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Abstract 

Methylene chloride-dichloroacetic acid (80:20, v/v) is used as a room-temperature size-exclusion chromatog- 
raphy eluent for a variety of nylons. The eluent was previously shown to be suitable for poly(ethylene 
terephthalate), ‘and this application shows its utility for other polymer classes that are difficult to solubilize. 
Absolute molecular masses are measured by low-angle light-scattering detection, and a means is provided for 
generating narrow-standard calibration curves from polystyrene standards. 

1. Introduction 

Four approaches have been taken in the 
characterization of nylons by size-exclusion chro- 
matography (SEC): 

(1) High-temperature SEC in phenolic sol- 
vents [l-3], benzyl alcohol [4-61 or hexa- 
methylphosphoramide [7-91. 

(2) SEC in common solvents such as tetrahy- 
drofuran after solubilization by trifluoroacetyla- 
tion [lo-161. 

(3) SEC in fluorinated alcohols such as tri- 
fluoroethanol [17-221 and 1,1,1,3,3,3-hexa- 
fluoroisopropanol (HFIP) [9,23-251. 

(4) SEC at room temperature in, mixed sol- 
vents such as m-cresol-chlorobenzene [3] or 
HFIP-toluene [26]. 

Each approach has advantages and disadvan- 
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tages discussed in most of the papers referenced 
above. Methylene chloride-dichloroacetic acid 
(DCAA) (80:20, v/v), containing 0.01 M tetra- 
butylammonium acetate (TBAA) is an alterna- 
tive for room-temperature SEC of crystalline 
polyesters such as poly(ethylene terephthalate) 
(PET) [27]. The solvent pair is nearly isorefrac- 
tive, allowing the use of light-scattering detec- 
tion. It does not significantly degrade PET, 
polystyrene standards are suitable for calibra- 
tion, it is used at room temperature, and it is 
comparatively inexpensive. Application to 
nylons is a logical and practical extension of its 
use; some of these polyamides are soluble only 
in solvents that dissolve PET. The intent of this 
study is to evaluate this eluent originally de- 
veloped for PET, without modification, with the 
practical objective of using the same solvent and 
SEC system for both crystalline polyesters and 
polyamides. 
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2. Experimental 

2.1. Sample preparation 

Narrow molecular mass distribution poly- 
styrenes were obtained from Polymer Labs. 
(Amherst, MA, USA). Nylon 6,6, 46K and 32K 
standards were obtained from American Poly- 
mer Standards (Mentor, OH, USA). All other 
nylon samples were obtained from Scientific 
Polymer Products (Ontario, NY, USA). Typical- 
ly, 25 mg of nylon were dissolved at room 
temperature in the SEC eluent containing 0.01% 
1-chloro-2,4_dinitrobenzene as a flow marker. 

2.2. Size-exclusion chromatography 

The SEC was similar to that described for PET 
[27]. Eluent was methylene chloride-DCAA 
(80:20, v/v) containing 0.01 M TBAA. The 
nominal flow-rate was 1.0 mb’min, and sample 
injection volumes were 100 ~1. A Spectroflow 
757 UV detector operating at 310 nm, an LDC 
Analytical KMX-6 low-angle laser-light-scatter- 
ing (LALLS) photometer, and a Waters Model 
401 differential refractive index (DRI) detector 
were connected in series after the columns. The 
SEC columns and DRI detector were thermos- 
tated to 3O.O”C. The UV and LALLS detectors 
were operated at room temperature. All light- 
scattering intensities were measured at 6-7” with 
an aperture of 0.15 mm. Flow-rates were cor- 
rected using the UV chromatogram and the 
retention volume of the 1,2-chloro-2,4-dinitro- 
benzene flow marker. 

3. Results and discussion 

3.1. Dissolution and solution properties 

Nylon pellets dissolve in the methylene chlo- 
ride-DCAA (80:20) eluent at room temperature 
in less than 1 h at a concentration of 2.5 mg/ml. 
There is no evidence for phase separation at this 
polymer concentration, even after several days in 
solution. Dilute solution viscosity is adequately 
fitted by the conventional relationships of 

specific, q,, and reduced, r],, viscosity with 
concentration, c: 

r),, = b?lc + e-d2C2 (1) 

in 7, = [n]c + k”[~]2~2 (2) 

The intrinsic viscosity [n] of a nylon 6 sample 
with weight-average molecular mass of 24 800 is 
0.643 dllg, k’ = 0.39 and k” = - 0.13. It is pos- 
sible to use less DCAA acid for SEC; nylon 6, 
6/6, 6/9, 6/10, and 6/12 are soluble at a con- 
centration of 2.5 mg/ml in dichloromethane 
containing 5% (v/v) DCAA. Nylon 11 and nylon 
12 require a minimum of approximately 10% 
dichloroacetic acid. SEC results in these eluent 
compositions have not been investigated exten- 
sively; instead, our objective is to show the 
general utility of a single solvent system (methyl- 
ene chloride-DCAA, 80:20) for both crystalline 
polyesters and nylons. 

3.2. Chromatography 

Typical LALLS and DRI chromatograms of 
nylon 6,6 are shown in Fig. 1. A small peak in 
the DRI chromatogram from TBAA appears 
near the solvent peaks. This salt eliminates 
polyelectrolyte effects in polar solvents and is 
necessary for reproducible elution of PET. Its 
necessity for nylons has not been established. 
The salt does not absorb above 300 nm and the 
interference is not observed with a UV detector 
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Fig. 1. LALLS and DRI chromatograms of nylon 6,6 46K. 
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for PET and nylon 6T. However, UV detection 
cannot be used with this solvent for aliphatic 
nylons, and the low-molecular-mass information 
(e.g., number-average molecular mass) obtained 
from the DRI is limited if the salt is present. A 
similar problem exists with SEC of aliphatic 
nylons in HFIP with sodium trifluoroacetate [9]. 

Previous experience with PET suggests that 
sample degradation is most likely at high tem- 
peratures, with water concentrations greater 
than 1% (v/v), and with standing in the eluent 
for greater than four days. Degradation or trans- 
amidation is also a concern for nylons in an 
acidic eluent. There is no discernible difference 
in the normalized chromatograms of nylon 6 
samples that sat for 48 h in the eluent at room 
temperature. Unlike PET, there is also no 
change in nylon 6 after exposure for 48 h to 
eluent containing 4% water. Stability at high 
temperatures is not an issue since all nylon 
samples are dissolved and analyzed at room 
temperature. The results show that sample deg- 
radation in the eluent is less important for nylons 
than for PET. 

3.3. Specific refractive index increment 

The specific refractive index increment of 
nylon samples is estimated from the differential 
refractometer response by the method of Ber- 
kowitz [28]. This method was successfully ap- 
plied to PET in this eluent [27]. We note that the 

Table 1 
SEC-LALLS of nylons 

differential refractometer used in the previous 
study (Waters Model 410) developed leaks 
around the inlet fittings after approximately nine 
months of continuous use. The older and simpler 
Waters Model 401 has fewer inlet fittings and is a 
sturdier substitute with this eluent, which is 
corrosive to some stainless-steel ferrules. Specific 
refractive index increments of nylons are given in 
Table 1. 

3.4. Light-scattering detection 

Absolute molecular masses are calculated 
from the excess Rayleigh scattering, R, i and the 
signal from a concentration detector (either UV 
or DRI) ci at each eluting slice i, 

EL= 1 

&,i M,,iP(@i 
+2A,ci +3A,c; + . . . (3) 

where K is the light-scattering optical constant, 
P(6)i is the particle scattering function and A, 
and A, are virial coefficients. The weight-aver- 
age molecular mass (M,) of the whole polymer 
(values reported in Table 1) is obtained from 
either the light-scattering signal alone (no DRI) 
or from summation of the molecular masses and 
concentrations at each slice i of the chromato- 
gram, as described in Ref. 27. Results reported 
in Table 1 are from integration of the light- 
scattering chromatograms (no DRI). Precision is 
comparable to that obtained for PET. There is 

Sample No. of samples dnldc “(ml/g) 

Nylon 6 10 0.180 * 0.006 
Nylon 6,6 46K 10 0.188 k 0.008 
Nylon 6,6 32K 10 0.194 f 0.007 
Nylon 6,6 8 0.182 k 0.012 
Nylon 6,9 10 0.163 “_ 0.002 
Nylon 6,lO 4 0.163 + 0.002 
Nylon 6,12 10 0.149 ZlI 0.002 
Nylon 11 6 0.133 + 0.002 
Nylon 12 6 0.133 + 0.004 
Nylon 6T 8 0.201 -t 0.003 

’ Specific refractive index increment. 
b Weight-average molecular mass from SEC-LALLS. 

Mw b PI P* 

24800~1ooO - 0.372 1.005 
41400 r 1300 - 0.758 1.067 
311OOr900 - 0.379 1.001 
33 000 2 1300 - 0.657 1.053 
30 500 ” 1200 - 0.678 1.082 
33 700 f 450 - 0.703 1.094 
25700’-700 - 0.128 0.963 
26OOOzk900 - 1.339 1.197 
28200+900 - 0.460 1.009 
36800+400 - 0.403 1.021 
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reasonable agreement with vendor values for 
nylon 6,6 with weight-average molecular masses 
of 46 000 (46K) and 32 000 (32K). 

3.5. Calibration curves from light-scattering 
detection 

Size-exclusion calibration curves can be estab- 
lished from the relationship between nylon mo- 
lecular mass, M,, and standard molecular mass, 
M, ; 

log K = PI + P2 1% M, (4) 

The constants p1 and & are obtained by 
plotting the polystyrene log M-retention volume 
calibration curve versus the log M-retention 
volume curve for nylon measured by light-scat- 
tering detection [29]. A similar approach has 
been used to convert poly (methylmethacrylate) 
(PMMA) equivalent molecular masses to nylon 
molecular masses in HFIP with supporting elec- 
trolyte [30]. Viscosity measurements and direct 
application of universal calibration are not re- 
quired. Calibration curves for nylons are ob- 
tained by calibrating the column set with narrow 
molecular mass distribution polystyrene stan- 
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Fig. 2. Narrow standard calibration curves for (m) poly- 
styrene and (0) nylon 6,6. 

dards. Polystyrene molecular masses are con- 
verted to nylon molecular weights using Eq. 4 
and the constants provided in Table 1. A typical 
nylon 6,6 calibration curve is compared to poly- 
styrene in Fig. 2. This calibration curve allows 
calculation of absolute molecular mass distribu- 
tions from a concentration detector only. 

4. Discussion 

The eluent composition is optimized for PET 
and related crystalline polyesters and may not be 
optimized for nylons. As evaluated, the eluent is 
compared with the four other approaches for the 
SEC of nylons: 

(1) Operation at room temperature is desir- 
able. There is also no evidence for polymer 
degradation; this is a concern in phenolic sol- 
vents at high temperatures. 

(2) There is no derivatization step. In the case 
of trifluoroacetylation, some workers have cited 
differences in results depending on the degree of 
acetylation and complications in the calculation 
of molecular masses by universal calibration 
[12,14]. Trifluoroacetyl derivatives are also sensi- 
tive to moisture and the eluents must be careful- 
ly dried. 

(3) The solvent is less expensive than fluori- 
nated solvents. However, it causes skin burns 
and it is corrosive to stainless steel after long- 
term use. Typically, connecting tube fittings 
(especially ferrules) and pump parts will require 
replacement after 6-9 months of continuous use. 
We have been unsuccessful using viscometry 
detection because of flow fluctuations that de- 
velop from minor leaks in and about viscometer 
detectors. It is noted, however, that fluorinated 
solvents such as HFIP also pose significant safety 
hazards, particularly to the eyes. 

(4) Criticism of mixed solvents, including 
sensitivity to changes in eluent composition, 
selective solvation and complications with light- 
scattering detection and DRI baseline stability 
are minimized with methylene chloride-DCAA. 
There is little difference in chromatograms ob- 
tained at 20% and 10% DCAA [27], and the 
solvent pair is nearly isorefractive, making it 
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suitable for light-scattering. Acceptable DRI 
baselines are easily established and remain sta- 
ble. Specific refractive index increments in this 
eluent are lower than in fluorinated solvents such 
as HFIP, thereby reducing the sensitivity of light- 
scattering detectors. However, it is relatively 
easy to obtain low scattering background with 
the higher solvent refractive index and LALLS 
cell windows require infrequent cleaning. 

5. Conclusions 

The methylene chloride-DCAA eluent used 
for crystalline polyesters such as PET can also be 
used for the SEC of nylons at room temperature. 
There is no evidence for degradation of nylons in 
this solvent, and absolute molecular masses are 
obtained from light-scattering detection. To its 
disadvantage, the low-molecular-mass region is 
difficult to quantitate in aliphatic nylons because 
of interference from TBAA. 
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