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MACROMOLECULAR R E P O R T S ,  A29(SUPPL. 3), 335-340 (1992) 

NMR PENTAD RELATIONSHIPS 

James F. Ross 
Quantum Chemical Corporation 

8935 N. Tabler Road 
Morris, IL 60450-9988 

ABSTRACT 

Modem NMR apparatus can now resolve polyolehn compositional sequences of up to five con- 
secutive monomer units (pentads). The relationships among these pentads and their predicted 
tiquencies for different kinetic models are presented here. 

DISCUSSION 

In al l  cases, these relationships are extrapolations of earlier published work with shorter se- 
quences. Derivation of the present equations is straightforward but tedious. The previous work 
should be consulted for basic equations and nomenclature. Except where specificaIly noted, the 
nomenclature and methods of Frisch et al [I] and Ross [5 ]  are used. 

Pentad Internlationships are listed in Table I. 

Bemoullian pentads are designated PB (n) 

Coefficients given in Tables XI. ILI, IV refer to the following equations: 

First Order Markovian: 

PF(n) = FF(n)/(a+b) 

33 5 
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336 ROSS 

TABLE I 

flECESSARY RELATIONSHIPS AMONG PENT ADS 

SUM= 1 

(rnmrnrm) + (mrnmrr) = (mmmmr) + 2[(rrnmrnr)] 

(mmrnrm) + (rmmrm) = (rnmrmr) + 2[(mmrmm)] 

(rnmmrr) + (rrnmrr) = (mmrrm) + (rnmrrr) 

(mmrmr) + 2[(rrnrrnr)] = (mrrnrr) + 2[(mtmrm)] 

(rmrrrn) + (rrnrrr) = (mrmrr) + 2[(rrmrr)] 

(mmrrr) + (rmrrr) = (mrrrr) + Z[(mrrrrn)] 

(rnmrnm) = (rnmmmm) + 1/2[(mmrnmr)] 

(mmrnr) = (rrnmrnr) + l/l[(mmmmr) + (mmrnrrn) + (rnrnrnrr)] 

(rrnrnr) = 1/2[(rrnmrm) + (rmmrr)] 

(mrnrm) = (mrnrrnm) + 1/2[(mrnrnrm) + (rrnmrrn) + (mmrrnr)] 

(rnmrr) = 1/2[(rnmmrr) + (rmmrr) + (mrnrrrn) + (rnmrrr)] 

(rrnrm) = (mrmrrn) + (rmrmr) + 1/2[(rnrrnrr) + (nimrmr)] 

(rrnrr) = (rrrnrr) + 1/2[(rrntrr) + (rrnrrrn) + (mrmrr)] 

(rnrrm) = 1/2[(rrnrrrn) + (rnmrrm)] 

(rnrrr) = (rnrrrm) + 1/2[(rnrrrr) + (rrnrrr) +rn (mmrrr)] 

(rrrr) = (rrrrr) + 1/2[(rrrrm)] 

where a = P d r  = (mr)/I20) + (IN)] (change in nomenclature from [2],[3]) 
b = P h  = ( t ~ ) l [ 2 ( t ~ )  + (m)] 

Second Order Markovian: 

Dual Site or Modified Coleman - Fox [4],[3] 
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NMR PENTAD RELATIONSHIPS 

TABLE I1 

33 7 

- N 

1 
2 
3 

8 
9 
10 

11 
12 
13 

14 
15 
16 
17 

18 
19 
20 

MARKOVIAN PENTAD FACTORS 

config. PB(n) FF(n) 

(-) 2m4r 2a2b( 1-b)2 
(-1 2m39 2ab( 1-a)(l-b)2 
(-) 2m3s 2a2b2(1-b) 
(-) 2m2r3 2ab2( 1-a)( l-b) 

(-) m33 a3b2 
(-) 2m2r3 2a2b2( 1-a) 

m 4  ab2( 1-a)2 

(-1 m4r a2b( 1-b)2 
(-1 2m3s 2a2b2( l-b) 
(-) m2r3 a2b3 

(-> 2m33 2a2b(l-a)( 1-b) 
(-> 2m2r3 2ab( 1-a)2( 1-bl 
(m) 2m2r3 2a2b2( 1-a) 

2m4 2ab2( 1-a)2 

(-1 m2r3 a2b( 1-a)2 
(-1 2m4 2ab( l-a)3 

9 b( 1-a)4 
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n 

1 
2 
3 

8 
9 
10 

11 
12 
13 

14 
15 
16 
17 

18 
19 
20 

TABLE 111 

DUAL SITE OR MODIFIED COLEMAN - FOX PENTAD FACTORS 

M3 

4M3 
- 2 ~ 3  

4M2R 
- ~ M ~ R  
- ~ M ~ R  
4M2R 

4MR2 
- 4 M R 2  
4MR2 

4M2R 

4M2R 
- ~ M ~ R  

4MR2 
-JIMR~ 
-JIMR~ 
4MR2 

4R3 

R3 
- 2 ~ 3  
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n 

1 
2 
3 

4 
5 
6 
7 

8 
9 
10 

11 
12 
13 

14 
15 
16 
17 

18 
19 
20 

F I N h )  

TABLE IV 

NON-HOMO<;ENEOUS PENTAD FACTORS 

FAN(n) 

1 
-2 
1 

-2 
2 
2 
-2 

1 
-2 
1 

-1 
2 
-1 

2 
-2 
-2 
2 

-1 
2 
-I 
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Non Homogeneous [5] 
PN(n) = PB(n) + FIN(n) x 2  + F2N(n)~3 + F3N(n)XI + FIN(n)XS, 
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