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Small angle neutron scattering data are compared with given expressions of scattering cross section for 
isotropic and uniaxially stretched melts containing a large fraction ~b D of deuterated chains. An 
expression of the cross section as q D(1 -- q~ D) f(q), where f(q) is the correlation function of one chain, fits 
the data for equal molecular weights of hydrogenated and deuterated species. For different molecular 
weights in the case of isotropic melts an expression is given, which agrees well with the data. The data lie 
in a scattering vector range of 7.10 -2, 10 ~ A; seven values of ~b D were used for each mixture; the 
following deuterated and hydrogenated weights ~9 were mixed: 138000 and 155000, 105000 and 
155 000, 620 000 and 675 000. Both the Guinier range and the intermediate range are explored. Possible 
technical artefacts of high deuteration are discussed, especially multiple scattering which is not 
observed under normal conditions, and void scattering which is more difficult to avoid. 
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I N T R O D U C I " I O N  

The deuteration technique allows an efficient selective 
labelling of polymer chains and offers a unique possibility 
for studying monomer correlations in homopolymer 
melts ~-~'. 1"he method hitherto applied comprised 
diluting deuterated chains in a hydrogenated matrix in 
order to measure the scattering function of the single 
chain. Small concentrations (1", or 2",,) of deuterated 
chains wcrc used. Detailed studies of melts of flexible 
polymers (e.g. of polystyrene) led to the conclusion that 
the chains in the bulk arc essentially ideal and that their 
scattering function is of the Debye type up to scattering 
wave vectors q -~ 0.1 A - ~ (e.g.24). These results confirmed 
the theoretical predictions "s. 

However it has been already pointed out -''~ that this 
measurement of the single chain scattering function does 
not require a regime of small concentration of labelled 
chains. The use of a high concentration of deuterated 
chains would be a very convenient method since the 
stronger scattered intensity allows either the use of 
neutron sources of medium flux or much more precise 
studies. More precise studies will be particularly 
important when one is interested in small changes of the 
scattering function and essential when the neutron 
scattering is weak. These two conditions occur when the 
conformation of the chain in a deformed material is 
studied'*'~ o: the scattering is anisotropic and falls off along 
the elongation axis with greater rapidity when the 
elongation ratio increases. 

When the deuterated and hydrogenated chains have 
the same degree of polymerization and when the 
segregation effects arc weak, it has been predicted 2~ that 

the coherent scattering cross-section is directly 
proportional to the single chain scattering function. The 
aim of this paper is to examine the possibility of some 
experimental application of the high concentration 
technique to the study of the chain conformation in 
homopolymer melts, and in melts under uniaxial 
deformation. 

A general expression is given for homopolymer melts 
which takes into account the difference of molecular 
weights of the deuterated and hydrogenated chains, and 
the polydispersity of the polymers. Possible segregation 
effects between deuterated and hydrogenated monomers 
of the melt are discussed. The more general case of 
mixtures other than melts of ideal chains (e.g. stretched 
bulk) is examined. 

Before comparing this expression to experimental 
results, the problems of the treatment of raw data. 
specifically' related to high concentration of deuterated 
chains, are examined, in order to extract the coherent 
scattering cross-section. 

Experimental results are described for isotropic 
polystyrene melts and for uniaxially stretched polystyrene 
samples. Comparisons with predictions are discussed. 

Formuh~ used./or monomer  densi ty  corre la t io ,  lhm't ion i ,  
amorph(m.~ polymer  meh 

Introduction.  We considered a sample composed of a 
melt of blended deuterated and hydrogenated chains. The 
theoretical coherent scattering cross section, calculated 
for a volume r which is infinitely small, is equal to z 

Slq) = (a ~ - a , ) -  a.~ Stq) I 11 
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because the melt is uncompressible; a D and a .  are the 
coherent scattering lengths of the deuterated and 

hydrogenated monomer respectively: ~'.~; is the number of 
monomers, of volume a 3, and (d 

S(q)=13 ¢ C ([(~s(O)t~s~r))-(~/s)2]e~q'd3r 
l" 

(2) 

(j0 D has already been defined as the volume fraction of 
deuterated chains and (,0o(ND) is the fraction of the volume 
occupied by deuterated chains of chemical length N D to 
volume of all deuterated chains, or, in other words, the 
usual normalized weight distribution of the deuterated 
polymer. ,~,(q) has the same form. 

In the limit of small q vectors, we can use the averages 
N,,Nw,N, t4 

where ~'s(r) denotes the local volume fraction of monomer 
of one species, indifferently the deuterated or the 
hydrogenated one, as they are equal because of 
uncompressibility. The brackets ( > mean a statistical 
average on all the chains S of the volume v. 

We will now give the expression of,~(q), suitable to any 
concentration of deuterated species, and its conditions of 
validity; these results are derived in references 8, 14, 13. 

Expression used for the scattering power per monomer 
S(q)for melt of ideal chains. The derivated 8' 14,, 3 use of the 
RPA method, i.e. a mean field theory, is closely related to 
three conditions: 

(i) chains must be nearly ideal. This is known to be the 
case for homopolymer melts' -3, with the restriction that 
the smallest chains do not act as a good solvent for the 
biggest chains 3. We must have 8 

N H ~ N  L'2 ifrPH>tp D and N H < N D  

or ND~'N~ :2 ifq~D>(PH and N D < N  H 

where No (or respectively N,)  is the polymerization index 
and ~,o o (or respectively q~.) the volume fraction of the 
deuterated (or respectively hydrogenated) chains. 

(ii) macroscopic phase separation does not occur, 
i.e. 8.14 

(N IH:2 + N~ '2 ) 

;(F< 2N.ND 

where /~v is the Flory parameter 16 characterizing the 
interaction between hydrogenated and deuterated 
monomers. 

(iii) segregation interactions are weak. The obtained 
expression is then 8''4 

US(q) = I/SD(q) + 1/S.(q)- 2Zv (3) 

where ~'~(r) denotes the local volume fraction of 
deuterated monomer belonging to one given chain only, 
this chain is independent, like a single chain alone in a 
theta solvent. If we know the molecular weight 
distribution, we can express the average corresponding to 
the brackets ( > and 

ND= 

"~D(q) = ~O ; 

ND=0 

( 22) 
• q a  

(PD(ND)N Dg N D ~  d ND 

- " - 1  + x  
with 9(x)= 2 ~; x2 

(4) 

$(q)-t 1 1 q2a2l N=D N=. "] - _ _ . _ + _ _  - - + - - .  - NwDtPD{'NwH(,01-1 18LNw~D NwHtpHJ 2ZF 

(5) 

and another expression using N, and N,, holds when the 
values of q lie in the intermediate regime for all chains: 

~(q)- 1 _ 1 1 q2a2 
2NnDCPD F2N,HCp" 2ZF+ ]~ (6) 

Remarks. We will in practice use equations (3), (5), (6) 
where we will take Zv equal to zero. In this case, we can 
remark that if the deuterated polymer has the same weight 
distribution then the hydrogenated polymer (~0D(N) 
= q~n(N)) we find the preliminary expression used 2 

V~o. S(q) = (PD(I -- ¢PD)f(q) 

wheref(q) is independent of ~o D. 

Expression used for the stretched melt. It is not obvious 
in this case that the chains should remain 'ideal enough' to 
use the RPA mean field theory. It can just be assumed 8 
that, only in the case of the same deuterated and 
hydrogenated polymer (~0dN)=cp.(N), ,~(q) must be a 
polynomial of (PD of order 2. 

&q) - ~o t/'(q) + q~h(q) 

and that S(q,q~D= 1)=0 because the compressibility is 
zero. Thus, 

S(q,q)o) = ¢PD(1 - q2o)j(q) (10) 

In particular, equation (10) may be applied to the case of 
identical polymer melts uniaxially stretched above the 
glass transition temperature. In this case the function j(q) 
is anisotropic and depends on the orientation f(q) with 
respect to the elongation axis. We will not use the 
calculated formula ofj(q) for stretched chains (for details 
see refs. 12 and 10) since the problem is still unsolved. But 
it does not look as if this formula would give any simple 
dependence on N,, Nw and N:. 

Experimental process and high deuteration features 
Sample making. Anionic polystyrene was made at 

CRM* and EAHP**. Mixing the hydrogenated and 
deuterated polymers was done by dissolution of the 
powders in benzene (c= o/ 5~o) and then methanol 
precipitation. After vacuum drying for 3 days at 80~C, the 
P S H  PSD mixture was moulded under vacuum (10 -1 
Torr) at a temperature T,, of 18OC and a pressure p,, of 

* CRM: 6 rue Boussingault, 67000 Strasbourg 
*" EAHP: 4 rue Boussingault, 67000 Strasbourg 
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Table I Composition of the hydrogenated and deuterated polymers 

Polystyrene M W Number fraction 
MW Weight fraction of PSD (equal to 
- -  <1,2 of PSD volume fraction) 

Sample M N c 0 D  q)D (1 - ~D) 

620D/675 H 

PSH 

PSD 

MWH_ - MWD =10%) 
MWH 

675 000 0 0 0 
0.03 0.028 0.027 
0.06 0.056 0.053 
0.10 0.093 0.085 

620 000 0.20 0.188 0.152 
0.50 0.481 0.249 
0.70 0.684 0.216 

138D/155 H 

PSH 

PSD 

MwH - MWD =11% ) 
MWH 

155000 

138 00(3 

0 
0.06 0.056 0.053 
0.10 0.093 0.085 
0.20 0.188 0.153 
0.50 0.481 0.249 
0.70 0.684 0.216 
1 

105D/155 H 
PSH 
PSD 

MwH - MWD = 48% ) 
MWH 

155 000 0.20 0.188 0.153 
105 000 0.50 0.481 0.249 

620D/675 H 

Stretched 
Elongation ratio L/L o = 3 
Stretching temp. T = 126°C 
Velocity gradient s = 0.2 s - I  

0.03 0.028 0.027 
0.10 0.093 0.085 
0.50 0.481 0.249 
0.70 0.684 0.216 

Table 2 Scattering vector range for two small angle spectrometers D11 and D17 

Distance 
sample-detector h AX/X 

Spectrometer (m) (A) (%) 

620D/675 H 138D/155 H 
R 9 ~ 220A Rg ~ 125A 

q 105D/155H 
(A -1 )  R 9 ~ lOOA 

D17 2.83 13 10 2 10 -2  - 10 - l  
4 , 4 < q R g < 2 2  2 < q R  9< 10 
I ntermediate I ntermediate 
range range 

D l l  10 8 10 7 10 -3  - 5 10 -2 
07 <qAg<5 
Radius o f  
gyration 

80.105 Pa. The thickness was 0.5 mm for standard wafers, 
and varied from 0.1 mm to 1.3 mm in measurements to 
detect a thickness effect; the diameter was 12 mm. The 
compositions of the samples are given in Table 1. 

Neutron spectrometers. All experiments were performed 
at the Institute Lane Langevin, Grenoble. The use of the 
two small angle spectrometers, DI  1 and D17 provided us 
with a scattering vector range which, in comparison with 
the radii of gyration, overlaps both the Guinier range and 
the intermediate range, as can be seen in Table 2. 

In this section we will examine the cxprcssion of the 
neutron intensity detected at an angle 9L in order to 
discuss the effect of high deuteration on it. 

D!{lerent scatterin~l cross-sections. We have calculated 
the coherent scattering cross-section due to chaining of 

,1 
monomers which is. per unit volume, (aD-  a ~)~i/3 S(q). But 

wc must add the cross-sections due to an imaginary 
randomly deuteratcd homopolymer melt. Finally we can 

write the total cross-section per unit of volume: 

d/~ ,,~((1) , daiH daiD dl~ 
-. =(a . - -aD)"  a~- -~tJ.-~-~ +tq)~£~ + d ~  voids (11) dr2 

where: - l , , 'a  3 is the number of monomers per unit of 
dain . 

v o l u m c ; -  pU-df ~ xs the incoherent cross-section per unit 

of volume of hydrogenated monomers of number per 
d~u 

volume an; - d O  voids is thc coherent cross-section per 

unit of volume due to voids. In fact, wc can observc at the 
lowest q values, a fast decrease in scattering from a purely 
deuteratcd sample, although the scattered intensity from a 
onc spc ies only sample should be purely incoherent, 
tht's flat. We observed a similar zero-peaked signal from a 
completely hydrogenated matrix, but it was much weaker. 
We think that the best explanation for this is void 
scattering, which would be proportional for the 
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deuterated matrix to (ao-0)  2, which was much larger 
than ( a , - 0 )  2 for hydrogenated matrix. In our case of 
labelled samples, the voids signal will increase as (pDaD 
+ p,aH) 2, but it is also related to sample making (see Data 
reduction). 

dF~ 
Effect of finite thickness. Defining ~ (x,Q) df~ the 

scattered neutron flux in the solid angle dr'/ around 
direction fL at a path x from the entry face of sample 
(xr,[0,t]; t is the sample thickness) and the transmitted flux 
F.~x), we have: 

d(dF s d/~ _ Fs(x) f~' 
dxdf2 - F r ( x )~  + 

fl, 

dF ,, d/~ ff , o-o 
fl, 

(12) 

This equation allows us to discuss how the variation with 
thickness, of scattered intensity of highly deuterated 
samples (COD>I0°/o) is different from that of weakly 
deuterated samples (COD ~ 2%). 

The first and the second terms of equation (12) are 
always taken into account. The only peculiarity is that 

is nearly equal to PH~-~iHd~ for a weakly 

f l '  

deuterated sample, and is increased by a coherent part 
when COD increases (see Appendix A). 

The third term corresponds to an increasing of the flux 
at angle f~ owing to a second scattering from any other 
direction; in the case of weakly deuterated samples we 
usually neglect it and obtain: 

IiY.o 
dQ' 

dFs du " 
dO (Q,t) = Fo~( f l ) t  e- '  (13) 

samples 1 and 2 of thickness t~, t z and transmission T~, 7",, 
scatter a flux F t, F z, the scattered flux of the two 
superimposed samples is: 

F, = ( t ,  +t2)T, 7"2( F ' -+  F2 "I 
+ 2  \ t l T l  t2T2 } (14) 

This means that equation (13) is correct for our 
experiments; the scattered flux is proportional to the 
scattering cross-section. It is however also proportional to 
the transmission which depends not only on the 
incoherent scattering but also on the coherent scattering. 
The experimental variation of the transmission with COo is 
displayed in Figure 1 and compared with a computed 
approximation (see Appendix A). 

dF 
Data reduction. After dividing the intensity ~ ,  

following equation (13), by monitor counting (Fo), 
thickness and transmission, we have to subtract the 
incoherent scattering and the coherent scattering of the 
voids. This is difficult because the first one varies linearly 
with COD and the second one varies as (COr~au + COoaD) 2. At 
present we do not have the perfect background which 
would be obtained from a randomly deuterated sample, 
which we plan to use. 

We tried to suppress the voids by varying the moulding 
conditions: a pressure larger than 80.10 s Pa, a 
temperature of 200:'C and a longer annealing time divided 
this signal by five, which merely allowed us to progress 
0.5.10 -2 A - t  further in the low q direction. 

However this void signal is weak (1~,) in comparison 
with the coherent chain scattering. So, considering our 
experimental neutron uncertainty, we verified that a 
simple subtraction of a hydrogenated matrix 
background, reduced to a thickness Cent (t is the labelled 
sample thickness), was sufficient. More precise 
measurements would require more sophisticated 
methods. 

d ~ 
where T-e-,~In dO' is also the attenuation factor of the 

dr )  

transmitted flux (transmission). In order to check whether 
we could still neglect this third term for COD> 10~o, we 
superimposed several samples: the overall thickness varied 
from 0.18 mm to 1.4 ram. We always found that, if two 

~0 . . . . .  

. . . .  

E~OS]- - fi / ~  7 c o h e r e n t  
] " { - - -  Y i ncohe ren t  

.L I ( - - ' - -  Tcoh x T ~ c o h  
P [ ° 67%/.620_ H 

( = 67_5~/62_O H stretched 

0 0'5 
~D 

Figure I Transmissions of sample of thickness = 1 ram, as a 
func t ion  of the fraction of the labelled chains ¢O. Calculated 
transmissions (--, -- - --, . . . . .  ) are compared w i th  experimental 
transmissions: (e) of the 620D/675  H m ix tu re ,  ([3) the  uniaxia l  
stretched 6 2 0 D / 6 7 5  H m ix tu re  and fix) the 138D/155  H m ix tu re  

EXPERIMENTAL RESULTS 

We will present the reduced intensity l(q), obtained as 
explained earlier. 

lsotropic melts and polydispersity 
We will set out the results for the Guinier range (q 

< l/Rg, where Rg is the radius of gyration) and for the 
intermediate range (I/R~ < q < lib where b is the length of 
one statistical unit of the chain); for both we will compare 
these results with equation (9) and also with an equation 
taking into account differences in molecular weight 
distribution. 

(a) The Guinier range has been explored with the 
mixture 138D/155N, which has a small molecular weight 
difference between hydrogenated and deuterated 
polymers, and with the 105D/155, mixture where the 
difference is larger (50~). For the 138o/155, mixture the 
plot of COD(1 - C O D ) / -  ~(q) versus q2 (Figure 3) shows that the 
curves for different COD are intermingled for q > 3. I 0- 2 (the 
discrepancy for COD=0.093 does not appear to have a 
physical meaning, and the radius of gyration is 
satisfactory). 

For q < 3,10- 2 A - x it appears (see Figure 4) that values 
of l(q)/COo(l -COD) increase with COD. Since we verified that 
there is no multiple scattering effect (see earlier), void 
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20 : 4 t  • 

~a_~ ~#il~ 62ODI67OH 

= - ~,t .I f • o o28 
: o  . i ,  /" o o s 6  

/~  ~0 /~  0 0 9 3  
~% D~,, 0 188 

i, ll l~ l°  0 481 
5 ~I" (" 0 684 

/ tl~ , , , , 

0 1 2 3 4 5 
q~(1U~ -~) 

Figure 2 Inverse scattered intensities ¢D(1 - CD)/l(q) as a func- 
tion of the square momentum transfer for six values of @D for the 
620D/670 H mixture in the intermediate range 

5 

138D]155 H 

~ 0 093 
"0 D 0 188 

0 481 
0 684 

~2(I(54~-2 ) 

Figure 3 inverse scattered intensities by deuterated chains for five 
values of CD. It is the Guinier range for the138D/155H mixture 

scattering (which increases with q~D) explains this 
additional forward scattering well. We think that the 
curves would be, without these voids, completely 
intermingled as they are for q> 1.2.10 -2 (Figure 4); thus 
equation (9) may be applied with a Guinier range 
behaviour off(q) 

1 (I-N'a2-~ w i t h  R2= N--=a-2 
f(q) = IV] 18 ,! g 6 

We then ignore the six first points of the curve ~0D(1 
--~OD)/l versus q2 (Figure 3) and extract the radii of 
gyration from the others (see Table 3). 

However these values of Rgincrease slightly with ~o D. A 
difference in molecular weight explains this effect. If we 
introduce: 

N,H = N , d  l +An) 

- ( - +Awl) 
1 . . . . . . .  -I-  S ( q )  = 1/N.D 1..¢#D+(I 

x 

q2a2 N .o [  I , I +A- "~ 
Ii N:, i  "~°D+( ] -q~0) ( - l -÷Xw))  (18) 

The curve 1..I rersus (i 2 is still a straight line and we have 
an apparent radius of gyration: 

N :D02( 1+ /PD-A- z R; .pp-- 
o i + ( 1 -  I 

The values of the correction coefficient are tabulated in 
Table 4. The correction is less than 10% and the 

I 

1° I 

s I 
i 

(3110 

"0 

~A+A° o 

x XX Ce ° 

XX~O 

x xl 

138D/155 H 

+ O 0 5 6  
x O 0 9 3  

q~D ~ O 188 
o O 4 8 1  

0 6 8 4  

x l  
x l l  

x e  
x l  

X x  I 
x l l  s 

X x I ~ ,  

1 I 1 

O 1 2 3 

q (IO-2K ') 
Figure 4 Scattered intensities I(q)/¢~)(I - CD ) as a function of 
the momentum transfer for the 138D/155 H 

Table 3 Radius of gyration values for points on curve in Figure 3 
(~D (1 - ~D)IT versus q2 (First 6 points neglected) 

CDAZ ] 
MWD=138000 R# apparent= R~ 1 +1 +(1 - $ D ) & W  

MWH 
MWH= 1 5 5 0 0 0  h Z ~  A w =  - - - - 1  =0.123 

MWD 

CD $D 
Weight number ¢DAZ Rg Rg 
fraction (volume) 1 + Measured Corrected 
% fraction 1 +(1 --~D)AW (A) (A) 

6 0.056 1.006 128 ± 10 127.6 
10 0.093 1.010 128 127.3 
20 0.188 1.021 131 129.6 
50 0.48 1 1.055 134 130.4 
70 0.684 1.081 135 129.8  

N.,H = N wD( 1 + Aw) 

N=H = N=D(1 +Az) 

we obtain from equation (7) 

(17) MWD = 105000 
MWH = 155 000 AZ ~ AW = 0.476 

20 0.188 1.065 103 -+ 10 99.8 
50 0.481 1.247 111 99.4 
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Table 4 Relative correction for the constant term in 620D/675 H mixture 

/ \  w , t, cton mS = '00  '1 
C D fraction ~D q-,O 2NnD ~ + A n 

1 
= 9.27 10 - 5  

2NnD 
1/2 NnD 

Correction factor = 
1(1 

2NoD 1 + &n 

0.03 0.028 9.26 x I0 - s  
0.06 0.056 9.23 x 10 - s  
0.10 0.093 9.20 x 10 - s  
0.20 0.188 9.14 x lO-S 
0.50 0.481 8.93 x 10--5 
0.70 0.684 8.79 x 10 - s  

1.002 
1.004 
1.007 
1.01 5 
1.038 
1.054 

experimental uncertainty in R 9 is 10%: thus these data do 
not allow a quantitative verification of the correction, but 
the corrected radii are nevertheless in better agreement. 

For the 105D/155D the variation of the apparent radii 
with ~ot~ is greater than the experimental uncertainty. A 
correction must be applied and ours works well. 

(b) The intermediate range has been explored with the 
620D/675H mixture. In a q~t~(1-cpo)/'l(q)rersus q2 plot 
(Figure 2), curves for different values of~0 o are laying over 
one another, so that equation (9) is again verified. These 
curves correspond to a straight line in this 1/I rersus q2 
representation, as does the Debye function for high q. 

In actual fact the two molecular weights are not equal; 
we take this into account by using equation (8) (neglecting 
Zr) and expressions (17), so that: 

(Po(l- ~Po)S(q)-'- 2N-~(1 1+~,)  + ql~ ~ 

It is clear from the above equation that the molecular 
weight and polydispersity affect only the constant term: 
the slope of the curve I/I t, ersus q2 remains unchanged. 
The relative correction for the constant term, in 620D/675H 
mixture is displayed in Table 4; for a difference A,,, = 10%, 
the maximum value is 5% for ~o D = 0.684: it remains inside 
our experimental uncertainty: this correction is not 
relevant here. 

Summary of the results for isotropic melts. The formula 
l(q)oc ~o d 1 - q~D)f(q) applies well for large scattering vector; 
for the Guinier range, a correction coming from the mean- 
field equation (3) (neglecting Z~) fits the data well. The void 
signal vanishes for q larger than a value lying between 
1.10 -5 and 3.10 -2 A - t ,  depending on the sample. 

Stretched samples results. In section 1.2, equation (10) 
predicts a similar behaviour of l(q)~0D(l--q~D)g(q) for 
mixture of polymers of equal molecular weight, in a non 
ideal chains melt. With the mixture 620o/"627 H (Aw = 10%) 
we check this assumption here. 

Each sample of different ~o D is stretched separately, 
under the same conditions. The cxperimental uncertainty 
coming from the neutron measurements is increased by 
stretching uncertainties, as the scattered intensity strongly 
depends on the heating process, oven temperature ( + 2°C) 
and the duration between the end of stretching and 
cooling (AiR ~ 5s). Figure 5a shows data in the parallel 
direction and Figure 5b in the perpendicular direction; no 
special artefact appears, equation (10) fits the data within 
our experimental uncertainty. 

0.5  

< 

O 

62OD/675 H stretched 
• 0"028  
x O 093  
o O"481 
• 0 6 8 4  

~,~ ~ "~ .  
~ , ~ i ~  *~ ~ ~*" ~. 

f,° 

x 6 

• 

a 

I I 

i 2 4 
q 2//(10-3~,-2) 

t ~° 

tb 62OD/675 H stretched 

lljSi~ ~ * *  ~Ot =*. OOo.684029481 

f 
O 1 2 4 

q2 j. (1(~3~ -2) 

Figure 5 Inverse scattered intensities ¢D(1 - q~D)/l(q) for the 
uniaxial stretched samples of the mixture 620D/676 H. (Elongation 
ratio = 3, stretching temperature T = 126 ° C, velocity gradient 
s = 0, 2 s - I ) .  (a) In the direction parallel to the direction of elon- 
gation (b) in the direction perpendicular 

This is a new and original result, showing that the high 
deuteration technique allows us to study the 
conformation of a non-ideal chain in a melt, by measuring 
the correlation function jlq), as yet unknown. 

CONCLUSIONS 

The aim of this paper was to discuss the use of strong 
labelling to study the conformation of the chain in 
isotropic and stretched polymer in bulk. 

The expression of the scattering cross-section is simple 
in the case of isotropic melt: a formula taking into account 

34 POLYMER, 1982, Vol 23, January 



Monomer correlations in homopolymer melts: neutron scattering study." F. Bou~ et  al. 

the polydispersity and the difference in molecular weight 
of hydrogenated and deuterated species is given and 
compared with results. The good agreement is 
encouraging for the technique and shows also that one 
can use here the RPA derivation to compute the monomer 
density correlation function. 

The scattering cross-section is also given for stretched 
melts, but only with equal deuterated and hydrogenated 
molecular weights. Experimental data agree with the 
prediction. We think that other cases of application of 
high deuteration will be numerous: a recent one has been 
in dried gels TM 

The extraction of scattering cross-section from raw 
intensity data is simple. The only remaining problem is 
the existence of a voids scattering for q<2.1{} -2 A-~: it 
still has to be resolved for low angle studies (qE[10 -3, 

1{} -2 A - t ]l or very precise studies (A/I- - -  I%). Making 
/ 

materials without voids has to be investigated. 
For melts of species not too different in molecular 

weight (Aw< 100°,;) and for stretched melts (Aw< 10".~;) 
only one value of ~o is necessary to have the correlation 
function. 

To summarize, in the range of uncertainty ( ~ I  ,,- 5".,) 

and of scattering vector modulus (7.10-3 10-t  A- l )  
where our experiments lay, the high deuteration 
technique may be used for any value of q%, between 0 and 
I. Moreover, as one value of ~o D is enough, this method is 
very convenient. 
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APPENDIX A 

The transmission is calculated as 7"= T,,. × T..,,h. where the 
incoherent attenuation is e--~"',°,." ,,r,°,,,. with a m = 80 barn 
and a .~=2 barn and the coherent attenuation is written 
e-"; with, forgetting the void scattering 

f 2 1 r Pc = (aH- -aD)  ~,~,~,wDq~l--q~D) 

o 

4~  2 02 ) ) 

2(e-.4_ 1 + x) 
To calculate the integral, the function g(x)= 

2 

- - -~ for  x > x .  w i t h  x .  
X X- 

= 4. W e  f ind  & = 12,3~PD( 1 -- ~PD) cm - t: m a x i m u m  va lue  is 

Pc = 3.06 cm - t fo r  ~PD = 0.481 w h i l e  pttaiu + Poair~ = 2.064 
- I  c m  
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