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A rapid quantitative nuclear magnetic resonance (NMR) method 
was developed for the analysis of plasticizer mixtures in cellulose 
acetate filter rods. Five 20-mm rods were extracted into 25.ml 
Ccl, with 0.4% trifluoracetic acid containing benzene as internal 
standard. The NMR spectrum of the extract was obtained and the 
amounts of plasticizer components were determined from inte- 
grations of the spectrum. The method is applicable for filter rods 
containinlg poly(ethylene glycol) (PEG) and triacetin, triethylene- 
glycol diacetate (TEGDA) and PEG, or TEGDA and triacetin. At the 
95% confidence level, the standard deviation of rods containing 
3.2% PEG and 6% triacetin is 0.44% PEG and 0.47% triacetin. 

INTRODUCTION 

Mixtures of triacetin, poly I ethylene glycol) (PEG), 
and triethylene glycol diacetate (TEGDA) are used as 
bonding plasticizers for cellulose acetate filter rods. 
After the plasticizer is extracted from the rods, the 
triacetin content may be determined by infrared 
spectrophotometry ( 1 I, titrimetry (Z), calorimetry 
(3), or gas chromatography (3). However, none of 
these methods is applicable for the direct determina- 
tion of mixtures of these plasticizers. The purpo’se of 
this study was to develop a rapid quantitative method 
for the simultaneous determination of a mixture of 
triacetin and PEG or a mixture of TEGDA and PEG 
on cellulose acetate filter rods or tips. 

EXPERIMENTAL 

Nuclear magnetic resonance (NMR) spectroscopy 
was used to determine the amounts of plasticizers 
present on filter rods. Carbon tetrachloride was the 
most suitable solvent for use with NMR; 0.4’$, tri- 
fluoroacetic acid was added to the solvent to swell the 
filter rods so that the plasticizer could be completely 
and rapidly extracted. This solvent system also had 
22.5 x 10e3 mole (0.2% v ‘v) of benzene added as an in- 
ternal standard. 

The paper wraps were removed from five 20-mm 
cellulose acetate filter segments. The filters were 
weighed and placed in a 50-ml flask to which a 2%ml 
aliquot of the carbon tetrachloride-trifluoroacetic acid 
solut,ion was added. The flask was stoppered and ag- 
itated for 15 min on a mechanical shaker. The liquid 
was decanted and analyzed by NMR. 

X 0 to 10.8 ppm sweep width spectrum was recorded 
on a .Jeol LMH-lOO NMR spectrometer. The following 
areas ivere integrated: area 1, the acetyl methyls of 
triacetin (or TEGDA) (singlet at 2.2 ppm) ; area 2, 
the ethylene protons of PEG (or TEGDA) (multiple&, 
X3-4.2 ppm) ; area 3, the aromatic protons of benzene 
csinglet at 7.:Y7 ppm) (Figure 1). In the case of a mix- 
ture of triacetin and PEG 600, the moles of each are 
citlcul;ited from the following equations: 

moles of triacetin= 
i6! area 1) 19 (area 3) ] i moles of benzene (1) 

moles of PEG 600~ 
j6 area 2)/53iarea S)] x moles of benzene (2) 

In the case of TEGDA and PEG 600, the number of 
moles are calculated from the following equations: 

moles of TEGDA = 
[6!area 1)/6 (area 3)] x moles of benzene I 3) 

moles of PEG 600 = 
(61 (area 2) - lZ(area 1/6)]/53(area 3) 1 

xmoles of benzene (4) 
Xny molecular weight PEG can be determined by sub- 
stitutinn of the correct number of protons in equa- 

TRIACETIN 

Figure 1. NMR Spectrum of Triacetin and PEG with Benzene as on In- 
ternal Standard. 
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tions 2 and 4. The number of’ ])rotons is determined 
by the follo\ving: 
number of protons = 1 I rnoleculal weight of PEG- 

18)lrepeat unit (44)j x [number 
of protons per repeat 
unit !4)] (5) 

For PEG 600. the number of protons is: 
L (600 - 18) i44] x 4 = 53 

For PEG 400, 34.7 is used inste:‘d of 53. 

RESULTS AND DISCUSSION 

Filter rods containing PEG 600 and triacetin, PEG 
600 and TEGDA, and PEG 400 and triacetin were an- 
alyzed by the NMR method described; the results are 
shown in Table 1 and Table 2. The amounts of tri- 
acetin present were chticked by ;I pas chromatographic 
method 18 i. 

This NMR method can be usc:tl to determine com- 
binations of triaretin and PEG, combinations of 
TEGDA and PEG, or combinations of TEGDA and 
triacetin. Filter rods containing :t mixture of PEG 400 
and PEG 600 may be analyzed by this method if the 
ratio of the two is known. The NMR spectrum of 
TEGDA overlaps the spectra of both PEG and triacetin. 
If TEGDA, PEG and triacetin are present, the rati’o of 
TEGDA to either triacetin or PEG in the bonding plas- 
ticizer formulation must be known to determine all 
three plasticizers by this method. 

Filter rods containing triacetin and PEG 600 were 
analyzed ; the average amounts ,)f tt,iacetin and E’EG 
were 9.1 I\ 10.” moles and 2.1 I 10 ;x moles, respectively. 
Similar rods were spiked with :L solution containing 
5.0 * 10” moles triacetin and 2.0 10.:’ moles PEG. ‘The 
average amounts of trixetin and PEG present in the 
spiked samples were 14.3 * 10.” moles and 4.0 I, 10.” 
moles, respectively. The recovery of the spiked sam- 
ples was lOl(L, for triacetin and 98’; for PEG. 

The standard deviation of the ;lnalyses of filter rods 
containing approximately 3:; PEG 400 and 6’;;, tri- 

Table 1. NMR Analysis of filter rods containing plasticizer mixtures 

Filter Rod 

Sample I 
PEG 600 
Triacetin 

Sample 2 
PEG 600 
TEGDA 

Amount of Componenta 
%  MOk 

5.8 2.7x 103 
6.6 8.4 x IF 

2.5 1.2 x IO-? 
6.4 7.1 x IW 

Gas Cbromatoqraphic 
Determination, %  

7.2 ? 0.5 

Table 2. NMR Analysis of PEG 400 and Triacetin in Filter Rods 

Filter Rods, 

O.b%7 
0.6282 
0.6187 
0.6296 
0.6276 
0.6180 
0.6278 
0.6184 
0.621 I 
Average 

PEG, PEG, Triacetin. Triacetin. 
%  Moles %  Moles 
3.5 2.2 x IO-J 6.1 7.0 i IO-” 
3.2 2.0 x IO 3 6.2 7. I .< 10-C’ 
3.2 2.0 x 10~3 5.7 6.5 x IO 3 
3.0 1.9x IO” 5.6 6.5 i 104 
3.2 2.0 x IO 3 5.8 6.7 x IO-1 
3.2 2.0 x IO-3 5.8 6.6 x IO-3 
3.1 2.3 x IO 3 6.2 7.2 .< IO-3 
3.1 1.9x IO” 6.1 6.9 .: IO-> 
3.2 2.0 x IO 3 5.7 6.5 IO i 

3.2 t 0.44 2.0 x IO = 5.9 + 0.47 6.0 . IO-” 

:tcetin \VH.S calculated from the series of determina- 
tion’s shown in Table 2. At the 95’ confidence level, 
the values were 0.44% for PEG 400 and 0.477; for 
triacetin. 

Previously, the extraction of total plasticizers and 
lubricants required at least 2$& hr ; the gas chormato- 
graphic analysis of triacetin required 11/z hr; and the 
PEG was determined indirectly. With this TU’MR 
method, a direct simultaneous quantitative determi- 
nation of both plasticizers requires ?$ hr. 

LITERATURE CITED 

1. Bill. hl. E., (;. \‘ilcins, and F. E. R rsnik. Triacetin COIIICII~ 
(If cig;Lrrttp fil~rl-s. Tab. Sci. 4: 26-28. 1960. 

2. CundiK, R. H. Determination of triacetin in filter plqs. 
Tab. Sci. 3: 9~10. 1959. 

3. Srnwl~;~u,qb, A. J.: Jr., I(. L. Rush, and J, T. Dobbinr. Jr, 
Autcmratcd ~l~vtbod for the drtcrrnination of plnsticixrs in cis- 
awttr fi1rt.r rod rrutcrial. Tob. Sri. 16: 117-121. 1972. 

I Tobtzcco Science 17) 

T
ob

ac
co

 S
ci

en
ce

, 1
97

5,
 1

9-
6,

 p
. 1

6-
17

, I
S

S
N

.0
08

2-
45

23
.p

df


