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PHYSICQCHEMICAL AND DYEING PROPERTIES OF 
PIGMENTS CONTAINING 3- OR 4-AMINOPHTHALIMTDE 

RESIDUE 

J SZADOWShl 

ScL erai ttlonoazo ptgntctilr ~onratttrtig the I e.srihe.5 0/3-arilr,iop/ir/ralrrllf~c and IIT N- 

ttteIIt1 I and N-phctI_l I det ICaIwes tti Illc prgtmn? ttioIec~fic AaLe been pi epat ed. Their 
pl~_~srcoc/wtt~rcn/ attdfasrwss propct ttev II et CP ex-attttttcd and contpared II 1111 those of 

attaiogous 4-atti,nophrhallttlid~~ plgtmwrs 

Bused ott rhe obso ved dtflct cncrs Itt ph_~ smtc/tcttt~cuI p’ operrre~ and dl,$crcnr 
~ohcnr srubrlrrwr. II IJ mggcsted r/tar the 3-atttrttop/rrltalttttt~~eprgtttettrs~for nt tttostf_i 

ttttt a-mofeculat 111 dt ogctt bonds II ho eas r/w 4-atttrtloj~jtrlt~~Ittt~~d~~ p~gnwtlrs fomt 
ntam(\ I~I~CI -rnokwfur /I_I drogcri bottds. Tiw I~~porhcsrs Itab been wrrJ=cd 6~7 the IR and 
UV F~LTII a of 3- attd4-ace!> /atttrttopitr/t~~Itttt~dc attd of ~IICI~ N-tmrlt~ I de, maflues as 

tttodcl c ottlpounds 

1 INTRODUCTION 

One of the most important propertles of pigments IS fastness to water nnd orgCinlc 
solvents. together with heat stablhty For several years a great den1 of InformatIon 
about pigments with regard to those propertles has been pubhshed. especially In the 
form of patents Usually. trral-and-error methods have been used to select d range of 
good pigments. since despite many mvestlgatlons there IS still a lack of conclusive 
generallzatlons enabling the properties of dyes of specified structure to be foreseen 
Hitherto theoretical studies have not sufficlentiy explaIned the relatlonshlp between 
the structure nnd properties of pigments It was. therefore. decided to attempt some 
further elucldatlon of this problem 

In the synthesis of lnexpenslve and stable azo pigments. the view has been put 
forward by Gaertner’ that the poor solublllty and high melting point. and 
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consequently the solvent and heat stablhties of a pigment are due to its high 
molecular weight. This wew has been discussed by Kraska’ who pomted out the fact 
that apart from the molecular weight, it is the flat, lmear and symmetrrc structure of 
a pigment molecule which IS of great unporrance in imparting the required 
characterlstlcs lo pigments (1 e. low solubillty and high melting point). One solution 
of the problem was a trend to synthesize at least disazo pigments This often resulted 
in dlfficultles because of formation of increased amounts of monoazo by-products 
Another difficulty often came from the necessity to use thlonyl chloride in the 
pigment synthesis. an agent which 1s very corrosive for equipment and hazardous for 
personnel health The synthesis of dlsaLo Cromophtal pigments (Cuba-Geigy) 1s a 
typic.31 example of the situation 

One of the approaches deslgned to overcome the dlfficultles comprised the use of 
.Inhydrldes of 01 rl~o-~ - ’ or perl-dlcarbo\yllc acids 6-8 for the synthesis of dlsazo 
pigments Pigments of this type have also been studled by US.~-‘~ Using the 
.Inhydrldes Instend of acid chlorides. It IS possible to avold the troubles resulting 
from the use of thlonyl chloride However. in spite of numerous tnals. It has not been 
possible to ellmlnnte the formatIon of readily soluble monoazo compounds or non- 
cycllzed by-products containing carboxyllc groups 

While most of the pigment producers ende‘lvoured to Improve the manufxturlng 
processes tbr dlsazo-pigments. Hoechsl introduced stdble Hostaperm and PV-Echt 
pigments into the market ” Although mononzo. the pigments turned out to be as 
st,lble .IS the dlsdzo Cromophtnl pigments. These compounds were often more 
st,lble th.ln those prep,lred by US.~ - ’ ’ I e phthahmlde and naphthahmlde based 
dls.izo-pigments of slmllnr structure A common feature of,tll the useful pigments In 
this connectlon IS the presence of ‘1 heterocycllc amide residue in the molecule “- ” 
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The efkct of heterocyclic amide groups in the dye molecule has not been fully 
explained; however they seem to promote m the azo-pigments a flat structure and 
considerable association by means of hydrogen bonds or other inter-molecular 
interaction. similarly to other stable pigrnents.‘6 

In order to explain clearly the consequence of the -CO-NH- group m the 
heterocyclic arrangement, several pigments. derlvatlves of phthahmlde having 
various subsutuents dt the heterocychc nitrogen atom, have been prepared and 
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lnvestlgated The use of phthallmlde derlvatlves as d subJect of studies Instead of the 
popular benzlmldazolone radicals was consldered reasonable because of the wide 
avaIlabIlIty of sultable A’-substituted derivatives 

The pigments contalnlng 4-amlnophthahmlde residue (!) have been studied 
previously I ’ It was found that the presence of unsubstltuted lmlde group(la) in the 
pigment provided solvent and hent srabllltles (low solublllty and high melting and 
degrdddtion points) 

Analogous pigments containing substituted Irnlde group. lb .tnd Ic. m spite of 
higher molecular weights. show lower sol\enI sLlblhtles and somewh‘tt lower 
melting points 

In\estig‘ltlons carried out with phthallmlde .jnd n,lphthnhmlde cls model 
compoundslY h,lve shown that the relevant pigments properties are due to n strong 
self-‘assocldtlon of their molecules through hydrogen bonds This h,is been 
‘ldd!tlon.tlly confirmed by X-rny r,tdlogr,lphlc studies on the crystal struaure of 
phthnllniide’9 ,lnd nnphth,lhmide ‘O It W,IS found in both cases that the 
fundamental element of the crystal structure IS a dlmer combined by hydrogen 
bonds N-H 0 of 2 895A and 2 S5A In length SlmlLlr type dlmers as basic 
crystal components h,l\pe been recently found In one of the benzlmld‘lzolone 
pigments ” 

In prxtice. Instead of phthallmlde derlv,ltlves. other dltlerent compounds 
contnlnlng heterocycllc .Imlde .lrr.lngements ‘ire usu,llly used for the synthesis of 
pigments The position of the -NH-CO- group In these compounds IS not the 
s.lrne .IS th,lt III the 4-.lmlnophthallmlde derivatives Therefore, to obtcun clenrer 
Inform,ltlon. It seemed useful to extend the Investlg,ltlons to use the lsomerlc 3- 
~mlnophth,lllmlde dnd Its N-methyl or N-phenyl derlvatlves Using the methods 
described previously.’ ’ three scl:t‘lble 3-amlnophthallmlde pigments (11) having 
dlffereni substlIuenls In the lmlde residue (a, R = H, b. R = CH,. c, R = C,H,) were 
prepared The properties of the prepdred pigments were comp‘lred with those of 
previously examined IsomerIc 4--amlnophth.~lrm~de derl\ratlves. and conslderable 
dlirtrences \vere found. as expected. which were due to different position of 
acyLlmlne residue In the pigment molecule 

2 E’.PERlhlEhTAL 

3-nitrophthallc dnhydrlde (I\‘) wds prepared by nitration of phthallc anhydride (111) 
ds described by Culhane ” The product was used to prepare 3-ammophthahmlde 
(Via). 3-ammo-h’-methylphthahmlde (Vlb) and 3-amino-N-phenylphthahmlde 
(Vlc) according to :he following scheme. using srmllar conditions of acylation and 
reduction as those In the synthesis of 4-nmlnophthalimlde ” 

Pigments II were prepared and purified as pigments I described previously,” 
starting wtth suitable 3-amlnophthahmlde derlvatlves 
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1 H,NR 

v 

(8) R = H (b) R = CH, (c) R = C,H, 

Melttng potnts(uncorrected),were determined wtth a Boetrus H M PK 05 apparatus 
Thermdl andlysts of pigments was carried out rn air dt temperatures up to 800°C 

with a Pduhk. Pdulik. Erdey derivdtograph (MOM-Budapest), using d specimen of 
60 mg .tt a heating rate of 7 9 “C mm - ‘i 

IR absorption spectra Lvere obtained with Specord 71-IR and UR-10 
spectrophotometers (Zeiss Jena). The absorptrons of samples were measured In the 
crystalltne form, using powdered mrrtures with KBr The molar evtmctlon of 
cyclohexane-dtoxane solutrons of N-acetylamtnophthdlrmldes versus droxane 
concentratron was exammed by the n~odified*s method of Forbes.‘” 

The stabrltty of prgments wds examrned acccrdrng to the Pohsh Standards whrch 
are much the snme as the British Standards 

Lrght-fastness of dyemgs was measured with Xenotest apparatus (Hanau) 

3 RESULTS. DISCUSSION AND CONCLUSIONS 

Several 3-ammophthahmtde dertvatlve pigments (II) were synthestsed and therr 
physlcochemlcal and fastness properties were examined and compared with those of 
analogous 4-ammophthahmrde (I) dertvative pigments, investigated prevtously 

It IS seen from Table 1 that all the pigments based on 3-ammophthahmrde (II) 

7 We are grateful to Dr G Janowska for thermograms made m Polymer Institute Polytechmcal 
Umversny. Xodz 
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have melting pomts lower by about 100°C than those of the 4-ammophthahmide 
pigments (I)_ There IS no distmct decrease m the meltmg pomt of IV-substttuted 
3-amlnophthahmrde pigments (Ilb and Ilc), unhke that to be seen with the 4- 
amtnophthahmide denvatives which show a decrease of about i5”C. One of the 
prgments contaimng the 3-amino-N-methylphthahmide residue (Ilb) even has a 
melting pomt somewhat hrgher than that of the pigment containing an 
unsubstttuted phthairmtde residue (IIa) 

On melting. all the evammed pigments undergo partial decomposition or 

subhmatron (loss of wetght about 20 V<)_ A complete decomposltron (about 95 “/A of 
weight loss) takes place on heattng to temperatures above 500°C. There is no 
drstrnct effect due to the type of substttuent in the tmlde residue on the 
decomposttron tempernture 

Slmrlnr conclustons may be drawn from the results of solvent stabthty 
determrn‘ttrons (Table 1) The solvent stabtlrty of pigments based on 4- 
ammophthalimlde (I) depends on the type of substituent R In the phthalrmlde 
resrdue. The prgment contarnrn g an unsubstituted NH group (la) has a hrgher 
stabrltty by O-5 to 1 5 fastness points as compared wrth the pt_4nents with an NCH, 
(Ib) or N&H, group (1~). On the other hand. the type of substttuent R makes 
no drfference with 3-dnnnophthahmtde pigments (II). (An rnterestrng observatton 
whrch IS difficult to explarn at present, is the lower light-fastness of dyerngs made 
wrth these pqments on a poly(viny1 chlorrde)~film.) 

All the above observat:ons lead to the conclusron that the differences In propertres 
of 3- dnd 4-ammophthahmrde pigments are due to different types of hydrogen bonds 
formed by these compounds It 1s most ltkely that the 3-ammophthalrmrde 
derrvatlve ptgments wtth their stable intra-molecular hydrogen bonds 
(-C=O -H-N-). have a low degree of inter-molecular assocratlon, while the 
4-ammophthahmrde ptgments form only utter-molecular hydrogen bonds and, 
hence. they are constderably assocrated 

This vrew IS confirmed by the IR spectra of the pigments (Table 2) The spectra 
of 3-ammophthalimrde pigments (Ha) reveal a very weak bond ch‘aractenstlc 
for the associated NH group (3300cm-‘), whrle the corresponding bond rn the 
spectra of 4-amrnophthahmlde prgments 1s very clear and shifted bathochromtcally 

TABLE 2 
IR SPECTRA OF PIGMENTS 

Pignrcnr R \‘c=o (cm- ‘) \I,,, (cm-‘) 

la 16S8 1714 1770 3220 344Ow 
Ib 1680 1710 1760 - 3420 w 
IC 1682 1718 1762 - 3420 w 

Ila H 1680 I732 1770 3300 w 3450 w 
Ilb 1680 1710 1740 - 3400 
IIC 1684 1720 1745 - 3400 
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(3220cm-‘) On the other hand, there are no distinct differences in the bond 
posltlons wlthin the range of CO vlbratlons. the only change bemg m their 
lntensltles The lnterpretatlon of IR spectra IS made difficult by the fact that In the 

pigment molecules. beslde the hydrogen bonds formed vta NH groups. there are 
strong hydrogen bonds between hydroxyl and azo groups (as shown m patterns 
1 dnd II) 

T4BLE 3 
IR SPFCTRA OF J\‘-ACET\ LAhllhOPHTHALI\IIDE DERI\ ATIVCS 

CcJr?rpurmd R \(‘_o (c/n- ‘) \ ,” (cm- ‘) 

\ lia H 1681 1715 I776 3170 ___ 31’0 
\ Ilb CH, 1692 1715 1765 - 3350 

\ 1113 H 1695 I713 1770 3060-3120-3165 3360 
\ lllb CH, I697 I712 1765 3370 

Addltlonal arguments confirming the view .Ibout the Intro- and Inter-molecular 
nnture of lnterxtlons In the pigments under Investlgatlon are provided by the IR and 
UV spectr‘l of 3-IV-acetyl,~m~nophthal~m~de (Vii) and 3-IV-xetylphthahmlde (Vlli) 
cls well as of their N-methyl derlvatlvrs tre‘lted ds model compounds (Table 3) with 
the s,lme tendency to form or not to form inter- and Intra-molecular hydrogen 
bonding as the pigments (I) and (II) 
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The 1R spectra of the model compounds reveal bdnds slmllar to those of 
correspondmg pigments Very cle,lr differences ‘ire observed m the shape of cur\es 
lllustrdtmg the dependence of the molar absorption coefficient (E,,,,,) on the dloxane 
content In cyclohexane-dloxane solutions of N-substituted and unsubstltuted 3- 
.lnd 4-N-acetylammophthallmlde derivatives The c~-~es of E,,, =f(cDIOX) for the 
unsubstltuted phthahmlde derlvatlves (Fig I-Vlla and Villa) are very slmllar in 
shape and are consistent with the presence of assoctnted molecules m which hydrogen 
bonding probably occurs between the -NHCOCH, and --CO-NH-CO 
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FJg I hlohr absorption coclhacnt Lcrsus pcrccnrage content of dloxnne In qclohexnne-dlownc 
solul~ons or r\‘-.lcetvl.lmlnophth.lllmldcs 

groups The analogous plots for the N-methyl derlvatlbes (Fig I-VIIb and 
k’lilb) are. on the other hand, more characterlstx or less associated compounds 

The hJgh value of L,,, (relative to that of Villa) of the 3-acetylamlne-N- 
methylphthalJmJde solutJons (Fig I-Vlllb) nt lower dloxane content IS consistent 
with the presence of a Lrgely non-nssoclated product, the E,,, value ofwhich IS llttle 

.lKected by further dJovane addJtJon ThJs may be explained by the Increased abJIJty 
of 3-dcetylarmne-iv-methylphthdlJmJde (VIIlb) to form an intra-molecular hydrogen 
bond and hence the lo\+er ability to develop inter-molecular assocJatJon. The 
quantJtatJve measurement of assocJatJon was made dJfficult by the low solubJlJty of 
both the pigments and the model compounds 

It was found that the 4-amJnophthalJmJde pigments have hJgher meltJng points 
.tnd somewhat better solvent stabJlJty than the analogous 3-amJnophthalJmJde 
derJvatJves The IR spectra of the pJgments and model compounds also show that 
the 4-dmJnophthallmide derivatives are associated to a hJgher extent 

The results of the present JnvestJgatJons suggest that monoazo pi-vents 
contaJnJng heterocyclic amide substituents are characterized by unexpected heat 
dnd organic solvent stabJlitJes owing to self-nssociatJon by means of hydrogen 
bonds. but the ease of formatJon nnd StabJlJty of the associates depends on the 
positJon of acylamlne group Jn the pJgment molecule 

In order to prepare good pJgments contaJnJng the heterocyclJc amJde system such 
starting products which would provJde stable self-assocJatJon by means of hydrogen 
bonds have to be used. Thus, the use of N-substituted amide systems IS of little value 
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It IS Important to locate the acylamlne group In norm orpnra posItIon relative to the 
carbonyl group. rather than the orrl~o positIon. so as to preclude the formation of a 
‘competltlve’ intrn-molecular hnkage Owmg to such structures, the dimensions of 
pigment molecules are twice as large. and the flat structure of associates provides 
posslbllltles for further mutual InteractIons with molecules of pigment In crystals 

dlmerlzatlon 

B.lsed on the .Ibove conslder‘lt1on.s. It IS possible to forsee which of the startmg 
rn,lwrl,lls cont.llnlng helerocycllc .lmldc qs~rns ~111 be useful and which should be 
%I\ oldcd 
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