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Abstract: Novel mordent and disperse azo dyes were prepared by the coupling of

various diazo solutions of aromatic amines with 2,4-dihydroxybenzophenone. The

resultant dyes were characterized by elemental analyses as well as IR and NMR

spectral studies. The UV-visible spectral data have also been discussed in terms of

structural property relationship. The dyeing assessment of all the dyes was evaluated

on wool and polyester textile fibers. The dyeing of chrome treated (i.e., chrome

mordented) wool and polyesters was also monitored. The results show that a better

hue was obtained on mordented fibers. The results of the anti-bacterial properties of

the chrome dyes revealed that the toxicity of these dyes against bacteria is fairly

good.
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INTRODUCTION

In the field of azo dyes, phenols and naphthols play major roles for most of the

commercial dyes.1–6 Most of the dyes are marketed in the form of azo disperse,

azo-vat, azo-acid dyes, etc. All have the naphthols moiety bearing hydroxyl group(s)

as an auxochrome group. One such compound is 2,4-dihydroxybenzophenone,

bearing two hydroxy (as auxochrome) groups and a keto (chromophore) group.

This compound has wide applications as a polymer additive.7,8 It is an excellent

UV absorber, which prevents the photodegradation of most vinyl polymers.9–11

Azo dye formation based on this simple compound is an area with has not been de-

veloped, except in a few patents.12–15 The formation of dyes based on this com-

pound may yield dyes with good hue properties. Hence, it was thought to be of in-

terest to explore the field of azo dyes based on 2,4-dihydroxybenzophenone. The

present communication comprises studies of azo dyes based on 2,4-dihydro-

xybenzophenone.
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EXPERIMENTAL

All the employed chemicals were of commercial grade and were further purified by crystalliza-

tion. Melting points were determined by the open capillary method and are uncorrected. The visible

absorption spectra were measured in dimethylformamide (DMF) on a Carl Zeiss UV/VIS Specord

spectrometer; elemental analyses were carried out on Perkin-Elmer CHNS/O Analyzer 2400, Series II

instrument; NMR spectra were recorded on a Hitachi R-1500 instrument. TLC (Thin layer chromatog-

raphy) was run on a pretreated silica gel aluminum sheet using the methanol–water–acetic acid

(12:3:7) solvent system. A spot color was visualized in a UV chamber. The equipment used for dyeing

was a HTHP (High Temperature High Pressure) dyeing machine (model-LL).

Preparation of the azo disperse dyes

Diazotization. Diazotization of various aromatic amines (1a-j) was carried out by a method re-

ported in the literature (Scheme 1).16

Coupling procedure. The coupling of the above-mentioned diazotized aromatic amines was

carried out in a similar manner. The general procedure adopted is given below.

2,4-Dihydroxybenzophenone (2.64 � 10-3 kg, 0.02 mol) was dissolved in 1.6 � 10-5 m3 sodium

hydroxide (0.02 M) solution. The clear solution was cooled in an ice-bath and the diazonium solu-
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Scheme 1. Synthesis of 2,4-dihydroxybenzophenone based dyes (D1–10).



tion of amine was added dropwise over 30 min with vigorous stirring. The pH was maintained be-

tween 7.5 and 8 by the simultaneous addition of 10 % w/v sodium carbonate solution. Stirring was

continued for a further 2 h, whereby the temperature was allowed to rise to ambient. The dye was

then filtered off, washed with warm water and with cold water until it was acid free and then dried at

50 °C in an oven. The dyes were reprecipitated from DMF and designated as dye D1–10.

The purity of the dyes was checked by TLC using the solvent system methanol–water–acetic

acid (12:3:7). The melting points of the purified dyes were measured in an open capillary tube. The

melting points are uncorrected. The visible absorption spectroscopic properties of the dyes were re-

corded in DMF solution.

Disperse dyeing method

The dyeing of polyester fiber in the laboratory is convenient at 363.15–408.15 K and at high pres-

sure (165.6 kPa – 207 kPa). A model glycerin-bath high-temperature beaker and HTHP-LL dyeing ma-

chine was used. For this purpose, a paste of finely powdered dye (5 � 10-5 kg) was prepared with the dis-

persing agent dodamol (9 � 10-5 kg), the wetting agent Tween-80 (5 � 10-6 kg) and water (1 � 10-6 m3) in

a ball mill. To this paste, water (9.9 � 10-5 m3) was added under stirring and the pH was adjusted to 4.5–5

using acetic acid. The dye suspension (1 � 10-4 m3) was added to a beaker provided with a lid and a screw

cap. Before closing the lid and lightening the metal cap over the beaker a wetted pattern of polyester was

rolled into the beaker and then the lid was closed and the metal cap tightened. The beaker was then

placed vertically on the rotatory carrier inside the tank and the clamp plate was firmly tightened. The ro-

tatory carrier was then allowed to rotate in the glycerin-bath and the temperature was raised to 363.15 K

at a rate of 2 K/min. The dyeing was continued for 1 h under pressure. After cooling for 1 h, the beaker

was removed from the bath and washed with distilled water. The dyed pattern was thoroughly washed

with hot water at 323.15 K and then with cold water and dried at room temperature.

Mordent dyeing method

The dye pattern of wool obtained as mentioned above was treated with potassium dichromate solu-
tion equal to half of the weight of the dye and again rolled into the beaker. The beaker was once more
placed vertically on the rotatory carrier inside the tank and the dyeing was continued for 1 h under pressure.
After cooling for 1 h the beaker was removed from the bath and washed with distilled water. The dyed pat-
tern was thoroughly washed with warm water, then with cold water and air dried at room temperature.

Fastness property

The fastness to light, sublimation and perspiration of the dye pattern was assessed according to
British standard 1006-1978 and the wash fastness test according to Indian standard (IS) 765–1979.
The rubbing fastness was tested using a Crock meter (Atlas) AATCC-1961.

Determination of the percentage exhaustion and fixation

The percentages were determined according to a known method.17

RESULTS AND DISCUSSION

Physical properties of dyes

All the dyes were obtained as amorphous powders ranging in color from yel-

low to reddish brown. The TLC results showed that only a single spot was ob-

served for each dye.

Characteristic data of dyes

1-�2,4-Dihydroxy-5-(2-nitrophenylazo)phenyl�-1-phenylmethanone (D1). Yield:

78 %, m.p.: 232–233 °C, Rf value: 0.84. Calculated for C19H13O5N3: m.wt.: 363;
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C, 62.80 %; H, 3.58 %; N, 11.57 %. Found: C, 62.50 %; H, 3.38 %; N, 11.31 %. IR

cm–1: 3460 (–OH), 3077 (=CH, aromatic), 1630 (C=O, diaryl), 1525 (N=N), 1484

(C=C, aromatic), 1338 (C–N), 1123 (C–O), 737, 586, 480. 1H-NMR: �/ppm

7.2–7.4 (Ar-H, m), 5.8 (Ar-OH, s).

1-�2,4-Dihydroxy-5-(4-nitrophenylazo)phenyl�-1-phenylmethanone (D2). Yield:

79 %, m.p.: 215–216 °C, Rf value: 0.87. Calculated for C19H13O5N3: m.wt: 363;

C, 62.80 %; H, 3.58 %; N, 11.57 %. Found: C, 62.40 %; H, 3.28 %; N, 11.29 %. IR

cm–1: 3453 (–OH), 3087 (=CH, aromatic), 1628 (C=O, diaryl), 1528 (N=N), 1490

(C=C, aromatic), 1348 (C–N), 1100 (C–O), 740, 568, 479. 1H-NMR: �/ppm

7.2–7.3 (Ar–H, m), 6.0 (Ar-OH, s).

1-�2,4-Dihydroxy-5-(3-nitrophenylazo)phenyl�-1-phenylmethanone (D3). Yield:

79 %, m.p.: 215–216 °C, Rf value: 0.79. Calculated for C19H13O5N3: m.wt.: 363;

C, 62.80 %; H, 3.58 %; N, 11.57 %. Found: C, 62.44 %; H, 3.28 %, N, 11.32 %. IR

cm–1: 3480 (–OH), 3072 (=CH, aromatic), 1631 (C=O, diaryl), 1540 (N=N), 1480

(C=C, aromatic), 1339 (C–N), 1104 (C–O), 738, 560, 470. 1H-NMR: �/ppm

7.2–7.4 (Ar-H, m), 5.8 (Ar-OH, s).

1-�5-(2,6-Dichloro-4-nitrophenylazo)-2,4-dihydroxyphenyl�-1-phenylmethano-

ne (D4) Yield: 77 %, m.p.: 258–259 °C, Rf value: 0.82. Calculated for C19H11O5N2Cl2:

m.wt.: 418; C, 54.54 %; H, 2.63 %; N, 6.69 %. Found: C, 54.14 %; H, 2.33 %; N,

6.32 %. IR cm–1: 3636 (–OH), 3080 (=CH, aromatic), 1658 (C=O, diaryl), 1531

(N=N), 1478 (C=C, aromatic), 1343 (C–N, C–O), 780, 741, 584, 489. 1H-NMR:

�/ppm 7.2–7.3 (Ar-H, m), 6.18 (Ar-OH, s).

1-�5-(2,4-Dimethylphenylazo)-2,4-dihydroxyphenyl�-1-phenylmethanone (D5).

Yield: 83 %, m.p.: 205–206 °C, Rf value: 0.88, Calculated for C21H18O3N2: m.wt.:

346; C, 72.83 %; H, 5.2 %; N, 8.09 %. Found: C, 72.40 %; H, 4.89 %; N, 7.82 %. IR

cm–1: 3573 (–OH), 3075 (=CH, aromatic), 1620 (C=O, diaryl), 1534 (N=N), 1484

(C=C, aromatic), 1463 (C–N), 1343 (C–O), 1100, 736, 570, 469. 1H-NMR: �/ppm

7.2–7.3 (Ar-H, m), 6.0 (Ar-OH, s), 1.94 (–CH3, s).

1-�5-(3-Chlorophenylazo)-2,4-dihydroxyphenyl�-1-phenylmethanone (D6). Yi-

eld: 87 %, m.p.: 165–166 °C, Rf value: 0.92. Calculated for C19H13O3N2: m.wt.:

317; C, 71.92 %; H, 4.10 %; N, 8.83 %. Found: C, 71.53 %; H, 3.79 %; N, 8.46 %.

IR cm–1: 3430 (–OH); 3066 (=CH, aromatic), 1630 (C=O, diaryl), 1584 (N=N),

1482 (C=C, aromatic), 1350 (C–N), 1104 (C–O), 786, 740, 586, 489. 1H-NMR:

�/ppm 7.2–7.5 (Ar-H, m), 5.9 (Ar-OH, s).

1-�5-(4-Chlorophenylazo)-2,4-dihydroxyphenyl�-1-phenylmethanone (D7). Yi-

eld: 89 %, m.p.: 115–116 °C, Rf value: 0.86 Calculated for C19H13O3N2: m.wt.:

317; C, 71.92 ; H, 4.10 %; N, 8.83 %. Found: C, 71.61 %; H, 3.87 %; N, 8.49 %. IR

cm–1: 3591 (–OH), 3060 (=CH, aromatic), 1629 (C=O, diaryl), 1532 (N=N), 1470

(C=C, aromatic), 1323 (C–N), 1104 (C–O), 780, 737, 581, 470. 1H-NMR: �/ppm

7.1–7.4 (Ar-H, m), 6.0 (Ar-OH, s).
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1-�2,4-Dihydroxy-5-(4-hydroxyphenylazo)phenyl�-1-phenylmethanone (D8).

Yield: 84 %, m.p.: 137–138 °C, Rf value: 0.78. Calculated for C19H14O4N2: m.wt.:

334; C, 68.26 %; H, 4.19 %; N, 8.38 %. Found: C, 67.98 %; H, 3.87 %; N, 8.08 %.

IR cm–1: 3580 (–OH), 3056 (=CH, aromatic), 1635 (C=O, diaryl), 1523 (N=N),

1475 (C=C, aromatic), 1327 (C–N), 1101 (C–O), 742, 578, 470. 1H-NMR: �/ppm

7.2–7.4 (Ar-H, m), 5.8 (Ar-OH, s).

1-�2,4-Dihydroxy-5-(4-methylphenylazo)phenyl�-1-phenylmethanone (D9). Yield:

80 %, m.p.: 104–105 °C, Rf value: 0.87. Calculated for C20H16O3N2: m.wt.: 332;

C, 72.28 %, H, 4.81 %; N, 8.43 %. Found, C, 72.0 %, H, 4.46 %; N, 8.13 %. IR

cm–1: 3630 (–OH), 3024 (=CH, aromatic), 1626 (C=O, diaryl), 1527 (N=N), 1468

(C=C, aromatic), 1446 (–CH3), 1351 (C–N), 1111 (C–O), 744, 580, 473. 1H-NMR:

�/ppm 7.4 (Ar-H, m), 5.9 (Ar-OH, s), 1.99 (–CH3, s).

1-�2,4-Dihydroxy-5-(2-methylphenylazo)phenyl�-1-phenylmethanone (D10).

Yield: 79 %, m.p.: 116–117 °C, Rf value: 0.81. Calculated for C20H16O3N2: m.wt.:

332; C, 72.28 %; H, 4.81 %; N, 8.43 %. Found: C, 71.90 %; H, 4.43 %; N, 8.08 %.

IR cm–1: 3503 (–OH), 3053 (=CH, aromatic), 1630 (C=O, diaryl), 1535 (N=N),

1478 (C=C, aromatic), 1450 (CH3), 1320 (C–N), 1109 (C–O), 747, 579, 468.
1H-NMR: �/ppm 7.2–7.3 (Ar-H, m), 5.7 (Ar-OH, s), 1.98 (–CH3, s).

The results of the elemental analyses of each dye are consistent with the pre-

dicted structure, as shown in Scheme 1.

The number of azo groups is one for each dye. The nitrogen content and num-

ber of azo group for each dye are co-related with each other. The IR spectrum of

each dye exhibited the important features (shown above) of aromatic, azo, hy-

droxyl and keto groups. The NMR spectra also showed the important signals at

their expected positions for all the diazo compounds based on the well known

structure of 2,4-dihydroxybenzophenone and reactive site for azo coupling. The

structures of the azo dyes shown in Scheme 1 were thus confirmed.

The absorptiom maxima (�max) in the visible spectra of all the dyes recorded

in DMF fall in the range 410–455 nm, as shovn in Table I. The value of the loga-

rithm of the molar extinction coefficient (log �) of all the dyes were in the range

4.12 – 4.31, which is consistent with their high absorption intensity.

TABLE I. Absorption maxima (�max), intensities (log �), exhaustion (E) and fixation (F) of disperse

/ mordent dyes on polyester / wool

Dye
no.

Absorption maxima
�max/nm in DMF

log � Mordent dyeing on wool Disperse dyeing on poly-
ester

% E % F %E %F

D1 430 4.26 80 93 71 90

D2 427 4.18 74 91 76 87

D3 431 4.24 78 93 80 92

D4 455 4.18 81 96 75 84
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Dye
no.

Absorption maxima
�max/nm in DMF

log � Mordent dyeing on wool Disperse dyeing on poly-
ester

% E % F %E %F

D5 436 4.26 78 92 75 89

D6 440 4.31 74 91 72 91

D7 442 4.30 86 92 75 90

D8 410 4.12 80 92 71 83

D9 432 4.28 77 91 72 90

D10 424 4.19 73 90 78 91

Moreover, the presence of electron donating or electron attracting groups did

not bring about any marked increase or decrease in �max in the visible region and

log � remained nearly constant. However, electron-attracting substituents, such as

–Cl and –NO2 in the substituent group of the coupler, increased the polarizability.

This leads to a decrease in the energy between the highest occupied molecular or-

bital and lowest unoccupied molecular orbital and, thus, the � � �
* electronic tran-

sition occurs with lower frequency photons, resulting in a bathochromic shift of the

visible absorption band.

Dyeing properties of the dyes

The mordent and dispersed dyes were aplied at 2 % depth on wool and polyes-

ter fabric, respectively. The results of the exhaustion of the dye bath and the fixa-

tion of the dyed fabric are given in Table I. Their dyeing properties are given in Ta-

bles II and III. These dyes gave a wide range of colors, varying from yellowish

brown to reddish brown shades, with a good levelness, brightness and depth on the

fabric. The variation in the shades of the dye fabric results from both the nature and

position of the substituent present on the diazotized compound. The light fastness

values of the dyes are more consistent (as shown in Table III). The dyeing showed

an excellent fastness to light, with very good to excellent fastness to washing, per-

spiration and sublimation but showed poor rubbing fastness.

TABLE II. Results of disperse dyeing and various fastness properties of the dyes on polyester

Dye
no.

Color shades
on polyester

Light
fastness

Washing
fastness

Perspiration
fastness

Sublimation
fastness

Rubbing
fastness

Acid Alkaline Dry Wet

D1 Brick red 5 5 5 5 5 3 3

D2 Yellowish red 5 4 4 5 5 3.4 3.4

D3 Yellowish red 5 5 5 5 5 3 3

D4 Brick red 4.5 5 4.5 5 5 3.4 4

D5 Light orange 5 4 4.5 5 5 3.4 3
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Dye
no.

Color shades
on polyester

Light
fastness

Washing
fastness

Perspiration
fastness

Sublimation
fastness

Rubbing
fastness

Acid Alkaline Dry Wet

D6 Light maroon 4.5 5 5 5 5 4 3.4

D7 Light orange 4 4.5 4.5 5 5 3.4 3.4

D8 Light brown 4 3 4 4 4 3 3

D9 Reddish brown 5 5 5 5 5 3.4 3

D10 Reddish brown 5 5 5.4 5 5 3.4 3

TABLE III. Results of mordent dyeing and various fastness properties of dyes on wool

Dye
no.

Color shades
on wool

Light
fastness

Wash
fastness

Perspiration
fastness

Sublimation
fastness

Rubbing
fastness

Acid Alkaline Dry Wet

D1 Brick red 5 5 5 5 5 4 4

D2 Dark red 5 4 4 5 5 4 4

D3 Dark red 5 5 5 5 5 5 5

D4 Brick red 5 5 4 5 5 4 4

D5 Dark orange 5 4 5 5 5 4 4

D6 Dark maroon 5 5 5 5 5 5 4.5

D7 Deep orange 5 4 5 5 5 4 4

D8 Dark brown 5 5 4 4 4 5 4.5

D9 Reddish brown 5 5 5 5 5 5 5

D10 Reddish brown 5 5 4 5 5 5 4

TABLE IV. Antibacterial activity of chrome dyes (D1-D10)

Dyes no. Organisms

Escherichia coli Staphylococcus aureus Salmonella typhi Bacillus subtilis

D1 + + + +

D2 + + + +

D3 + + + +

D4 ++ +++ ++ +++

D5 ++ ++ + +++

D6 + + – ++

D7 + + + +

D8 + + + +

D9 + + + +

D10 + + + +

(Diameter of inhibition zone in mm; concentration 100 �g/mL); (–) = inactive (12 mm and less). (+) = we-

akly active (13–16 mm). (++) = moderately active (17–20 mm); (+++) = highly active (21 mm and above).
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A remarkable degree of levelness after washing was observed. This may be at-

tributed to the good penetration into and affinity of the dye for the fiber structure.

The most prominent feature of these dyes is that the dye pattern treated with a

Cr(III) salt solution afforded excellent shining shades of the dyes. This might be

due to chrome complex formation on the fiber.

The antibacterial activity of the chrome complexes of the dyes was monitored

against 4 strains (Table IV). The results showed that these dyes inhibit bacterial

growth by about 70%. The dye pattern of chrome treated dye may be affordable for

the human body. A study of the pigmentation of vinyl polymers, e.g. poly(methyl

methacrylate) by these dyes is in progress.

CONCLUSION

The synthesized dyes have good fastness to light, sublimation and perspiration

properties but exhibit poor rubbing fastness. The nature of the substituent in the

coupling components has little influence on the visible absorption and the shade of

the dyeing. It was found that mordent dyes have better shades than disperse dyes.
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I Z V O D

SINTEZA I PRIMENA NOVIH MORDANTNIH I DISPERZNIH AZO BOJA

ZASNOVANIH NA 2,4-DIHIDROKSIBENZOFENONU

BHARAT C. DIXIT, HITENDRA M. PATEL i DHIRUBHAI J. DESAI

Department of Chemistry, V. P. & R. P. T. P. Science College, Vallabh Vidyanagar-388120, Gujarat, India

Nove mordantne i disperzne azo boje dobijene su kuplovawem razli~itih diazo

rastvora aromati~nih amina sa 2,4-dihidroksibenzofenonom. Dobijene boje okarak-

terisane su elementalnom analizom, kao i IR i NMR spektroskopijom. Korelisani su i

podaci dobijeni UV-vidqivom spektroskopijom sa strukturnim svojstvima. Procena

mogu}nosti obojavawa za sve boje proverena je na vunenim i poliesterskim tekstil-

nim vlaknima. Pra}ena je tako|e mogu}nost obojavawa vune i poliestera tretiranih

hromnim mordantom. Rezultati pokazuju boqu obojenost na vlaknima tretiranim

mordantom. Rezultati ispitivawa antibakterijskih svojstava hromnih boja pokazali

su da je toksi~nost ovih boja za bakterije sasvim dobra.

(Primqeno 2. decembra 2005, revidirano 20. aprila 2006)

REFERENCES

1. W. M. Cumming, G. Howie, J. Chem. Soc. (1933) 133

2. S. K. Mohamed, A. M. Nour El-Din, J. Chem. Res. 8 (1999) 508

3. A. T. Peters, D. Walker, J. Chem. Soc. (1956) 1429

4. R. D. Naik, C. K. Desai, K. R. Desai, Orient. J. Chem. 16 (2000) 159

5. A. I. Vogel, A Textbook of Practical Organic Chemistry, 3rd Ed., Longman, London, 1961, p. 620

126 DIXIT, PATEL and DESAI



6. P. F. Gordon, P. Gregory, Organic Chemistry in Color, Springer-Verlag, Berlin, Heidelberg, New

York, 1983, p. 60

7. S. Yurteri, A. Onen, Y. Yagci, Eur. Polym. J. 38 (2002) 1845

8. W. Huang, B. Hou, M. Liu, Z. Li, Tribology Lett. 18 (2004) 445

9. K. Allmer, A. Hult, B. Ranby, J. Polym. Sci. 27 (1989) 3419

10. M. Johnson, R. G. Hauserman, J. Appl. Polym. Sci. 21 (1977) 3457

11. H. Kamogawa, M. Nanasawa, Yukio Uehara 15 (1977) 675

12. N. Hana, Czech. 176, 377 (Cl. C09B29/22), 1979, Appl. 70/8, 321, 1970

13. R. Botrous (American Colour & Chemical Corp.), Ger. Offen, 2, 714, 745 (Cl. C09B31/06)

1977, US Appl. 692, 932,04, 1976

14. F. F. Islam, H. Ibrahim Text. Dyer Printer 23 (1990) 15

15. M. Jakob (Ciba-Geigi A-G), Eur. Pat. Appl. Ep. 169, 808 (Cl.G03, C5/52), 1986

16. H. E. Frirz-David, L. Blengy, Fundamental Process of Dye Chemistry, Wiley, New York, 1949,

p. 241

17. H. R. Maradiya, V. S. Patel, Fibre Polym. 3 (2002) 43

AZO DYES 127


