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ABSTRACT

This paper reports the synthesis of some new basic azo dyes obtained
by coupling diazotized 7-amino-3 4-dihydro-iso-carbostyril with N,N-
disubstituted anilines. The effects of phenol, as carrier, on the dye solubilities
and on the kinetics, diffusion coefficients, and thermodynamics of the dveing
of polyvester ( PET) fibre are also investigated.

At lower concentrations ( <02 mol/kg ), phenol acts as a dispersant of the
dye in the dye bath, whereas, at higher concentrations ( > 0-2mollkg ), it has a
greater influence on the desorption process.

INTRODUCTION

We have previously reported!:? data on the kinetic and thermodynamic
properties of azo disperse dyes for poly(ethylene terephthalate) (PET) fibre.
The presence of phenol as carrier allows dyeing to be effected at lower
temperatures owing to increase in the solubility of the dye and also because
of its influence on the fibre structure.

In continuation of this work, we now report the synthesis and the dyeing
properties on PET of some new basic dyes (I-IV) derived from 7-amino-3.4-
dihydro-isocarbostyril:
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(I R, =C,Hs; R, =H
(I) R, =R, =C,H;
(111 R, =C,H,OH; R, =C,H;
(Iv) R, =R, =C,H,OH

The kinetics of the dyeing process, thermodynamic affinities, and diffusion
coefficients have been measured at 75°C and 90°C at various concentrations
of phenol in the dyebath. Phenol was selected as a carrier because its
Hildebrand solubility parameter® (6= 14-5) is similar to that of PET
(0 = 10-7). The solubility of dyes I-IV in aqueous solutions has also been
determined for comparison purposes.

EXPERIMENTAL
Synthesis of the dyes

Dyes I-IV were prepared by diazotization of 7-amino-3,4-dihydro-
isocarbostyril (V) and coupling with the N, N-substituted anilines (VI). V was
synthesized by using the reaction sequence outlined in the Scheme, i.e.
involving:

(i) preparation of phenethylisothiocyanate (b.p. 95°C/0-5mm Hg) by
reaction of f-phenethylamine with carbon disulphide and ethyl-
chloroformate in aqueous solution of KOH;*

(i) cyclization of phenylisothiocyanate to 3,4-dihydrothioisocarbostyril
(m.p. 98-99°C) by AICl, and conc. H,So0,;*

(iii) oxidation of 3,4-dihydrothioisocarbostyril to 3,4-dihydroisocarbo-
styril (m.p. 65-66°C) by H,0, in alkaline medium;>

(iv) nitration of 3,4-dihydroisocarbostyril to the 7-nitro derivative (m.p.
229-230°C);*

(v) reduction to the 7-amino derivative by H, on Pd/C (m.p. 124-
125°C).°

Diazotization of V was carried out with NaNO,/HCI. The appropriate VI
(0-01 mol) was dissolved in an aqueous solution (100ml) containing
0-015mol of 96% H,SO,. After two hours, this solution was neutralized
with 10% aqueous NaOH, cooled at 0°C, and slowly stirred into the solution
of the diazonium salt. The resultant dye was filtered,- washed with water, and
dried. After dissolution in aqueous acid (pH 1) and reprecipitation with
saturated NaHCO; to a neutral pH value, dyes I-1V were finally crystallized
from absolute ethanol.
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Scheme 1

Dye I(R; =C,H;; R, =H). M.p. 232-235°C. IR (KBr) (cm ~!): 3360, amide
NH stretching; 3200, amine NH stretching; 1660, CO stretching; 1600, p-
disubstituted aromatic ring. Visible spectrum in N,N-dimethylformamide
(DMF) [4,,,, (nm); £]: 420; 19 800 *H NMR, DMSO-d, (6, ppm): 8-:30d, (Hy)
Js,6=2Hz; 801s (NHCO); 7-9-801dd (Hg) Je s=83Hz; Jg3=2Hz
71-7175d (Hy,Hg)), J56- =9Hz; 745d (H;) J5 =83 Hz; 6:7d (H;,,Hy)
J3s-=9Hz; 340 (CH, diethylamino group); 3-20t (CH,3)); 3-0t (CH,,));
1-20t (CH,;).

Dye II (R, =R, =C,H;). M.p. 232-234°C. IR (KBr) (cm~!): 2190, amide
NH stretching; 1660, CO stretching; 1600, p-disubstituted aromatic ring,
Visible spectrum in DMF [4_,, (nm); £]: 440; 20 600. 'H NMR, DMSO-d,,
(0, ppm): 820d (Hg) Jg¢=1Hz; 807s (NHCO); 7-89-7-86dd (Hg)
Jo.s=83Hz, Js3=21Hz; 7-80-7-77d (H,,Hg) J,.¢. =9Hz; 747-7-44d
(Hs) J56=83Hz; 6:83-679d (H;,Hs) J3.5.=9Hz; 3-45 m(CH,;, and
2CH, of diethylamino group); 297t (CH,,,); 1-15t (2CH,).

Dye III (R, = C,H,OH; R, = C,H,). M.p.=222-224°C. IR (KBr) (cm™!):
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3430 amide NH stretching; 3180 OH stretching; 1660 CO stretching; 1600 p-
disubstituted aromatic ring. Visible spectrum in DMF [4 ., (nm); £]: 445;
19600. 'H NMR, DMSO-d, (6, ppm): 820d (Hg) Jg ¢=2-1Hz; 8:07s
(NHCO); 7-89-7-86 dd (H) J¢ s =83 Hz; Jg s =2-1Hz; 7-80-7-77d (H,, Hg)
Jye=9Hz; 747-7-44d (Hs) J5 ¢ =83 Hz; 6:85-6:81d (H,.,Hs) J3.5, =9 Hz;
3-45m (CH,, and 3CH, of diethylamino group); 297t (CH,,); 1-14t
(CH,).

Dye IV (R, =R,=C,H,OH). M.p. 225-226°C. IR (KBr) (cm™'): 3360
diethylamino OH stretching; 3200 amino NH stretching; 1660 CO
stretching; 1600 p-disubstituted aromatic ring. Visible spectrum in DMF
[Apay (nm); €]: 445; 21700. 'H NMR, DMSO-dg, (6, ppm): 8-20d (Hy)
Js.c =1-8 Hz; 8-08 s (NHCO); 7-89-7-86 dd (He) Js s =813 Hz; J4 g = 1-8 Hz;
7-80-7-76d (H,,,H¢) J5.¢- =914 Hz; 7-48-7-44d (Hs) Js 6 =8:13; 6:88-6-84d
(H3.,Hs) J3.5,=9-14 Hz; 3-59 m (CH,3,) and 4CH,, of diethylamino group);
297t (CHyy)).

Kinetic and thermodynamic measurements

The dyebath contained 0-02 g of dye dispersed in 25ml of H,O and 1 gof a
commercial sample of PET in the form of continuous-filament yarn (30 tex,
T, 77°C). The amount of phenol (laboratory-reagent grade) used was
0-1-0-4 mol/kg of fibre.

Dyeing kinetics at 75°C and 90°C were performed as previously
described.® At suitable intervals, the quantity of dye adsorbed on the fibre
was determined spectrophotometrically after extraction with DMF. The
rate constants (k) were calculated by the rate law by using the least-squares
method:®

Cp=k/t (1)

where Cj, is the concentration of the dye on the fibre at time ¢. All the runs
were carried out in duplicate; the maximum error did not exceed 7%.

The values of thermodynamic affinity were calculated by the Vickerstaff
equation, eqn (2):’

—Ap= RTIn(Dg/Ds) ()
where Dy is the amount of dye adsorbed on the fibre and Dy is the amount of
dye dissolved in the dyebath. The — Ay values (kcal mol ~ ') were measured
after 24 h of dyeing at 75°C and 90°C.

The diffusion-coefficient values of the dyes on PET fibre were calculated
by Hill’s equation, eqn (3):”

C,/Cy, =4(D,/nr?)!/? 3)
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where C, and C, are the quantities of dye adsorbed at time ¢ and at
equilibrium, and r is the radius of the filament measured under the
microscope (r =0-109 mm).

The solubilities® of I-1V were determined at 75°C and 90°C in water, with
and without phenol. The precision of the measurements varies within +6%.

RESULTS AND DISCUSSION

The solubility values (S) of dyes I-1V in aqueous solution at 75°C and 90°C
are reported in Table 1, together with the corresponding rate constants of
dyeing (k), thermodynamic affinities (—Agy), and diffusion coefficients (D).

Solubility is clearly related to the presence of hydrophilic groups in the
dye structure. In fact, dye IV, which contains two OH groups, is the most
soluble, while dye II is the least soluble owing to the lack of hydrophilic
groups; dye III (one OH group) and dye I (one NH group) show intermediate
values. The solubility of each dye increases on increasing the phenol
concentration. The presence of carrier therefore, facilitates the dyeing
process, since only dissolved dye participates in the process:

Absorption
Dye(sohd) -~ Dye(soluuon) Dye(ﬁbre)

Desorption

Figure 1 shows the correlation between the solubility and the
thermodynamic affinity at 75°C without phenol and at 90°C with 0-4 mol/kg
of phenol. The greater the solubility of the dye, the smaller is its affinity
towards PET fibre.

Nevertheless, the affinity values also increase on increasing the bath
temperature, because of a plasticizing effect on the fibre, in spite of the
increased solubility. When the solubility goes beyond a limiting value, dye
desorption from the fibre counteracts the absorption process, so that —Au
values tend towards a limit (Fig. 2).

The dyeing-rate constants are also inversely correlated with the
solubilities. The dye with lowest affinity is the §,8-dihydroxy derivative, dye
IV, at both 75°C and 90°C, and dyes with greater affinity are dye II and dye
II1, depending on the temperature of the dyebath. The k values increase with
increasing temperature and show a maximum at 0-2 mol/kg of phenol (Fig.
3). This trend, already noted in the kinetic studies carried out in the
presence of carrier, may be ascribed to the competition of the desorption
process.

The diffusion coefficients behave similarly to the k values. In fact, the D
values increase with increasing temperature and show a maximum at
0-2 mol/kg of phenol. This indicates that the macromolecules of the fibre



TABLE 1
Solubilities (S), Rate Constants (k), Thermodynamic Affinities (— Ay), and Diffusion Coefficients (D) of Dyes I-1V at 75°C and 90°C at Various
Phenol Concentrations in the Dyebath

Dye Phenol 75°C 920°C
(molkg™1)
S k. 10? —An D S k. 10* —Au D
(mol/litre) (mmol (keallmol)  (mm?s™ ") (mol/litre) (mmol (kcal/moly (mm? s~ V%)
kg~ Ymin~ %) kg™ Ymin~11?)

1 00 43 31 219 11 60 34 342 31
01 — 43 2-39 1-8 — 52 2:43 32

02 44 61 241 31 63 9-8 2:64 32

03 — 4-6 2:42 14 — 62 2:66 12

04 52 24 249 02 11-8 50 270 04

1 0-0 06 56 271 254 08 63 299 258
01 — 60 276 204 Ce 65 316 76

02 06 -4 328 162 Il 131 329 74

03 — 91 329 80 — 117 329 68

04 06 2-8 3-30 08 14 71 3-31 32

I 00 10-4 35 0-63 42-8 144 87 068 1380
01 — 40 0-86 222 — 10.6 091 1050

02 10-7 69 143 11-1 18-8 217 145 959

03 — 61 1-43 81 — 212 1-45 90-4

04 11-3 4-9 1-44 52 20-3 160 1-52 42-8

v 00 650 16 0-01 12 116:0 17 004 06
01 — 1-8 002 14 — 20 0-06 0-8

02 859 29 006 19 1550 3-8 1-03 25

03 — 24 007 1-3 — 2-8 1-37 12

04 90-1 23 0-14 09 182-0 2:6 015 1-0
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Fig. 1. Correlation between solubility and thermodynamic affinity at 75°C and 90°C
without and with 0-4 mol/kg of phenol. Dyes: I (@), 11 (O) MI(O), IV (m).
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Fig. 2. Plot of thermodynamic affinity of dyes I-IV versus phenol concentration: (a) at
75°C, (b) at 90°C. Dyes: I (@), 11 (O), III (OJ), IV (M).
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Fig. 3. Plot of rate constants versus phenol concentration: (a) at 75°C, (b) at 90°C. Dyes: 1
(@), 1 (O), I (1), IV (M)

become more plastic and thus more suitable for an irreversible absorption of
the dye molecule up to a limiting value.

The dyeing process for PET fibre with dyes [-IV is thus strongly
influenced by the carrier. Phenol has a double effect, namely, at
concentrations below 0-2 mol/kg it is beneficial to the dyeing process owing

to solubilization of the dye and to its plasticizing effect on the fibre; at
concentrations above 0-2mol/kg, it has a negative effect, favouring

h S al Vol | 1 Y o) +1 Fal W
acsorpiion Of e ayce irom tne 1ore.

REFERENCES

—

. Arcoria, A., Longo, M. L. & Parisi, G., Dyes and Pigments, 6 (1985) 155.
2. Arcoria, A., Cerniani, A., De Giorgi, M. R., Longo, M. L. & Toscano, R. M., Dyes
and Pigments, 11 (1989) 269.
3. Ingamells, W. & Yabani, A., J. Soc. Dyers & Colourists, 93 (1977) 417.
4. Bose, A. K., Ram, B., Hoffmann, W. A., Hutchinson, A. J. & Manhas, M. S.
J. Heter. Chem., 16 (1979) 1313.
5. Girard, Y., Atkinson, J. G., Belanger, P. C., Fuentes, J. J., Rokach, J., Rooney, C.
S., Remy, D. C. & Hunt, C. A,, J. Org. Chem., 48 (1983) 3220.
. Longo, M. L. & Torre, M., Ann Chim., 71 (1981) 137.
. Cegarra, J., Puente, P. & Valdeperas, J., Tintura delle Materie Tessili. Paravia,
Texilia, Torino, Italy, 1988.
. Patterson, D. & Sheldon, R. P, Trans. Faraday Soc., 55 (1959) 1254,
9. Balmorth, D., Bower, C. A, Bullington, J. W., Guion, T. H. & Roberts, T. S,

........ 0" 10466\ ANK
J A)UL UVCIQ UL L,UlUuIl;)h), O& \ 170V} 94U,

~ N

e



