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SUMMARY 

Extraction stage spent bleach liquor from a pine kraft pulp mill was studied 
for its content of chlorinated guaiacols The compounds were anaIysed by a method 
involving extraction with diethyl ether and glass capillary gas chromatography of 
their acetyl derivatives using a flame ionization detector and SE-30 and OV-351 
quartz capillary columns. The structures of the components were confirmed by glass 
capillary gas chromatography-mass spectrometry. In quantitations both esternal and 
internal standard methods were used_ All possible chlorinated guaiacols were used as 
reference substances_ The guaiacol concentrations varied from ~‘a. 0.004 to 1.57 ppm. 
the total concentration being about 4 ppm. 3,4,5Trichloroguaiacol was present in the 
highest concentration ( 1.57 ppm). Other major components were tetrachloroguaiacol 
(1.2 I ppm), 45dichloroguaiacol (0.42 ppm) and 4.5,6-trichloroguaiacol (0.32 ppm)_ 
The identities and quantities of 4chloro-, S-chloro-. 3,4-dichloro-, 4,6-dichloro- and 
3.4,6-trichloroguaiacol were also determined. 

--- - 

INTRODUCTION 

In recent years chlorinated phenolic compounds have been the object of many 
intensive gas chromatographic (GC) and mass spectrometric (MS) studies. Of special 
interest have been chlorinated guaiacols which are formed during the production of 

pulp and paper’-“. As chlorinated catechols are the main components of the chlori- 
nation (C-stage) ellluents’*3*g, chloroguaiacols dominate the E-stage effluents. 

Several chlorinated guaiacols have been identified by MS in the effluents as 
their ethyl’, acety13 and sibyls derivatives_ However, only tive chlorinated Quaiacols 
(S-chloro-, 4,5dichloro-, 3,4,5trichloro, 4,5,6_trichloro- and tetrachloroguaiacol) 
have been previously used as reference substances_ In addition, little work on the 
quantitation of those compounds has been reported’.3*8*‘o. Recently we have carried 
out the syntheses” and the GC study” of all possible chlorinated guaiacols. The 
purpose of the present study was to identify and determine all possible chlorinated 
guaiacols occurring in more than 1 &l quantities in an E-stage spent bleach Iiquor 
from a Finnish pine kraft pulp mill. 
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EXPERIMENTAL 

Preparation of samples 

External standard_ A 02 “/, (w/v) solution in ethanol (995 %) of each guaiacol 
(for the syntheses see refs. 11 and 12) was prepared as follows_ A 2OO+g amount of 
each compound was added to 05 1 of distilled water. The mixture was acidified with 2 
N sulphuric acid solution to pH 2 and extracted twice with 200 ml of diethyl ether. The 
combined ether extracts were concentrated to 10 ml by distillation and then trans- 
ferred to separatory funnel_ The solvent was evaporated to dryness with a nitrogen gas 
stream and the residue was dissolved in 20 ml of 0.1 &f K&O, solution_ Redistilled 
acetic anhydride (1 ml) was added and the mixture was shaken vigorously for 5 min. 
The mixture was then estractrd with 10 ml of n-hesane and after concentration to 1 
mI the organic layer was used as the external standard solution in quantitative as well 
as MS determinations 

Spent bleach liquor (SBL) sample_ A mixture of 60 pg of 3,5_dichlorophenol 
(internal standard) and 0.5 1 of E-stage spent bleach liquor from a Finnish pine kraft 
pulp mill was acidified to pH 2 with 2 N sulphuric acid solution and extracted twice 
with 200 ml of diethyl ether_ The emulsions (precipitates) formed were filtered off with 
suction and washed with diethyl ether_ The combined ether layers were concentrated 

to 1 ml and then treated further as described above. 

GC arralj-sis 

A Perkin-Elmer Model Si_m 3 gas chromatograph equipped with a flame 
ionization detector (FID) was used in quantitations An OV-351 (25 m x 0.32 mm 
I-D_) quartz capillary column was employed. The carrier gas was nitrogen at a flow- 
rate of c-a_ 1 ml/mm_ The splittin, a ratio was 120 and the injector and detector 
temperatures were 275=C_ The column temperature was raised from SO’C to 23O’C at 
a rate of 6”C/min and then held for 10 min. 

MS investigations were carried out using a Varian MAT-212 mass spectrome- 
ter equipped with a Varian Series 3700 gas chromatograph. The quartz capillary 
coIumns contained OV-351 (same as in GC measurements) or SE-30 (25 m x 0.22 
mm I.D.). The capillary interface and ion source temperatures were 230°C and 3OO’C, 
respectively_ The scan time was 15 set per mass decade. The mass spectra were 
recorded at 70 eV from mass number 40 up to 400. 

Qrrantitatii-e anah-sis 

Quantitative analyses were performed using both the internal standard (IS) and 
external standard (ES) methods_ In the IS method, the amounts of the compounds 
were calculated as described by Lindstriim and Nordin’_ In the ES method, the 
amount of the substance_ nz, was calcuiated according to 

where rpl, is the amount @g/l) of compound s in the external standard solution, 1, the 
peak height (mm) of compound _X in the external standard solution (1 fl of the 
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standard injected) and I, the peak height (mm) of compound _I- in the SBL sample (1 
~1 of the SBL sample injected). Before analysis the esternal standard mixture and the 
SBL sample were diluted accurately to the same volume (1 ml)_ 

RESULTS AND DISCUSSION 

Absolute retention times of acetyl derivatives of guaiacol, chlorinated 
guaiacols and internal standard (3,5-dichlorophenol) in GC-MS experiments are 
presented in Table 1. Examples of real intensity chromatograms (RIC) and mass chro- 
matograms are shown in Fig. I_ As reported previously”. acetyl derivatives of chlori- 
nated guaiacols can be successfully analysed usin g both the SE-30 and OV-35 1 quartz 
capillary columns. On the polar column. the 3.5 and 3.6-dichloro derivatives exhibit 
the same retention behaviour, but these substances can be separated on the non-polar 
SE-30 column (see Table I). The OV-351 stationary phase is. however. very suitable 
for the analysis of other polychloro derivatives and thus that column was used in the 
present study for quantitations. 

The structures of nine acetylated chlorinated guaiacols 5. 6, 9. 10. 12. 13 and 
15-l 7 (see Fis. 1) found to be present in the SBL extract were confirmed by recording 
the mass spectra. and in some cases by plottin, m mass chromatograms of certain 
characteristic ions. The fragmentation of some acetylated guaiacol derivatives have 
recently been published by Voss et al_ _ l3 However. in the present investigation, the 
mass spectra of all the structural isomers were found to be \ery similar. escept for 

TABLE I 

RETENTION TlMES OF GUXIXCOL DERIVATIVES IN GC-MS EXPERlhlENTS 

For GC-MS conditions see Experimental. S = Standard. 

0 r-351 SE-30 
_- 

s SBL S SBL 

1 Guaiacol 13.03 
2 3,EDichlorophenol 13-31 
3 3-Chloroguaiacol 15.07 
4 6-Chlorognincol 16.16 
5 CChloroguaiacol 17.01 
6 5-Chloroo_uaiacol 17.13 
7 35Dichloroguaiacol 17.12 
8 3.6-Dichloroguaiacol 17.22 
9 A6-Dichloroguaiac~l 19.03 

IO 3_4-Dichloroguaiacol 19.10 
11 3,5.6-Trichlorogxsiacol 19.51 
12 3,4,6-Trichforoguaiacol 20.03 
13 45Dichloroguaiacol 20.47 
14 5.6-Dichloroguaiacol 20.59 
15 3.4.5Trich!oroguaiacol 22.00 

16 4,3,6-Trichloroguaiacol 23.46 
17 TeetracNoroguaiacol 24.02 

13.39 
- 
- 

17.0s 
17.19 
- 
- 

19.02 
19.10 
- 

20.05 
2045 
- 

2’01 
‘3 44 - . 
24.00 

S.16 
- 

10.43 

11.19 
11.3s 
11.49 
13.45 
13.20 
14.1s 
14.38 
16.35 
16.35 
13.27 
15.13 
17.57 
IS.25 
20.x 

- 
- 
- 
11.3s 
11.52 
- 
- 

14.15 
14.36 
- 

16.35 
15.15 
- 

17.51 
15.23 
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Fis I_ Comparison of a GC-MS real intensity chromatogram of the misture of acetylated guaiztcols (a) 
and of the SBL extract (bj. hlass chromato_gams with certain ions are aLso given. The compounds are 
numbered as in Table I_ For GC-IMS cooditions see JZxperimentai. 

small differences between the peak intensities_ Thus, in future investigations, authen- 

tic reference substances must be availabIe for the determination of the identities and 
quantities of all possible chloroguaiarols. 

A gas chromatograrn of the acetylated SBL extract is presented in Fig. 2. The 
concentrations of the individual guaiacols in SBL are given in Table II. Recently, 
three dichIoroguaiacols_ three trichloroguaiacok and tetrachloroguaiacol have been 
found to be present in different spent bleach liquors2*3. However, few studies with 
model guaiacol reference substances have been published’*3-8*‘o. According to those 
studies the main chloroguaiacols in E-stage SBL are tetrachloroguaiacol, 3,4,5- and 
4,5,6-trichloroguaiacol and 4,%dichloroguaiacol_ For exampIe, McKague’ found 
those substances in caustic sewer mill process streams in quantities of 0.31-0.95; 0.51- 
l-0,0_ 1 l-0.37 and 0.1 O-O.97 ppm, respectively. As can be seen from Table II, the cor- 
responding amounts in a Finnish efkent range from cu. 0;4z_to 1.57 ppm_- 3,4,5- 
Trichloroguaiacol was present in the highest concentration (ca. 1.57 ppm). This 
value is clearly higher than that reported previously’“, which may be due to the 
different analysis procedures but also to the different spent bleach liqcors u&d. 

O~speclcaf lhterest are cl%JoriYnted p~+acoIs wiikfi ha& not-been.-pFvkous$ 
identified in SBL using authentic model substances. LindstrZim &d N&din’ and later 
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Fig 2. GC-FID trace of acetylated guaiacols in the SBL extract. The compounds are numbered as in 
Table I. Column: OV-351. For GC conditions see E?tperimental. 

TABLE II 

CONCENTRATIONS OF CHLORINATED GUAIACOLS IN E-STAGE SPENT BLEACH LIQUOR 

FID response factors (referred to internal standard_ 3.5-dichlorophenol derivative) are also given. The 
detection limit was 1 pgil and the reproducibility of the results using ES and IS methods was ca. 10 and 5 “/‘,. 
respccti~ely. Amounts presented are mean wlues from four measurements. The compounds are numbered 
as in Table I_ 

Acelt+iared dmoums ,&I) Response 

compound fucxor 

ES IS IES+IS)I? 

1 

2 
9 

10 
12 
13 
15 
16 
17 

60 - - 
26 13 20 

5 3 4 
73 66 70 
97 88 93 

150 145 148 
470 370 420 

1560 1580 1570 
315 314 315 

lloo 1226 1213 

1.00 
025 
1.15 
1.15 
1.15 
1.98 
1.18 
3.93 
219 
7.40 
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Holmbon? identified two previously unknown dichloroguaiacol isomers in E-stage 
effluents as ethyl and silyl derivatives, respectively_ These dichloro derivatives are the 
46 and 3.4-dichloro isomers (9 and 10) which have different retention times as the 
ethyl derivatives on non-polar columns such as SE-30’ and SP-2100*‘. The total 
amount of compounds 9 and IO, found in our study is sIi@_ly more than 150 p&l 
which agnzes well with the results presented by Holmbom and Lehtinen”. 

Some speculations have also been made regarding the two compounds 3,5,6- 
tri- and 3.4.~trichloroguaiacol(11 and 12}6*‘3, one of which has been proposed to be 
formed in puip bleaching. The synthesis of isomer 1 I has been described by Koop- 
man”_ whereas isomer 12 has, until now, remained unknown.. In the present study, 
however_ a misture (CQ_ 1 r 1) of compounds 11 and 12 has been used as a reference 
mixture in the analysis. AS can be seen, in Fig. i the structural isomer eluting more 
slowly on the OLf-351 column is also present in SBL. The mass spectra of the two 
isomers are similar but, as previously proposed”, the isomer in SBL should be the 
3.4.~trichloro derivative_ This assizqment was also based upon a consideration of 
reactions that occur between guaiacyl propane units in lignin and chlorine at the 
chlorination stage of the bleaching process. A verification of the structure of com- 
pound 12 (see Fig. 2) can be made after having synthesized she authentic reference 
substance 11 or 12 (or both of them) and after determining the retention times of the 
acetyl derivatives of these substances_ 

Finally, Lindstram and Nordin” have reported one of four possible monochlo- 
roguaiacols to be present in E-stage effluents_ The present study shows that this 
compound is, as expected. 4-chloroguaiacol (amount ca. 20 p&l)_ Its isomer. Xchlo- 
roguaiacol(6). was also found in small amounts by plotting mass chromatograms of 
the most abundant nz/z values in the mass spectra of monochloro derivatives (see 
Fig_ 3). 

3io 350 350 ti0 
. ..P!L ER 3ko 

Fig_ X Computer reconstructed limited mass chromatogram obtained from the sample in Fig. 2. Peaks 5 
and 6 represent acetylated monochioroguaiacol isomers. Column: OV-351. For CC-MS conditions see 
EXtXriIU~taL 

CONCLUSION 

The identities and concentrations of nine chlorinated guaiacols in a Finnish 
pine kraft pulp mili have been determined. In quantittitions, internal and external 
standard methods have yielded similar result& The pm&t analysis niethod is ap- 



ANALYSIS OF CHLORINATED GUAIACOLS 295 

plicable to the determination of chloroguaiacols in concentrations greater than 1 &I. 
When smailer amounts must be analysed, their determination as trichloroacetyl or 
heptafluorobutyryl derivatives with electron-capture detection and both SE-30 and 
OV-35 1 quartz capillary columns is recommended_ 

ACKNOWLEDGEMENTS 

This work was financially supported by the Foundation for Research on Nat- 
ural Resources in Finland, the Medica Corporation Research Foundation_ the 
Alfred Kordelin Foundation and the Maj and Tor Nessling Foindation. The author 
is indebted to Mrs. M. Lahtipers and Mr. J. Salovaara for their help in carrying out 
the GC-MS. Special thanks go to 1Mr. J. Tarhanen for his skilful assistance in 
synthetic work and help with technical problems. 

REFERENCES 

1 I. H. Rosers and L. H. Keith. Idettrificariott ortd dttulnis 01 Orgunic Polltmmrs in Ifit!er_ Ann Arbor 
Sci. Publ.. Ann Arbor. Mt. 1976, p. 615. 

1 K. Lindstr6m ant J. Nordin, J. Cllronrurogr.. 125 (1976) 13. 
3 R. H. Voss, J. T. Wearing. R. D. Mortimer, T. Ko\acs and A. Wang, Pup_ Putr, No_ 12 (19SO) SO9. 
4 B. Holmbom, Pup. Pm, No. 9 (19SO) 323. 
5 S. Kachi. N. Yoncse and Y. Yoneda. Pulp Puper Cm.. Si (19SO) 105. 
6 K. Lindstriim and F. herberg Cm. J_ Chrttt.. 55 (1950) S15. 
7 L. Renberg and K. Lindstriim. _I. Citrotrturogr.. 21-I (1951) 327. 
S A. B. McKagx. J. Ci~ronmrogr~. 20s (19Yl) 27. 
9 J. Knuutinen, J_ Tarhanen and M. LahtiperX Citromoto_gruplti. 15 (19SZ) 9. 

10 B. Holmbom and K.-J. Lehtinen. Pap. PNII. No. 11 (19SO) 673. 
11 J. Knuutinen and J. Tarhanen. J_ Chettt. Ett.~. Dam. 16 (1951) 347. 
11 J. Knuutinen and E. Kolehmsinen. Citrotttaro~raphia. in press. 
13 R. H. Voss. J. T. Wearing and A. Wang. CPA R PROJECTNo. 83. Pulp and Paper Research Institute 

of Canada, Pointe Claire. Canada, 1979. 
14 H..Koopmari, Tcrruhairotz Lerr., (1965) 513. 


