
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Macromolecular Science, Part A
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597274

Water-Soluble Copolymers. XIX. Copolymers of Acrylamide with Sodium
3-(N-Propyl)acrylamido-3-Methylbutanoate: Synthesis and
Characterization
C. L. McCormicka; K. P. Blackmona

a Department of Polymer Science, University of Southern Mississippi, Hattiesburg, Mississippi

To cite this Article McCormick, C. L. and Blackmon, K. P.(1986) 'Water-Soluble Copolymers. XIX. Copolymers of
Acrylamide with Sodium 3-(N-Propyl)acrylamido-3-Methylbutanoate: Synthesis and Characterization', Journal of
Macromolecular Science, Part A, 23: 12, 1451 — 1467
To link to this Article: DOI: 10.1080/00222338608081136
URL: http://dx.doi.org/10.1080/00222338608081136

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597274
http://dx.doi.org/10.1080/00222338608081136
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J. MACROMOL. SCI.-CHEM., A23( 12), pp. 1451-1467 ( 1986) 

Water-Soluble Copolymers. XIX. Copolymers of 
Acrylamide with Sodium 3-(N-Propyl)acrylamido- 
3-Methylbutanoate: Synthesis and 
Characterization 

C. L. McCORMICK and K P. BLACKMON 

Department of Polymer Science 
University of Southern Mississippi 
Hattiesburg, Mississippi 39406 

A B S T R A C T  

The copolymerization of acrylamide (AM) with sodium 3- (N- 
propyl)acrylamido-3-meth lbutanoate (NaPAMB) has been studied 

positions have been determined from elemental analysis and 13C 
NMR. Reactivity ratio studies have been performed, and the value of 
r1r2 determined to be 0.36. The molecular weights, as deter- 
mined by low-angle laser light scattering of the copolymers, were 
found to decrease sharply with increasing NaPAMB content, and 
were in the range 0.5-7.0 X lo6.  The copolymer microstructures, 
including mean sequence length distributions, were calculated from 
the reactivity ratios. Knowledge of polymer composition, micro- 
structure, and molecular weight is utilized for assessment of 
structure/dilute solution property relationships reported in a 
subsequent paper in this series. 

in the range from 40 to 90 + o AM in the feed. The copolymer com- 
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1452 McCORMICK AND BLACKMON 

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

Water-soluble polymers have shown many properties lending them- 
selves to a wide variety of industrial applications [ 1, 21. Copolymers 
of acrylamide have especially increased in importance due to their 
utility a s  water-soluble viscosifiers and displacement fluids in en- 
hanced oil recovery [3, 41, Furthermore, recent developments in the 
area of hydrophobically modified acrylamide copolymers have shown 
great promise as a "new breed" of water-soluble viscosifiers, suit- 
able for enhanced oil recovery applications [5, 61. 

The aim of our continuing research is to prepare model water- 
soluble copolymers of acrylamide with large hydrodynamic dimen- 
sions in solution by tailoring the macromolecules with selected struc- 
tures. In this paper we report the synthesis, reactivity ratio studies, 
molecular characterization, and classical laser light-scattering 
studies of charged copolymers of acrylamide (AM) with sodium 3- 
(N-propyl)acrylamido-3-methylbutanoate (NaPAMB). In previous 
papers [7- 101 we reported the synthesis, characterization, and solu- 
tion properties of copolymers of AM with sodium 3-acrylamido-3- 
methylbutanoate (NUMB ) and sodium 3-methacrylamido-3-methyl- 
butanoate (NaMAMB). The substitution of an n-propyl group for the 
amide hydrogen of NaAMB to produce NaPAMB was performed to 
assess  the effects of increased hydrophobicity on solution properties, 
while maintaining the polyelectrolytic character of the polymers. 
Furthermore, substitution of a propyl group for the amide hydrogen 
would eliminate the possibility of a 6-membered intraunit hydrogen- 
bonded ring. 

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

M a t e r i a l s  a n d  M o n o m e r  S v n t h e s i s  

The synthesis of 3- (N-propyl)acrylamido-3-methylbutanoic acid 
(PAMBA) involved three steps. In the first step, n-propylamine 
(Aldrich Chemical Co.) was added dropwise with st irring to an equi- 
molar amount of 4-methyl-3-penten-2-one (mesityl oxide, Aldrich 
Chemical Co.). The temperature was maintained a t  15-25°C and the 
reaction allowed to continue for 8 h. This addition product was ob- 
tained in 80-90% yield based on remaining mesityl oxide double bonds 
present from "C NMR. The reaction product was then diluted with 
4-5 volumes of tetrahydrofuran (THF), and a slight molar excess of 
triethylamine (TEA) was added. Acryloyl chloride (Aldrich Chemi- 
cal Co,) was then added dropwise with st irring while maintaining the 
temperature of the reaction at  10°C with an ice bath. After approxi- 
mately 6 h the TEA:HCl salt was filtered and the THF removed by 
distillation. A dark, viscous material was obtained; upon cooling to 
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-80°C in an acetone bath, a yellow solid was isolated. After recrys- 
tallization of the solid from a mixture of methyl ethyl ketone and 
petroleum ether, the desired intermediate product, N-propyl diace- 
tone acrylamide (PDAAM), was obtained in a 30-40% yield (mp 
50- 51°C). 

PDAAM analysis. Calculated for C12H21N02: C, 68.25; H, 9.95; 

N,  6.64%. Found: C, 68.15; H, 9.98; N, 6.73%. 
In the final step of the monomer synthesis to convert the keto- 

methyl group to an acid group, potassium hypobromite (KOBr) w a s  
used. To 2.0 mol KOH in 400 mL H 2 0 ,  0.5 mol Br2 was added with 
st irring while maintaining the temperature a t  about 10°C in an ice 
bath. This KOBr solution was then added dropwise with st irring to 
0.1 mol PDAAM dissolved in 2000 mL p-dioxane while maintaining 
the temperature at  10°C. The reaction was allowed to proceed for 
approximately 8 h, after which the pH of the mixture was adjusted to 
2-3 by addition of concentrated HC1. The acidified mixture was then 
extracted with chloroform. After removal of the chloroform, a vis- 
cous material was obtained which could be isolated by recrystalliza- 
tion from ether. The desired monomer, 3- (N-propyl)acrylamido-3- 
methylbutanoic acid (PAMBA), was obtained in 40-60% yield (mp 76- 
78°C). 

N,  6.57%. Found; C, 61.41; H, 8.82; N, 6.58%. IR: COOH (broad), 
3 200-3 000 cm- ; C=C-H, 2 980 cm-'; aliphatic C-H, 2 880 cm-'; 
amide C=O, 1 650 cm-'; acid C=O, 1 730 cm-' ( s ) ,  1 390 cm-' ( m )  

Acrylamide (AM) from Aldrich Chemical Co. was recrystallized 
twice from acetone and vacuum dried at  room temperature prior to 
use (mp 83-84°C). Potassium persulfate from J. T. Baker Co. was 
recrystallized twice from deionized water prior to use. 

PAMBA analysis. Calculated for C11HlgN03: C, 61.97; H, 8.92; 

P o l y (  S o d i u m  3 -  ( N - P r o p y 1 ) A c r y l a m i d o - 3 -  
M e t h y l b u t a n o a t e )  a n d  P o l y  ( A c r y l a m i d e - c o -  
S o d i u m  3 -  (N-Propyl)Acrylamido-3-Methylbutanoate) 

The homopolymer of sodium 3- (N-propyl)acrylamido-3-methyl- 
butanoate (NaPAMB) and the copolymers of acrylamide (AM) with 
NaPAMB were prepared in aqueous solution a t  30°C using 0.1 mol% 
potassium persulfate as the initiator. Each reaction w a s  conducted 
in a 1000-mL 3-necked flask equipped with a mechanical s t i r r e r  and 
nitrogen inlet tube. A designated amount of 3- (N-propy1)acrylamido- 
3-methylbutanoic acid (PAMBA) w a s  partially dissolved in deionized 
water followed by the addition of an equimolar amount of NaOH. A 
designated amount of acrylamide dissolved in deionized water was 
then added to the neutralized PAMBA solution, and the pH of the en- 
t i re  mixture w a s  adjusted to 9.0 * 0.1 by dropwise addition of 0.5 M 
NaOH. The pH adjustment was performed to insure that all of the 
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carboxylated monomer was in the sodium sal t  form. Each reaction 
mixture was then deaerated with oxygen-free nitrogen for 20 min. 
The designated quantity (0.1 mol%) of potassium persulfate initiator, 
dissolved in deionized water, was injected into the reaction vessel. 
The total monomer concentration in each reaction was held constant 
a t  0.456 M. 

After desired reaction intervals, the resulting polymer was diluted 
with deionized water and precipitated into reagent-grade acetone. The 
polymers were subsequently purified by reprecipitation into acetone 
followed by freeze-drying and then vacuum drying for 2 days. Con- 
versions were determined gravimetrically. Table 1 lists reaction 
parameters for the copolymers of AM with NaPAMB and the homo- 
polymer of NaPAMB. 

IR: PAMB homopolymer, C-H, 2 970 cm-'; amide C=O, 1660  
cm-'; sodium salt C=O, 1 590 cm-' ( s ) ,  1 420 cm-' ( s ) .  Typical 
copolymer: PAMB-40-2, N-H (broad), 3 500-3 200 cm-'; C-H, 2 970 
cm-'; AM amide C=O, 1 680 cm-'; NaPAMB amide C=O, 1 660 cm-'; 
sodium salt C=O, 1 585 cm-' ( s ) ,  1 420 cm-' ( s ) .  

E l e m e n t a l  A n a l v s i s  

Elemental analyses for carbon, hydrogen, and nitrogen of the AM- 
NaPAMB copolymers were conducted by M-H-W Laboratories of 
Phoenix, Arizona (Table 1). The copolymer compositions were cal- 
culated using C/N ratios to reduce the variability of absolute values 
due to the hygroscopic nature of the polymers. Elemental analyses 
were conducted a t  low and high polymer conversions to assess the 
effects of compositional drift. The calculated copolymer composi- 
tions at  high and low conversion were found to be in good agreement; 
thus, the effects of compositional drift can be considered to be minimal. 

l 3  C N u c l e a r  M a g n e t i c  R e s o n a n c e  S p e c t r o s c o p y  

13C NMR spectra for the AM-NaPAMB copolymers and NaPAMB 
homopolymer were obtained a t  22.5 MHz on a JEOL FX-9OQ spec- 
trometer using 5-10 wt% aqueous (D20) polymer solutions in 10-mm 
tubes. A pulse repetition of 2 s and a 70' flip angle with gated de- 
coupling to remove all NOE were used for quantitative studies. Typi- 
cally, a total of 40 000 transients was accumulated. 

L o w - A n g l e  L a s e r  L i g h t  S c a t t e r i n g  

Low-angle laser light-scattering measurements to determine 
molecular weights were performed with a Chromatix KMX-6 photom- 
eter. Refractive index increments were obtained with a Chromatix 
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KMX- 16 laser  differential refractometer. All  measurements were 
performed a t  25°C in 0.514 M NaCl aqueous solutions a t  a pH of 8.0. 
Weight-average molecular weights and second virial coefficients are 
shown in Table 2 for the AM-NaPAMB polymers and, for  comparative 
purposes, a homopolyacrylamide sample prepared under the same re- 
action conditions. 

R E S U L T S  AND DISCUSSION 

R e a c t i v i t y  R a t i o  S t u d i e s  

The monomer feed ratios and the resultant copolymer composi- 
tions as determined from elemental analysis (Table 1) were used to 
calculate reactivity ratios for  the AM-NaPAMB monomer pair. The 
Fineman-Ross method [ll] and the Kelen-Tiidos method [12] were 
employed to determine the reactivity ratios at low conversion. Figure 
1 is the Fineman-Ross plot for acrylamide ( M1) and sodium 3- (N- 
propyl)acrylamido-3-methylbutanoate ( Mz). The reactivity ratio r 
was determined to be 1.11 i 0.02 from the slope of the line and r2 = 

0.26 i 0.03 from the intercept. A plot of the data according to the 
Kelen-Tiidis method is shown in Fig. 2, and graphical evaluation yields 
reactivity ratios of 1.14 i 0.02 and 0.32 i 0.04 for M1 and Ma,  respec- 
tively. A comparison of the reactivity ratios obtained from the two 
low-conversioz methods is given in Table 3. The observed data in 
the Kelen-Tudos plot (Fig. 2)  are linear, an indication that the co- 
polymerizations of AM with NaPAMB follow conventional copolymeri- 
zation kinetics under a prerequisite that the reactivity of a polymer 
radical is only determined by the terminal monomer unit [ 131. 

as a function of feed composition for the copolymerization of AM 
with NaPAMB is shown in Fig. 3. The copolymerization curve w a s  
derived from the copolymerization equation using the experimentally 
determined Kelen-Tiid& reactivity ratios. The experimental data 
are in excellent agreement with the projected copolymerization 
curve. From the reactivity ratios and the subsequent microstructural 
analyses, it can be seen that the AM-NaPAMB copolymers are gener- 

The copolymer composition (determined from elemental analysis) 

TABLE 3. Reactivity Ratios for the Copolymerization of Acrylamide 
(MI)  with Sodium 3- (N-Propyl)Acrylamido-3-Methylbutanoate ( M 2 )  

~ 

r r  Method r 

Fine man- Ross 1.11 * 0.02 0.26 i 0.03 0.29 
Kelen- Tud& 1.14 * 0.02 0.32 i 0.04 0.36 

1 r2 1 2  - 
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ally random in nature, possessing a slight alternating tendency with 
respect to the NaPAMB ( M a )  monomer. 

M a c r o m o l e c u l a r  S t r u c t u r e  
The structures of the AM-NaPAMB copolymers and NaPAMB 

homopolymer were verified by IR, I3C NMR, and elemental analy- 
ses.  The copolymer compositions obtained from I3C NMR were de- 
termined using the procedure described for random copolymers of 
acrylamide with sulfonated comonomers [ 141. Briefly, the carbonyl 
region at  177-181 ppm was used as a standard, and other NaPAMB 
peaks (Nos. 9 and 10 in Fig. 4 )  were integrated to give the percent 
of NaPAMB in the copolymer. The copolymer compositions as de- 
termined by 13C NMR are shown in Table 1, and agree favorably 
with the compositions as determined from elemental analysis. A 
typical 13C NMR spectrum of a copolymer of AM with NaPAMB 
(PAMB-40-2) is shown in Fig. 4, while the typical copolymer peak 
assignments and spin-lattice relaxation times, TI ,  a r e  given in 
Table 4. 

A s  a further step in the macromolecular characterization of the 
AM-NaPAMB polymers, weight-average molecular weights were 
determined by low-angle laser light scattering and found to decrease 
sharply with increasing NaPAMB content. The molecular weight and 
second virial coefficient data a r e  shown in Table 2. 

E f f e c t  of F e e d  C o m p o s i t i o n  on  M o l e c u l a r  W e i g h t  

The effect of feed composition on molecular weight is shown i n  
Table 2 for the AM-NaPAMB polymers and, for comparative pur- 
poses, a homopolymer of acrylamide prepared under the same re- 
action conditions. Second virial coefficients were also obtained from 
the light-scattering data, The molecular weight was  found to de- 
crease sharply with increasing NaPAMB content, and ranged from 
7.0 X lo6 for PAMB-10-2 (8.8 mol% NaPAMB) to 0.52 X lo6 for 
PAMB-60-2 (53.4 mol% NaPAMB). The homopolymer of NaPAMB 
had a weight-average molecular weight of only 0.26 X lo6. A lower 
degree of polymerization would be expected with increasing NaPAMB 
content in the feed due to the presence of a large number of poten- 
tially abstractable hydrogen atoms on the NaPAMB monomer. Fur- 
thermore, the bulkiness of the pendent group of NaPAMB could ad- 
versely affect the degree of polymerization. 

The second virial coefficients of the AM-NaPAMB copolymers 
vary widely due to large differences in molecular weights. The 
polymer-solvent interaction would also vary with the changing hydro- 
phobic character as a function of NaPAMB content. The homopoly- 
acrylamide sample exhibited the highest molecular weight, apparently 
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TABLE 4. "C NMR Peak Assignments for  Copoly- 
m e r s  of Acrylamide with Sodium 3- (N-Propy1)- 
Ac rylamido- 3- Me thylbutanoate 

Peak Chemical Spin-lat tice 
number shift, ppm relaxation t imes T,  , s 

1? 3 
2 

4 
5 

6 

l 1  12 
8 

9 

10 

11 

13 

36.4 

43.2 

40.3 

180.5 

181.2 

48.1 

27.0 

11.5 
60.2 

28.2 

177.2 

0.04 
0.07 

0.07 

1.2 

1.2 

0.04 

0 .05  

0.3 

0.7 

0.07 

1.0 

due to the very slow rate of termination observed for  acrylamide 
115. 161. 

C o p o 1 y m e r M i c r o s t r u  c t u r e  

The microstructure of the copolymers of acrylamide ( M  ) with 

sodium 3- (N-propyl)acrylamido-3-methylbutanoate ( Mz) is expected 

to be important i n  determining the solution properties which the co- 
polymers exhibit. The statist ical  distribution of monomer sequences 
M1-M1. M2-M2, and M1-M2 may be calculated using the method of 

Igarashi [ 1 7 J .  Mean sequence lengths, p1 and p2, can be calculated 
utilizing Eqs. ( 1) and ( 2 )  [ 181 : 
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where r and r are the reactivity ratios for  the monomer pair. The 
calculated structural data for  the copolymers of AM with NaPAMB 
are listed in Table 5. The mean sequence length of acrylamide, pAM, 

varied from 11.3 a t  a 9 1.4/8.6 mole ratio of AM/NaPAMB in the co- 
polymer to 1.8 a t  a 53.5/46.5 mole ratio. For those copolymer com- 

were 1.0 and 1.5, respectively. Table 6 positions, values of 
l ists  additional structural data for the copolymers of AM with NaPAMB 
involving triad and pentad sequence distributions, as well as run num- 
bers ,  calculated using the method of Harwood and Ritchey [19]. The 
relatively low (as compared to an alternating system) run numbers 
calculated for the AM-NaPAMB series would indicate the general ran- 
domness of addition of the two monomers. As seen from the mean 
sequence length data (Table 5)) longer blocks of AM units would be 
formed due to the slight preference of addition of AM to itself. 

are the probabilities of a NaPAMB- 
centered triad and pentad, respectively, while NABA and NAABAA are 
the expected numbers of NaPAMB-centered triads and pentads per 100 
monomer units. The maximum number of NaPAMB-centered triads 
was found to occur at a copolymer composition containing about 38 
mol% NaPAMB, while the maximum number of NaPAMB-centered 
pentads occurred a t  a copolymer composition containing approximately 
21 mol% NaPAMB. The maximum triad and pentad values were ob- 
tained by calculating a broad spectrum of AM-NaPAMB copolymer 
compositions from the Eopolymerization equation using the experiment- 
ally derived Kelen-Tudos reactivity ratios of r = 1.14 and r2 = 0.32. 

1 2 

%JaPAMB 

and 'AABAA In Table 6, PABA 

1 

TABLE 6. Calculated Structural Data for  the AM-NaPAMB Copolymer 
System 

Sample Run 'ABA 'AABAA N~~~ N~~~~~ 

PAMB- 10- 1 16.3 0.93 0.77 7.9 6.5 
PAMB-25- 1 36.2 0.81 0.48 16.4 9.8 
PAMB-40- 1 51.0 0.67 0.27 21.0 8.4 
PAMB-60- 1 61.7 0.45 0.08 20.9 3.9 
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C O N C L U S I O N S  

Copolymers of acrylamide (AM) with sodium 3- (N-propy1)acryl- 
amido-3-methylbutanoate (NaPAMB) were prepared in aqueous solu- 
tion using potassium persulfate as the initiator, Elemental analysis 
and I3C NMR were used to determine the copolymer compositions. 
The reactivity ratios, r r - 0.36, were determined from two low con- 

version methods, and indicate the randomness of addition of these 
monomers. "C NMR peak assignments have been made and spin- 
lattice relaxation studies performed, The copolymer microstructures 
were predicted utilizing statistical methods of Igarashi [ 171 and Har- 
wood and Ritchey 6191. Weight-average molecular weights in the 
range 0.3-7.0 X 10 were measured for the AM-NaPAMB polymers; 
these were found to  decrease sharply with increasing NaPAMB con- 
tent. The molecular weight, copolymer composition, and microstruc- 
tural data of the AM-NaPAMB copolymers a r e  used for the assessment 
of structure/dilute solution property relationships in a subsequent 
paper. 
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