, but the
ionogenic groups are hydrophilic, Hence, when the resin
particle 1s placed in water, it sorbs water and swells to
1imited extent, The amount of water sorbed and the extent
of swelling depend on the degree of crosslinking, X and the
counter ions, If the external solvent contains a non-
electrolyte, it is also sorbed to a certain extent and
after some time a state of equilibrium is reached. The
amount sorbed will depend on several factors, which include
the London (dispersion) interactions, the dipole-dipole
interactions, the relative sqlubility of the solute in the
medium inside and outside the resin particle, the solvent
uptake and the volume of the swollen partiecle, the equilibrium
concentration of the solute in the external solution and
the temperature, Besides these, there may be specific

interactions in a particular system,

A sorption equilibrium study involves three substances
the resin, the solvent and the solute, For the resin, the .
variable may include the mafrix structure, the relative deéree
of crosslinking, the type and the acid or base strength ofg
the ionogenic group, and the charged, shape, size and the |

hydration of the counter ions, The solvent may be aqueous,
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mixed or organics it may be polar or non-polar and have
different dielectric constant and the solvation of lonogenic
groups and the solute molecules, ,Fbr the scolute, the
variable may include the shape,,sizé, polarity and the
relative solubility in the medium inside and outside‘the

resin particle,

/The amount of solute sorbed per unit capacity of
the resin at a given temperature, will hence, be determined
- by the overall effect of the variables on the sorption and
a complex behaviour is to be expected, Hence, a study of
one variable at a time may provide towards better undergtanﬁing

of the phenomena,

The sorption equilibria of coumarin and substituted
coumarins with sulfonic acld cation exchange resin of degree
of crosslinking from % to 16 in aqueous aﬁd aqueous methanol
solution with or without hydrochloric acid were studied. The
resin Dowex 50W is styrene divinylbenzene copolymer based
sulfonic acid cation exchange resin in hydrogen form, |

The sorption equilibrium studies of coumarins were
carried out at room temperature, since the small variation
in temperature did not make substantial change. From the
initial concentration Co and equilibrium concentration Ce
(in moles/litre), the values of S, the moles of the organic
solute sorbed per equivalent of the resin, were calculated

from the equation
cr.

Cr is the capacity of the air dried resin in equivalents pef
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litre of solution, The plots of S agalnst Ce were linear,
fig, (B 3,01) gives some illustrative plots and the slope
of these plots is defined as B, Tables (E 4,01 - E 4,07)
give the valu;s of B obtained in this way from data of
tables (E 3.01 - E 3.10).

The data indicate. that in most cases the sorption
of organic solutes as well as the slope of the plot of "B.
against X decreases as the degree of crosslinking increases,
This may be attributed to the decrease in the water sorption
of the resin with increase in degree of crosslinking., The
extent of decrease in the value of B with increase in degreé
of crosslinking may be considered to depend mainly on
relative contribution of two effects : the decrease in the
water sorption of the resin and an increase in the interaction
of the ﬁydroéarbon network of the resin and the organic
solute with increase in degree of crosslinking of‘thé resin,
It appears that the first effect is relatively more pronounced
than the second, leading to overall decrease in the sorption
of the coumarins with increase in degree of crosslinking,

The actual extent however may vary in some cases,

It is indicated that the value of B for the sorption
decreases with increase in per cent (by volume) of methanol
in the solvent, This may be attributed to the decrease in
the dipole-~dipole interaetioﬁs with decrease in the dielectric

constant of the solvent medium,

In the case of some of Y4-hydroxycoumarins and
coumarin carboxylic acids the value of B increases as the

pH of the solvent is reduced by the presence of hydrochloric geid,
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" - The hydroxycoumarins 1h general, may be considered
as very weak acidg, some Y.hydroxycoumarins and coumarin
carboxylic acids are relatively stronger acids than the other
and for ﬁhese, the increase in the value of B may be
attributed to the decrease in the degree of dissociation at
low pH, The very weak acld coumarin should be almost
undissociated in 10 % methanol and hence, decrease‘in the
pH of solvent should have little effect on the value of B,
The extent of increase in value of B when pH is decreased
and the value of pH below swhich there is no fur ther
significant increase in the value of'B, should depend on
the relative pK value of the organic acids, However, the
possibility that othg: factors affecting sorption may also
be operative to some extent in some cases should not be

ruled out,

In general, it is also observed that the cqnversion‘
'of the hydroxycoumarin to the corresponding methoxycoumarin
increases the value of B by about one and half to two times,
which implies that the separation of the mixturesc fof :

hydroxycoumarins and corresponding methoxycoumarins may be

feasible.

Since relative contribution of the interaction
leading to sorption should depends on the nature and/or
position of group or groups, substituted in the coumarin
nucleus, it 1s likel& that the substituted coumarins may
exhibit relatively different sorption which may enable

separation of mixtures under suitable conditions,
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Tables (E 3.01 and B 3.02) give the sorption data
of 7-hydroxycoumarin, 7-hydfoxy-5-methylcoumarin, 7-hydroxy-
8-methylcoumarin and corresponding methoxycoumarins in 10 %
aqueous methanol on resins X4, X8 and X12 in H' fofm and

the value of B are summarised in table (E 4.,01),

The substitution of methyl group in 4,5 and 8 position
in 7-hydroxycoumarin increases the value of B to about one
and half to two times, The same is valid for the corresponding
methyl substituted 7-methoxycoumarin, The position of a
methyl group has~some effect on the value of B, but this is

relatively small,

Values of B in table (E 4,02) indicater that when a
hydroxy group is substituted in 5 position in 7-hydroxy-i+-
methyleoumerin nucleus, the value of B is increased by about
one and half times, but when -0H group is substituted in
8 position the value is decreased to about half, The value
of B for 5,7-dihydroxy-i-methylcoumarin is about three times
that of 7,8-dihydroxy-t-methylcoumarin, When a methyl group
is substituted in 7—hydroxy-4-methylcoumarin\in 5 position
the value of B is increased about four times and when the
methyl group is substituteﬁ in 8 position the value is
increased by about two times, The value of B for 7-hydroxy
%, 5-dimethylcoumarin is about twice that of‘7—hydroxy—h,8—v

dimethylcoumarin,

The value of B when a méthyl group is substituted in
5 position in 7-hydroxy-l-methylecoumarin is about three times
the value of B that when -QH group is substituted in the 5
position., When this substitution positionc is .8 the ratio is
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about four, When a methoxy group is substituted in this
position in 7-methoxy-b-methylcoumarin, the value is decreased
significantly, Hence, a substitution of ~0H group in
.7~hydroxy-h—methylcoumarin nucleus in 5 position increases,
but in 8 position decreases the sorption, The substitution
of methyl group in 7—hydroxy~hwmethylcéumarin nucleus in

5 or 8 position increases the sorption, but the increase

is less for 8 position than that for 5 position.

The value of B for 7-hydroxy-l-methylcoumarin~é-
carboxylic acid and 7-hydroxy-k-methyleoumarin-8-carboxylic
acid are summarised in table (B 4,03), The values were too
low to be measured in water solution., The value of B for
7-hydroxy-t+-methylcoumarin in 10 % aqueous methanol is 11,1
and it should be higher if the solvent could be water, Hence,
the substitution of a -COOH group in 6 or 8 position decreases
the sorption, but the decrease is relatively less when tﬁe
positon of substitution is 6 than when it is 8, Thus the
sorption of 7;hydrcxy-b-methylcoumarin~8-carboxylic acid is:
lower than that of 7-hydroxy-%-methylcoumarin~6-carboxylic acid.

When a methoxy group is substituted in Y-methoxy-
coumarin nucleus (table E 4%,04), the value of B increases by
about one and‘half, two and three times when position of
substitutions:.are 5,6 and 7 respectively, The order of
sorption is

Y-Me0 < 4y5=diMeC < U,6-diMe0 < 4,7-diMe0
When a ~0H group is §ubstituted in Y-methylcoumarin the value
of B (table E 4.05) of Y4-methylcoumarin is increased somé what

when the substitution is in 5 or 7 position and some what
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decreased when the substitution position is 6,

The value of 5-hydroxy-t-methylcoumarin is somewhat
higher than that of 7-hydroxy-i-methylcoumarin, It appears
that the substitution of hydroxy group in Y-methylcoumarin
in 5,6 or 7 position makes relaﬁively more difference ;n the
value of B, The value of B for Y-methyl-7-methoxycoumarin
is somewhat higher than that of k-methyl-é-methoxycoumarin,

The substitution of a methyl group in #—methylcouﬁarin
in 6 or 7 position increases the value of B to.about one and
half to two times. The value for substitution in 7 position
is higher than that for substitution in 6 position, When the
hydroxyl group in h;m;%hylcoumarin is replaced by‘mathyl
group the value of B beéémes almost twice, When there is
substitution in 6 or 7 position in t-methylcoumarin nucleus
the value of B for methoxy is some-what less than that for :
methyl,

The difference in sorption as indicateé by the values
of B suggests that separation of mixtures including some of

position isomers should be feasible under suitable conditions,

Table (B 3,06) gives the data for the sorpticn of
5—hydroxy-h-methylcoﬁmarin, é~hydroxy-4-methylcoumarin and
7-hydroxy-t+-methyleoumarin with resin X with different
o;ganic counter ions, in 10 % aquéous methanol solution, The
data indicate that the sorpticn is significantly increased‘
‘'in some cases as compared to that for resin in -4 form,

The order of sorption ’is

5=0H~li=MeI 2 7-~0H-l-MeI > 6-QH~lt-MeI
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The extent of increase in the sorption depends on both the
organic solute in solution and organic counter ion of the
resin, In some cases a differenceiin the sorption of the
isomers as indicated by B value is significant and 1s of

interest,

Table (E %,07) gives the results for W-hydroxy-3-
methylcoumarin and 4-hydroxy-6-methyleoumakin with resins
X, X8, X12 and X16 in 10 % agueous methanol, 10 % methanol
in N/100 hydrochloric acid and 10 % methanol in N/10

hydrochloric acid as solvent, .

It is observed that the sorption is higher when the
methyl group is substituted in 6 position than : 1when it is
substituted in 3 position in h-hydroxycouméfin. The sorption
of both isomers is higher than that of coumarin, The
relative values suggest that separétion of these two

isomers should be feasible,
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COLUMN STUDIES



- Iable B 4,01

1635

Column elution of substituted coumarins:on column A using
10 4 aqueous methanol as solvent and eluent,

° Compound

Elution Range

Ve QX G B,

1, 7-0H=W=MeI

2, 7-=0H=5-Mel

3, 7=0H-8=Mel

%, 7,8«-d10H~4~MeI
5. 5,7-d10H-¢=MeI
6, 7-0H-Y%,8-diMel
7. 7-MeO=H-MeI

8, 7=MeQ=5-Mel

9, 7=-MeQ-8-Mel
10, 7,8-diMe0<lt~Mel
11, 5,7-diMeO-t=Mel
12, 7-#e0-%,8-diMel
13, 7-0H-%,5~-d1MeI
14, 6=0H-Y%-MeI

15, %,6=-diMel

16, 4,6-diMe0I

17, Y%,5-d1Me0T

14-22 7 LS iy
17-26 zo.s 23y Gl
"16=25 zo¢ 14 10:7
\"8-13 10,3 2 4.9
2135 7w 2
2440 30 RS
284k 15 ’ AN
32-46 37 2.8 A
o ¢z . 20.70
ig-;j}l 22 12
68-97 77 2 /.5
53-'7’4' 69 Le 35
71-95 ~ So 0 Y75
11-18 fe iy 8 &
21—35 27’ ¢ IRy //":/1 s
31-53 ¥z, .{ig?
20-37 272 IR P

Table R 4,02

Column elution of some coumarins on column A,

Solvent = 20 % MeOH 30 4 MeOH 40 % MeOH
Elution Range

Compound

7=0H=4, 5=diMeI 45-61 22-33 -

5-0H-l, 7-di Mel 2434 11-18 -

SeMeO=lt, 7=diMel 37-50 15-26 7-12

o hd
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Table R 4.03

Column elution of M4-hydroxycoumarins on column A

- -y i

Compound E.R. 10%W 10%Wp Pp K

Solvent « 10 4 Methanol

L, 7=-d10HI 8-18 4,73 4,03 85  0.17
4,6-d10H1 7-16 3,02 2,82 93  0.07
Y0QH=-"7-Me01 13-23 3.6 2,84 82 0.22
4eQH~6=Me0I = 13-25 5.67 4,81 85  0.18
YwQH=5-Me0T 15-2% 3.22 2,92 91  0.10

Solvent : 10 % Methanol in N/100 HCl

4, 7-d10HI 819 5.00 4,22 85  0.17
Y, 6=d10HI 12-24 3.16 2,9 92 0,08
4, 5-310HI 9417 3.10 2.43 78 0.28
%~ QH-7-Me0I 16-31 5.00 4,82 95  0.05
4= OH=-6-Me 01 25-43 2,53 2,38 9 0,06
Y4-0H~-5-Me0I 17-27 4,50 k.25 M 0.06

Solvent s 10 4 Methanol in N/10 HCl

4.0HI 12-19 3.9% 3.5% 90  0.1%
%, 7-310HI 8-21 3.73 3.29 88 0.13
L4, 6-d10HI 12-27 3.12 3.06 98 0,02
4, 5-d10HI 11-24 4,21 3.25 77  0.29
4 OH-7=Me0T 13-3% 3.k49 3.42 98  0.02
4~QH=6-Me0I 27-42 1.70 1.68 99 0,01

4w0H-5-Me01 1628 3.65 3.57 98 0,02




Table R 4,04

o
o 20
-3

Column elution of 7-CH-l-MeI-6-COOH and 7-OH-4-MeI-8-COOH.

Compound . 2=QH~4-MeI=6-CO0H 7-0H-k-MeI~8-COOH

Columm Solvent

Elution Range

A N/100 HC1 9 - 18
A N/10 HCl 1% - 22
A N/2 HC 15 - 22
B N/100 HQ1 1% - 21

15 - 25
21 - 3%
23 - 32

26 - 34

Table R %.05

Column elution of ortho-, meta-. and para-nitrotoluenes on

column 4,
Compound ortho meta para
Solvent : Elution Range
Resin : Sowx4+ HY form.
Water Y5.79 53«91 50=7%
10 % MeOH 37-55 41-63 39-59
10 % MeOH in N/100 HC1 38-58 43-65 40-60
10 £ MeOH in N/10 HC1L 39-60 42.65 40-61
%0 % MeOH ° .. 13-19 14%-20 13-20
10 % MeOH in N/100 3453 37-60 45k
n-caprolc acid

10 % ter.,butanol . 41.58 4565 42.58
Resin : 50wX4 NH,® form.

34-59 32-53

10 4 MeOH 31-51 °

lt
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% 4,3 Column studies of coumarins :

I _ . .
Tables (R 3.01 - R 3,08) give column elution data

for substituted coumarins in 10 % aqueous methanol and the
results are summarised in table (R 4,01), -

The results are in general, as may be expected from
the Valpes of B given earlier. As the value of B for a
compound increases, in general, the break-through volume
increases and the elution band becomes broader and reduced
in height, The increase in the column lengths increases
break-through volume and the number of samples containing
the solute, but the relative separation is improved,

The results with agueous methanol show that as the
per cent content of methénol is incregsed the break-through

volume and number of samples containing the solute 1s reduced,

but the relative separation is adversely effected,

Results’suggest that separation of mixtures including
those of position isomers should be feasible and some
separations are presented as illustrations, Tables (R 3.09 -
R 3.16),

The result of this study provide a useful and
convenient technique for separation of mixtures including
those of position isomers,
II. ] :
Pablas (R 3.17 - R 3.20) give the column elution ruﬁs
for 7-hydroxy~h—mgthylcoumarin-é—carboxylic acid and 7-hydr§xy~

Y.me thylcoumarin-8-carboxyliec acid,



The results are in general, consistent with the

remarks made above,

Tables (R 3.21 and R 3,22) give the runs illustrating
the separation 6f 7-hydroxy—hfmethylcoumarina6-carbOXY1ic acid
and 7-hydroxy-l-methylcoumarin-8-carboxylic aecid,

111, .
4,7-dihydroxycoumarin was recrystallised three times
and its melting point was checked.

Table (R 3,23a) gives the data for the run in water
as solvent and eluant, After the elution of the first band
from sample No, 32 the eluant was chaﬁged to 30.% aqueous
mekhanol and the run was continued and the effluent wags

collected in one sample of 1200 ml,

The data indicate that unlike other coumarins studied
earlier, the elution is in two bands, The first -band is
from sample No. 19 to 30 and contains 82 & of the coumarin
sorbed, the second band was eluted with 30 %4 aqueous methanol
~containing rest of the coumarin, This implies that 4,7-
dihydroxycoumarin 1is resolved into two components, the first

containing 82 % of the compound,

Table (R 3.24) gives the data of elution run for
4, 7-dihydroxycoumarin in 10 % aqueous pethanol as solvent and
eluant, In the first band 85 % of the material was eluted
out, frém sample No., 22 eluant was changed to 36 % aqueous
methanol and the rest of the material was eluted out, Hbré
again, the elution indicates that the elution is in two bands

indicating that the compound is eluted in two components,
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In the next run 100 ml, of sample Nos, (peak) from
the previous run were taken and sorbed on the column as usual
and the run was earried out with 10 4 aqueous methanol., The

elution pattern was similar tc that given for above runs,

The pH of the original solution was reduced to a pH
of approximately 0.5, The pH of a cut from the first band
of the run given in table and of a cut of second band(table
‘R 3.24) was reduced to approximate pH 0,5 by adding
hydrochlbri? acid and the ultraviolet absorption was measured

from 250 ~ 350 my and the spectra was found to be similar,

The run given in table (R 3.24) was repeated, 100 ml,
of 4,7-dihydroxycoumarin was first sorbed on the column as
usual and the column was allowed to stand for two days and
then the elution was carried out with 10 4 aqueous methanol,

The result was similar to that given in table (R 3.24),

Table (R 3.23¢) glves the elution run for 4,7-dihydroxy
courarin in 30 % aqueous methanol as solvat and eluant as follows,
The run indicates two bands implying agaln that the elution
is of éwo component system, The f;rst may be considered to
be between 4-10 containing about 89 % of the eluted material‘
and the second to be between 9-18 containing rest of the

material,

The above data indicate that %,7-dihydroxycoumarin ' is
resolved into two components during the elution, The major
part of the solute being in the first band, The elution 1is
faster with 1ncrea§e in per cent methanol content in sol%ent.

The spectra of the two components eluted were similar when a



Z i
i 1
cut from first band was rechromatographed, as in the above

run, it again resolved into two similar bands,

The above observations are consistent with the
suggestion that JM-hydroxycoumarins-exist in solution as a
mobile equilibrium between coumarin and correspending
chromones (164, 165). Accordingly, 4,7-dihydroxycoumarin in
solution exists in mobile equilibrium, which is attalned
fairly rapidly between h,?-dihydroxycoumarip (1) and 2,7~

R, TR O G P e B )

" dihydroxychromone (2)

Ho N " on

Qo
=
Q=

The relative amounts of the two components in equilibrium

may depend on the solvent medium and the temperature,

The similarity of the ultraviolet absoprption spectra
of samples from first and second bands and the resolution
of a sample from first band again into two bands, when it
was rechromatographed in the same way as in run (R 3.2W)

support the above suggestion,

Iv,

Table (R 3.29) gives the elution run for 4,5-dihydroxy-
coumarin with 10 % methanol in N/100 hydrochloric acid as
solvent and eluant, After the first band was eluted out

the column was washed with 30 % aqueous methanol to elute
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the remaining material and then was conditioned with solvent

td be used for next run and then next run was carried out,

The run carried out in this way.are given in tables

(R 3.28 = R 3,30)., The table (R 4%.03) summariseg/tﬁg ////
values of E.R,, Py and K, It 1s observed that the amount ;
eluted in the first band may depdnd on the pH of the solutiop/ '

. / Pl

and on the position and nature of the substituent in the /
coumarin nucleus, In some cases the value of PF is almost

100,

When a methyl group is present in the'h-hydroxy-
coumarin nucleus, the value of Py is almost about 100, but
in case of some of the dihydroxy and hydroxy-methoxycoumarins
the P, may be as low as about 80, It appears feasible to
regard thétﬁehydroxycoumarins in solution to be present as
h.hydroxycoumarin in mobile equilibrium with corresponding
2-hydroxychromones, The equilibrium Y-0Hcoumarin g§é2-OHA
chromone being falrly rapidly attalned, The equilibrium
constant K is given by A

W - W?

K - T~ 2B

W
The values of K calculated in this way are ineiudéd in

table (R 4,03). -

The relative amounts..’of coumarin and corresponding
chromone determining the equilibrium constant may vary with
composition and pH of the solvent as well as the nature and

position of the substitudnt in the 4-hydroxycoumarin nucleus,

The columrun hence, should provide a reasonable

value of the relative amounts of 4-hydroxycoumarins and



corresponding 2-hydroxychromones in solution in equilibrium

and thus provider some idea of equilibrium constant,

Some hahydroxycoumarins with PF almost 100 and which
form the component to be eluted out in the first band were,
tried for the separation and some of the mixtures are given

in tables (R 3,31 and R 3,32) as illustration.
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NITROTOLUEUNES
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4 B,1 Ultraviolet absorption spectra of nitrotoluenes :

Tables (U 3,26 - U 3.28) give ultraviolet absorption
data for mono nitrotoluenes in water, aqueous methanols and
methanol solution and the values of Jm and log ¢ are
summarised in table (U %,06),

In water o-nitrotoluene has maximum at 265 my,

the value of log¢ 1is 3.683 for m-nitrotoluene the value of

?\m and logt are increased to 273 my and 3,84 and for
p-nitrotoluene the value is further increased to 285 my and
3.,9%, The values are in the order

ortho < meta < para

At relatively higher methanol content the value of Rm is |
decreased and that oi" log € 1s somewhat increased, In
methanol the value of )m are reduced by about 8-12 my and
log & is increased by 0.04=0.1,

The decrease in the value of Am may be attributed

to the decrease in dielectric constant of the solvent and

hence decrease in solvent-solute interaction,

The values glven are in agreement with those given:

in literature in water and alcohols table (1.1l).

The literature values also support the observation
done that the value of \m is lower in non-polar solvents

than that in more polar solvents,

The ultraviolet abéorption provides a convenient
method for the estimation of nitrotoluene in dilute solution

and was used in sorption studies,
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4 B,2 Sorption equilibria of mono nitrotoluenes :

The sorption of three mono nitrotoluenes was studied
wvith Tesin X% in H' form in aqueous solution, The sorption-
isotherms obtained by plotting S vs Ce had a positive slope
which increased with inereasing value of Ce, the equilibrium
concentration, This behaviour was rather different from

that described earlier, where S vs Ce plots were lineér.

Fig. (B 3,02) gives the illustration of the type
of sorption isotherm obtained, The sorption of ortho and
para isomers were practically same and that of meta only
someyhat higher, indicating that the sorption of the three

isomers were not significantly»different.

In aqueous methanol solution the sorption decreased
as the methanol content of the solvent increasedy but here
again the sorption of ortho and para isomers was almost same,

and that of meta isomer was somewhat higher,

The sorption in 10 % aqueous methanol were almost .
same with or without the presence of hydrochloric acid '
(N/100, N/10), but the presence of n-caproic acid (N/100)
reduced the sorption to a small extent, The sorption
isotherms in 10 % ter. butanol (table E %.07) were on the
othef hand linear and the value of B given by the slope of
the plot of S vs Ce were : ortho = 8,2, paré = 8,6 and

meta = 10,0,

The sorption on the .NH,” form of the resin in 10 %
aqueous methanol solution was somewhat less than that on

H+ form,
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It appears that the mono nitrotoluenes can be
sorbed in agqueous or aqueous alcoholic solution by the
resin, but the relative sorption is not substantially
different and the extent of sorption decreases with decrease
in‘dielectric constant of the solvent implying that
alecoholic or agueous alcoholic medium should give fast

elution,
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% B.3 Column studies of mono nitrotoluenes :

Tables (R 3.33 - R 3.40) give the elution curve

for mono nitrotoluenes with resin Xk,

In these runs 25 ml., of the nitrotoluene solution
was sorbed on the columm and then after initial sample
equal to voild volume the effluent was collected in 25 ml,

samples,

Table (R %,05) gives the summary of the column runs
obtained, It is observed that the sorption of the meta is
somewhat higher than that of ortho and para isomers, the

sorption of ortho and para isomers is almost same,

The results indicate that the nitrotoluenes may be
sorbed on resin column and eluted out, the elution being
faster in higher per cent content of organic solvent in the

eluant,



