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Self-Regulating Polycondensations. 1 I. A Study 
of the Order Present in Polyamide-Hydrarides 
Derived from Terephthaloyl Chloride 
and p-Aminobenrhydraride 

. 

R. R'. MORRISON,* J. PRESTON,T J. C. MDALL, :  
and 'W. B. BLACKS 

Chernstrand Research Center, Inc. 
A Sudsidiary of Monsanto Company 
Durham, North Carolina 27702 

A B S T R A C T  

The problem of chemical order of polyamide-hydrazides 
prepared from terephthaloyl chloride with an unsymmetrical 
monomer, p- aminobenzhydrazide, is discussed. An NMR 
method for identifpng the molecular structure of species 
formed in the early stages of polpcondensation has enabled 
the course of a polymerization to be followed during this 
time and the final degree of order to be predicted qualitatively. 
These studies have provided a demonstration that the struc- 
hire of these polymers can be controlled to a significant 
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100 MORRISON ET XL. 

degree by appropriate variations in experimental condi- 
tions. But even under the most adverse conditions 
usually employed, polyamide- hydrazides are found to 
be at least "partially ordered" copolymers. The tech- 
niques developed for this study may find application in 
the study of other polymer forming reactions with 
monomers having two functional groups with dissimilar 
reac tivities . 

I N T R O D U C T I O N  

Aromatic polyamide- hydrazides [ 1 ] prepared by low- temperature 
solution polycondensation from diacid chlorides and aminobenz- 
hydrazides miqht be e'xpected to be copolymers of "limited order" 
[ 21 unless there exists an inherent difference in reactivity behveen 
the aromatic m i n e  groups and the kjdrazide groups of the unsym- 
metrical aminobenzhydrazide monomers. Because a hydrazide 
group is more nucleophilic than an aromatic amine group, it might 
reasonably be e-qected that the rate of reaction of the former 
would be considerably more rapid with an acid chloride than the 
latter. Hence the possibility exists for obtaining an ordered 
polyamide- hydrazide via a selr-regulating polycondensation reac- 
tion (31 provided that other factors wil l  allow these differences 
in reactivity to govern the course of the polycondensation. 

In this paper we wish to report the results of our study of the 
reaction (Eq. 1) of terephthaloyl chloride (TCI), I, with p-amino- 
benzhydrazide (PABH), II, under a variety of e.xperimental con- 
ditions to determine the degree of order in the polyamide-hydrazide 
obtained. Even under the most adverse conditions of polycondensa- 
tion usually employed, the polyamide-nydrazide (m) is found to 
contain a substantial degree of order and can, at the very least, 
be referred to as a "partially ordered" copolymer. Order as 
used in this paper will refer to the regularity of placement of 
s tnc tura l  units along the polymer chain, i.e., "chemicd order" 
w i l l  be discussed rather than "physical order" by which is meant 
the organization of polymer chain segments into crystalline and 
amorphous domains. 

A wholly ordered polyamide-hydrazide [ 41, V, w a s  prepared 
(Eq. 2) from TVB which in turn was synthesized [ 51 by reduction 
of the corresponding dinitro compound (IVA) or was obtained 
from be  reaction of at least two equivalents of II with I [ 61. 
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SELF-REGULATIhTG POLYCOXDENSATIOXS. II 101 

L '  
POLY MI DE -HY DR AZl DE 

IIX 

The direct polycondensation of I and II will be referred to here as a 
one-step reaction. The polycondensation of I with IVB w i l l  be referred 
to as a two-step reaction because lII is isolated in a separate opera- 
tion prior to use. 

The various reactions and polymerizations were carried out in 
basic solvents sGch as dimethylacetamide (DMAc), N-methylpyr- 
rolidone (NMP), and hexamethylphosphorictriamide (HPT); in some 
cases an inorganic lithium salt such as lithium chloride was added 
to the solvent. The by-product of the polycondensafion reactions 
was HC1, which complexes with the solvent to form a salt that 
enhances the solubility of the polymer in the polymerization media 
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102 MORRISON ET XL. 

D I S  CUSSIOI\ I  

T y p e s  of O r d e r  

The structure of the polyamide-hydrazides is discussed here in 
terms of chemical order, i.e., the degree to which terephthaloyl 
chloride couples, either in a symmetrical o r  unsymmetrical man- 
ner, with the aminobenzhydrazide. There are hvo conceivable 
Qpes of completely ordered polymers w h x h  could result from 
TCl and P m H  in a one-step reaction: 

Alternating head -to -head and t a i l -  to- tail coupling 

Obviously, the only polymer structure possible from the two-step 
reaction described above is of the tyye shown for V. 

Actually, the structure of polymers prepared by the one-step 
method is influenced by a number of factors ocher than the relative 
reactivities of the m i n e  and hydrazide groups, e.g., the mode of 
addition of reactants, the presence of acid acceptors, diffusion, 
etc. The importance of these secondary factors can best be 
understood in terms of the major tppes of chemical reactions 
which occur in these polycondensation reactions. These a re  out- 
lined in Scheme 1. 
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SELF- REGVIATIKG PO LY COh'DEXSATIOXS. 11 103 

K3 
ACID ACCEPTOR i H C l  ACID ACCEPTCR . H C l  

SCHEME 1. 

The amount of head- to- head, head- to- tail, and tail- to- tail 
cocpling w i l l  depend on the ku'kz ratio if the diacyl chloride is 
added to a solution of the amiiobenzhydrazide. If the inverse 
addition is employed and carried out sufficiently slowly, the 
amiiiobenzhydrazide would be expected to react completely during 
the early stages of polymerization a d  the effects of kl/tz would 
go unnoticed Second, the course of the reaction w i l l  become 
influenced by the base.HC1 equilibria since the amine salts do 
not react with acyl chlorides [ 71. Thus the presence of acid 
acceptors or the use of a basic solvent would be expected to 
affect the manner in which the polymer chains are formed. 
Finall:p, if the ratio of kJkz is extremely large or extremely 
small, then one type of condensation between I and II will pre- 
dominate and an essentially ordered polyser  VFill be the result. 

The! total possibilities for the effects of reaction conditions 
and relative reactivities on incipient structure appear quite 
l u g e .  Since any competitive chemical reactions will lead to 
some degree of disorder in the final polymer structure, one 
must select experimental conditions which maximize the effect 
of any difference in the reactivity of the m i n e  and hydrazide 
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104 MORRISON ET AL. 

groups of the amhobenzhydrazide toward terephthaloyl chloride if 
a maximally ordered polyrner is desired. 

If the reactivity of the hydrazide end of PABH is much greater 
than that of the m i n e  end, i.e., kr >> k2 (as seems reasonable on 
the basis of preliminary rate measurements) and the reactivity of 
the unreacted half of the terephthaloyl moieF] is essentially 
equivalent to that of unreacted terephthaloyl chloride, then chem- 
ical order can be created by a slow addition ot' the diacyl chloride 
to the aminobenzhydrazide under conditions of ideal mixing. The 
two possibile reaction pathways to the ordered polymer V under 
these conditions cm best be understood from graphical illustra- 
tions indicated in Situations 1 and 2 of Scheme 2. 

25 "9 75 100 

SCHEME 2. Silxation 1 (top): The reaction of terephthaloyl 
chloride with p-aminobenzhydrazide in the presence of an efficient 
acid acceptor "B." Situation 2 (bottom): The reaction of terephthaloyl 
chloride with p-aminobenzhydrazide in the absence of an efficient acid 
acceptor. (The term "efficient acid acceptor may be deiined as a 
material which would preferenttally and completely tie up the HC1 
when in competition wi th  the very basic hydrazide groups. An acid 
acceptor which would actually meet these requirements would be 
remarkable.) For both sihrations the abscissas a re  the percent of 
that amount of terephthaloyl chloride required for polymer C% com- 
pletion of polymerization), and the ordinates are the per cent arnine 
and hydrazide ends reacted divided by 2. (- - )  Eiydrazide ends; 
(-) amine ends. 
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SELF-REGULATING PO LI'CO h?)ENSATIONS. IT 105 

According to the reaction sequence of Situation 1, the aminobenz- 
hydrszide would exist in the following forms during the polymerization: 
- At: 25% compledon of polymerization, 50% as  

I11 

aad 50% as 

At 505 completion of polymerization, 100% as III f B.HC1. From 
this point, perfect chemical order is inevitable. 

According to the reaction sequence of Situation 2, the aminobenz- 
hydrazide is observed in the following forms during the polymerization: 
- At 25% completion of polymerization. 50% as III and 50% as 

- At 50% completion of polymerization, 50% as 

and 50% as 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
2
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



106 MORRISON ET XL. 

This scheme now requires an entirely preferential reaction on amine 
ends before further reaction on hydrazide ends. 

There, at 75% completion of polymerization, 50% as 

and 50% as 

From this point, perfect order is obtained. 
It is apparent that the only requirement for the formation of a 

wholly ordered polymer of type V is that only one type of end group 
should react completely with the diacyl chloride at a given point in 
b e .  

For the reactian sequence to follow that outlined in Situation 2 
from 50% to completion, a nearly quantitative preference for amine 
ends must be exhibited by the acyl chloride groups. Such a prefer- 
ence can occur only if the dissociation of the hydrazide salt is almost 
nonexistent. There is the possibility that differences in association 
can be offset by the differences in reactivity to such an extent that 
the hydrazide remains competittve in spite of large differences in 
association constants. Nevertheless, if one could effectively achieve 
nondissociatton of the hydrazide salts, then a wholly ordered polymer 
would be almost unavoidable. 

Since the equilibrium of HCX among all the basic sites in the 
reaction mixtures could very well effect a deviation from the ideal 
situation described in Situation 2, the method of choice for optimum 
order would appear to be as described in Situation 1. Unfortunately, 
however, there are practical problems involved with the use of 
strongly basic materials in the polymerization mixtures. In DPUc, 
the usual basic solvent employed in these reactions, the hydro- 
chloride salt of a strong organic base (such as triethylamine) 
usually crystallizes. Furthermore, removal of HCX from the 
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SELF-REGULATIIU’G POLYCO h’DESSATIONS. II 107 

DhL4c system gives rise to a lower solvating power of the solvent, 
leading to the possibility of partially precipitated polymer. In 
either system the diffusion problem caused by the increasingly 
larger molecules which form in the reaction mixture could 
effect deviations from ideal behavior. Consequently neither situation 
appears to be free of effects which could cause less than perfect 
order. 

E x a m i n a t i o n  of C h e m i c a l  O r d e r  

A method for determining the chemical compositions of oligomers 
ii the presence of m i n e  and hydrazide salts formed by a slow addi- 
tion of the diacyl chloride (TCl) to a solution of the PABH would 
enable one to determine the respective percentages of reaction on 
the araine and hydrazide ends of the aminobenzhydrazide as a func- 
tion af added diacyl chloride. This determination of the reaction 
course during the early stages of polymerization would enable one 
to estimate the relative reactivities of the a m b e  and hydrazide ends 
(i.e., :kl/kz) and to predict, a t  least qualitatively, the degree of.order 
in a polymer that results from completion of the addition of the 
stoichiometric amount of diacyl chloride required for high molecu- 
lar weight polymer. A positive correlation of this predicted order 
with that obtained from electron diffraction and x-ray studies would 
provide credence to the assignment of the type and degree of order 
for a polymer made in a particular way. 

Tao techniques have been developed for studying the chemical 
corcposition of these reaction mixtures. One is based on the titra- 
tion of reacted hydrazide groups (as weak acids) with tetrabutyl- 
ammonium hydroxide [ 81. The other t e t b q u e  utilizes nuclear 
magnetic resonance spectroscopy (NMR) [ 91. The NhGt technique 
has been used for this study because it has allowed greater flexi- 
bility with the nonaromatic solvent systems used. The NMR 
technique is not useful, however, when an aromatic solvent is 
employed, and in such a case the titration method would be 
required. Reaction mixtures to which more than 50% of the 
theoretical diacyl chloride has been added have not been examined 
because of difficulties in analysis. Consequently, estimation of 
what the order of the polymer would be if the reaction were 
carried to completion were made on the basis of the analyses 
presented in Situations 1 and 2 (Scheme 2). 
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C h e m i c a l  O r d e r  of O l i o o m e r s  

The general reaction course during the early stages of polymeri- 
zation could be deduced from the .XMR data which indicated on the 
molecular level the precise manner in which the reacting molecules 
were condensing. The reaction curves for up to 50% completion of 
polymerization (b/a = 0.5; where b/a is the molar concentrarion 
ratio of diacyl chloride to aminobenzhydrazide in the ori,*al mix- 
ture) for six reaction conditions in which the TCl w a s  added slowly 
to solutions of PABH are illustrated in Figs. 1-6. These conditions 
included the addition of the TC1 as a solid or as a solution to solu- 
tions of the P A B H  in various solvents. (Note: When solid TCl was 
used i t  was always added to the reaction mitture all at once; the 
slow process of dissolution in the cold mixture realistically 
effected a slow addition of the reactant in these cases.) 

Selected reactions which involved the use of other mixtures are 
also discussed below. 

Figure 1 indicates that selective reaction during early stages of 
polymerization can be achieved by the addition of TCl as a solution 
in tetrahydrofuran (THF) to a DNWc solution of PXBH. This system 
can most easily be interpreted in terms of Situation 2 (Scheme 2). 
Since the theoretical curve predicted by Situation 2 appears to be 
followed rather closely (but not exactly) up to b/'a = 0.40, one must 
conclude that kl is inherently much greater than kt. Calculations 
based on the data from U s  system have indicated thaL kdk2 may 
be as high as 100/1 [ lo]. The apparent reversal in observed 
reactivities in the region from b / a  = 0.25 to 0.40 may be explained 
on the basis d the more basic hydrazide groups being tied up with 
HCl as discussed earlier. This almost complete revers& in 
observed reactivities implies also that the hydrazide salt shows 
little tendency to dissociate. 

At least two complicating factors can possibly e-xplain the 
decrease in preferential reaction above b/a = 0.40. By this point 
the quantity of HCL which has been generated is almost equivalent 
to the remaining W8aCted ambe and hydrazide groups. 
Consequently the HCI equilibria discussed previously and the 
effects of reactidty differences for the unprotnnated species 
may now be influencing the reaction course. Moreover, in addi- 
tion, the actual size of the oligomers may have Increased to such 
a point that molecular mobility is reduced, permitting diffusion 
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FIG. 1. Terephthaloyl chloride (TC1) added as a solution in 
tetrahydrofuran to a solution of p-aminobenzhydrazide (PABH). 
Abscissa: Per cent of that amount of TCl required for polymer 
Ib:a x 100, where b;a is the molar concentration ratio of TCl to 
P.4BH present in the ori,@nal mixture). Ordinate: Per cent amhe 
and hpdrazide groups reacted divided by 2. ( ) Hydrazide groups 
(by difference); ( o ) amine groups; ( 0  ) total. 

to exert a noticable effect. It appears rezsonable that strong dif- 
fusion control would tend to equalize the apparent kl and kl. Thus, 
if an acyl chloride molecule cannot diffuse freely, i t  is most likely 
to react with the nearest free amine o r  hybazide irrespective of 
any large difference in their reactivities. 

In contrast to Fig. 1, Fig. 2 indicates that when terephthalopl 
chlo:ride is added as  a soiid to DMAc solutions of PABH Over a 
range of concentrations, a relatively low degree of reactive selec- 
t i v i t y  is attained. Since i t  was demonstrated that kL is inherently 
much larger than kz, we must conclude that these reaction condi- 
tions fzvor diffusion rather than kinetic control. In other words, 
the reaction most likely occurs near the surface of the slowly 
dissolving TCl crystals and not furrher out in solution. 

Fincure 3 represents a case which is intermediate between those 
of Figs. 1 and 2. The addition of the diacid chloride in THF appar- 
ently allows for more adequate mixing before reaction occurs. 

in DMAc for pure DMAc enhances the selectix*ity of the reaction 
C’uriously, the substitution of a 5% solution of lithium chloride 
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110 MORRISON ET AL. 

I0 20 30 40 SO 

FIG. 2. TC1 added a s  a soIid to a solution or‘ PABH in dimethyl- 
acetamide. Abscissa and ordinate as in Fig. 1. ( 0  = 0.8 M PABH; 

= 0.278 M PABH; ci = 0.14 M PABH; * = 0.278 M PABH.) 
( 3 )  Hydrazide groups (by difference); ( 0  1 amine groups; (0  ) total. 

FIG. 3. TCI added as a solution in dimethylacetamide to a 
solution of PABH in dimethylacetamide. Abscissa, ordinate, and 
symbols as in Fis. 1. 

when the TCI is added as a solid (Fig. 4). Since DMAc/’LiCl acts 
in these reactions as a more potent solvent than DMAc, one might 
speculate that the enhanced selectivity may be a result of less  
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10 20 3C 40 50 

FtG. 4. TC1 added as a solid to a solution of PAEH in dimethyl- 
acekunide containing 55 dissolved WC1. Abscissa, ordinate, and 
symbols as in Fig. 1. 

diffusion control in the better solsent. This explanation map be 
valid., in part, but the most significant aspect of this cume is the 
high degree of reaction on hydrazide ends at  b / a  = 0.50. Since 
at  this point ‘75% of the hydrazide ends have reacted, somethhg 
in the system must have acted as a better acid acceptor than 
merely D U c  alone. i l t e r  analysis of the solvent indicated the 
absence of a strong base, a potentiometric technique demonstrated 
that the addition of L iCl  to DMAc does indeed increase the acid 
accepting ability of the sohent  [ 81. 

Further credence may be given to this basicity argument for 
the DMXc/’LiCl system because the curve for the reaction with 
the unusually basic H P T  system [ 111 (Fig. 3)  is essentially super- 
imposable with that in Fig. 4. As would be expected, the curves 
for both of these systems indicate that the reactions are tending 
to follow the reaction pathway described in Situation 1 (Scheme 2) 
rather than that of Situation 2. 

Figure 6 indicates that the N M P  system also is intermediate 
between those described in Figs. 1 and 2. The general shape of 
this curve suggests not only a less strongly diffusion controlled 
reaction than that observed in DMAc (Fig. 2), but also at least a 
comparable degree of relatively poor acid accepting ability of 
the :solvent since a strong break occurs in the curve around 
b, a = 0.25. 
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10 
# 

20 30 40 50 

FIG. 5. TC1 added as a solid to  a solution of PABH in hexa- 
methyiphosphorictriamide. Abscissa,  ordinate, and symbols as 
in Fig. 1. 

FIG. 6.  TC1 added as a solid to a solution of PABH in N-methpl- 
pyrrolidone. Abscissa, ordinate, and symbols as in F i g .  1. 

X few reactions which were carried out in the presence of tri- 
ethylamine have indicated in a general sense that a mare preferential 
reaction can sometimes be effected by this method. However, the 
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SELF- REG ELATING PO LYCOPSD ENS ATIONS. II 113 

reprodccibility of these experiments up to this point has been poor. 
Reasons for this lack of reprdwibi l i ty  a re  unknown. 

of anhydrous HCI. Specifically, a sufficient quantity of a standard 
solution of dry HCI in DMAc w a s  added to a D U c  solution of PABH 
to tie up (theoretically) all of the hydrazide groups a s  salts. This 
solution resembles that of a reaction mixture in which b/a = 0.25 
and in which all the reaction up to that point had occurred on 
hydratide groups (theoretical S i b t i o n  2, Scheme 2 ) .  All 
of the aromatic amine groups would be expected to be free to 
react, while the hydrazide groups would be either reacted or tied 
up as  salts. To this "PAElH.HC1" solution was then added 25% of 
the theoretical amount of TC1 required for polyner fornation. Out 
of a maximum of SO%, the measured amounts of aromatic amine 
ends reacted with 28 and 36% for additions of b e  acid chloride as  
a solid and in THF, respectively. Furthermore, addition of a sim- 
ilar portion of the TCI as a solid to a "PABH.ZHC1" solution resulted 
in 41% of the aromatic amines reacting. These results confirm not 
only the existence of an equilibrium of HC1 among all the basic 
centers in the reaction system, but also that additional HC1 appears 
to :suppress hydrazide salt  dissociation to a much greater extent 
than the amine salt  dissociation. 

:In interesting series of reactions was carried out in the presence 

- C h e m i c a l  O r d e r  of P o l y m e r s - P r e d i c t i o n  a n d  
C a'nf i r m a t  i on of R e 1 a t ir e 0 r d e r - 

If one assumes that the experimentally observed deviations from 
those theoretical pathways which appear necessary for obtaining an 
ordered polymer, V, indicate acbiering less than complete order, 
then no polymer prepared by the one-step processes reported here 
attained the perfect order of the polymer prepared by the two-step 
route. Nevertheless, these studies suggest that the polymers which 
would result from completion of the TC1 addition would have chemi- 
cal order in a range from relatively high (THF case, Fig. 1) to 
rather low (TCI ;DLUc case, Fig. 2). Therefore, showing that by 
controlling the manner and environment in which TCI and P-4BH 
are brought together, one can control the chemical order of the 
polymer to a quite significant degree. 

ticms of the PABH in HPT (Fig. 5) would be expected to have a 
chemical order which is intermediate between the two extremes 
mentioned above. Likewise, the polymer prepared from DMAc 

(S) 

Polymer prepared by the addition cf the TCl as a solid to s o h -  
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114 MORRISON ET XL. 

solutions of both reactants under the conditions described in Fig. 3 
would be e-xpected to e.uhibit this intermediate degree 01 order. The 
curves in Fig. 4 show that a polymer more ordered than those a a d e  
by the methods described in Figs. 3 and 6 could be produced. Never- 
theless, the order would be expected to be less than that of polymer 
made according to the method described in Fi3. 1. A golymer ?re- 
pared by the addition of solid TC1 to PABH in N M P  (Fig. 6) .would be 
expected to be ordered almost as  well as  one m d e  by the addition or' 
a THF solution of TCl to a DMAc solution of the PABH. 

Electron diffraction studies on annealed polymer films [ 121 have 
confirmed that one does indeed obtain polymers with widely different 
degrees of chemical order as a consequence of varying the reaction 
conditions along lines similar to those shown in Figs. 1-6. Such 
electron diffractograms a re  reproduced in Ref. 5. 

E X P E R I M E N T A L  

A 250-ml three-necked conical flask equipped with a mechanical 
st irrer,  nitrogen inlet, dryrng tube, and dro~ping funnel (where 
necessary) was dried completely by the application of a Bunsen 
flame before introduction of the reactants. Dry DhUc [DuPont), 
p-aminobenzhydrazida (Gallard-Schlesinger J ,  and t erephrhaioyl 
chloride (Hooker) were used as solvent and monomers. 

K i n e t i c  S t u d i e s  

NMR spectra were determined on a Varian A60 &WlR spectrom- 
eter; integrals were averages of 5-10 scans. A few drops of 
trifluoroacetic acid were added to the samples prior to examination. 
All solvents were previously dried Over 3 A molecular sieves and 
the same source of raw materials were used throughout this study. 
Typical reactions are described below. 

Acid Chloride Added as a Solid 

was chilled to about -10' by t!!e application of an ice-salt bath for 
30 min. To this chilled solution w a s  added (with vigorous stirring1 
0.353 g (0.00174 mole) of TC1 by means of a slender funnel of 
weighing paper which was held slightly above the liquid surface. 
The reaction was stirred for about 2.3 hr during which time the 
acid chloride slowly dissolved, the ice melted, and the bath slowly 

A solution of 1.051 3 (0.0069S mole) oi PABH in 23.7 ml of D iUc  
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SELFLREGELATING POLYCOh7lENSXTIONS. Il 115 

warmed up to room temperature. The pale yellow solution was then 
exarrined by NMR. 

Reaction in the Presence uf Triethylamine 

was lchilled to about -10" by the application of an ice-salt bath for 
30 min. To this rapidly st irred solution was added 0.54 ml (0.39 g, 
0.0039 mole) of distilled triethyIamine followed by 0.353 g (0.00174 
mole) of TC1. Stirring was  continued for 2.5 to 3 hr during which 
time the ice melted and the bath generally warmed up to room 
temperature. The fine white precipitate of triethylamine hydro- 
chloride w a s  removed by filtration and washed with dimethyl- 
acekunide. The collected filtrate was then examined by NXIR,. 

A solution of 1.051 g (0.00695 mole) of PABH in 23.7 ml of D U c  

- Reaction ir. DMAc/LiCl 

in DI.MAc except that a 5% solution of LiCl in DMAc was substituted 
for Inwe DMAc. 

Reactions carried out in DMAc/WCl were identical to those done 

Reaction in HPT 

Reactions carried out in HPT were identical to those carried out 
in D:MAc except that the PABH solutions were chilled only to 0" rather 
than to -10'. In some cases a small quantity of 5% LiCI in DMAc 
was added after the reaction w a s  complete in order to redissolve 
small amounts of crystallized material. 

Reaction in NMP 

NMP was chilled to 0" by the application of an ice-water bath for 
30 piin. To the chilled solution was added 0.36 g (0.00178 mole) 
of TCl with vigorous stirring. The ice-water bath was allowed to 
warm gradually to room temperature Over a period of 2.5-3 hr. 
The clear solution was examined immediately by NMR; otherwise 
a precipitate which does not a.lnxys redissolve in NMP sometimes 
form on standing. 

- 
A solution of 1.08 g (0.00714 mole) of PABB in 25 ml of distilled 

TC1 Added in THF-Preparation of the Symmetrical Diamine III 

A so~ution of 1.051 g (0.00695 mole) of PABH in 23.7 ml  of DMAc 
was chilled to about -10' by the application of an ice-salt bath for 
30 rain. A solution of 0.353 g (0.00174 mole) of TCI in 25 ml of 
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THF was then added slowly (with vigorous stirring) over a period of 
5-10 min and the dropping funnel was then washed down with an 
additional 5 ml of THF. About 5 min after the addition was complete 
the ice-salt bath was removed. Fifteen minutes later, vacuum 7as 
applied to the reaction mixture in order to remove the THF. The 
mixture was  st irred overnight under house vacuum during which 
time a white solid (identified as diamine EI by NMR and by a 
mixture melting point determination with an authentic sample [ 31 ) 
precipitated slowly. A clear solution was effected by the addition 
of 5 ml of a 5% solution of LiCl in DlMXc. This solution vas then 
examined by N?dR. 

constant regardless of the amount (up to 50% of theoretical for 
polymer formation) of TCI used. In the cases where 40 and SO';, 
respectively, of the TCl required for polymer had been added, a 
gummy material "oiled out" of solution. T b s  material dissolved 
as the THF was  removed. These two reactions were later carried 
out in one phase with a more concentrated solution of acid chloride 
in TBF, but the analysis results were identical to those obtained 
earlier. 

Note that in all of the THF additions, the volume of THF was 

TCl Added in DbUc 
Heactions which involved the addition d TC1 in D3Uc were usually 

carried out according to the procedure described above except that 
DMAc was substituted for THF, no vacuum w a s  applied, and the 
solutions remained homogeneous. When the quantities of DlMXc 
specified in the section were halved, little difference in experi- 
mental resuits was  noted. 

P o l y m e r  P r e p a r a t i o n s  

TC1 Added as a Solid 
Polymers can be preyared by the general procedure described 

in the first  example in the kinetics experimental section, with 
the exception that quimolar quanties (0.00695 mole) of both 
acid chloride and aminobenzhydrazide are allowed to react. 
Solvents for this procedure have included DMXc, DM.Ac/ 58 LiCl, 
NMP, andHPT. 

Addition of TCl in THF 
A solutian of 1.077 g (0.00712 mole) of PABH in 25 ml of a 3% 

solution of LiCl in DbUc  as chilled to about -10' by application 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
2
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



SELF- RE GCWTING PO LY C0h;DEKSATIONS. II 117 

of an ice-salt bath for 30 min. A solution of 1.446 g (0.00712 mole) 
of TCI in 30 ml of THF was added at a moderate rate with rapid 
stirring. After about 2,'3 of the acid chloride solution had been 
added, a phase separation was observed in the reaction mixture. 
The reaction mixture was stirred for 5 min before the remaining 
acid chloride solution was added rapidly. The dropping funnel was 
then rinsed down with an additional 20 ml of THF. Immediately a 
s t icky-loohg solid formed into a ball. The s t i r red reaction mixture 
was then allowed to warm slowly to room temperature while the THF 
was removed by either a rapid sweep of nitrogen o r  by vacuum. 
After 2 h r  a very viscous polymer solution had formed which was 
diluted with an additional 35 ml of $5 LiCl in DMAc. This solution 
was suitable for subsequent conversion into fibers and films. 

A polymer w a s  also prepared similarly in pure DMAc. 

S U M M A R Y  AND CONCLUSXONS 

The sigrzlficance of this study lies not only in the demonstration 
that more than one type of structure is possible in one-step 
polymerizations of TCl with PABH, but also that &s structure 
can be predicted and actually controlled (within certain limits) 
by the proper choice of experimentaI conditions. The techniques 
developed for the study of this system will surely find application 
in the study of other one-step reactions with monomers having two 
functional groups with dissimilar reactivities. 
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