
. 2014. 3. . 85–91. 
DOI: 10.14258/jcprm.1403085 

 
 
 

 
 

 54.05 

 
 

, ,  

© . 1,2*, . 1,2, . 3, . 1, . 1, 
. 1, . 1 

1 , , 50-24, 
 660036 ( ), e-mail: inm@icct.ru 

2 , . , 79, , 
660041 ( ) 
3 . , , 50-38, 

, 660036 ( ) 
 

 
), .  

-
. , -

. -
, , , .  

, -
 100–150 . 

: ,  , , , -
, , , . 

 (  12-03-31433  12-03-93117)  
 (  07/12  04.09.2012). 

 

,  ( ) -
, -

-
 [1]. 

 
:  

, , , -
, -

, -
 [2–5]. -

, , 
,  

 
 [6]. 

 [7] -
 

                                                
* , . 

 –  
, , , 

, .: (391) 249-48-94,  
e-mail: bnk@icct.ru 

 –  
,  ,  , 

.: (391)249-55-84,  e-mail: lva@icct.ru  
 – , 

, .: (391) 249-45-10,  
e-mail: shusy@iph.krasn.ru  

 –  
, ,  

.: (391) 249-55-84, e-mail: alexsander.l@mail.ru  
 – ,  

, .: (391) 249-47-34,  
e-mail: gal@ksc.krasn.ru 

 – ,  
, .: (391) 249-48-85,  

e-mail: romaas82@mail.ru 
 – ,  

, .: (391) 249-55-87,  
e-mail: kargin@icct.ru 



. , . , . . 86

.  
 1- -3-  ([C4mim]+Cl )  30 °C.  

 0,52–2,95,  C6, C2  C3 -
.  

 [C4mim]+Cl . 
,  

,  
OH  C6  [8].  13C -

. -
,  

 in vitro  [9]. 
-

, ,  
, 

, . 

 

,  
.  1. 

 1–2  105 °C  6–8  
 1%.  [10].  

 
 – -

 – ,   [11]. -
 2. 

 [8] -
. 

 6–7%-  
. 

 Bruker RFS 100/S  
Ge .  

 Cw-Nd: YAG  1,064 .  
100–3500 -1,  2 -1.  
100 mW. ,  400 

. , 
.  

-
 OPUS Ver. 6.0 (Bruker Optik GmbH, ).  

 OriginPro 7.0 (OriginLab Corporation, ). 
-3  Cu 

K  (  = 0,154 ),  U 32 ,  24 .  
 1 ./ . 

 2  5,00  50,00 . 

 1.  
, % .  

     
48,7 21,4 23,2 2,6 4,1 

 2.  
 

) 
 

) 
-

, % 
-

, % 
200 0,66 0,1 5,5 



 ... 87

, -
,  – -

.  (0,66) -
 (0,64–0,80). 

-1000 HITACHI 
)  15 kV  100  10000  30 . 

 ( ) -
 Solver P47 ( , ), -

 14  ( ). -
. -

 6 . -
 3–4 . -

 1–2 ,  256  256  512  512.  
, . 

 

-
, , -

, , .  
, -

, ,  [12, 13]. 
 

 417–420, 588–590, 
840–845, 1073–1075, 1269–1279 -1 ( . 1). 

 417–420 -1  SO3  
(SO3),  588–590 -1 (O=S=O). -

 840–845 -1  C–O–S (C–O–S).   
 1073–1075 -1

s(O=S=O). 
 1269–1279 -1

as(O=S=O). 
 1095–1096, 1121, 1148–1152 -1  ( -

) s(COC) -
, -

,  1120–1124 -1. 
,  -

 CH  CH2 . -
 2894 -1 ,  CH , -

 2961–2966 -1 -
 CH2 . 

. 1.  
:  –  

; 1, 2 – -
 

 



. , . , . . 88

, , .  
 ( . 2 )  2 =22,  

 [14]  [15]. 
-

 [2, 3]. -
,  

-
 [16]. -

, , -
 ( . 2 ). 

 
 10–25  ( . 3). -

 –  75–500  30–150 .  
, . -

 1,5  0,1  ( ), . -
, . 

 ( ) ,  
 ( . 4). 

  
  

. 2.  ( )  ( )  

  
  

. 3.  ( )  ( ) 

 



 ... 89

  
  

. 4.  (  – ,  – ) 

 4, -
,  100–150 . -

, . 
-

,  [17], , -
, . 

 
, , . -

  
 [3], . 

 

, , -
,  – -

. 
-

, .  
.  

 100–150 . 
 

. 

 

 
.  .   

. 

 

1. Groth T., Wagenknecht W. Anticoagulant potential of regioselective derivatized cellulose // Biomaterials. 2001. 
Vol. 22. Issue 20. Pp. 2719–2729. 

2. . -
. ., 1988. 298 . 

3. , . -
 // . 2007.  3. . 55–61. 



. , . , . . 90

4. Mahner C., Lechner M.D., Nordmeier E. Synthesis and characterization of dextran and pullan sulphate // Carbohy-
drate Research. 2001. Vol. 331. Pp. 203–208. 

5. Wang Z.M., Li L, Zheng B.S., Normakhamatov N., Guo S.Y. Preparation and anticoagulation activity of sodium cel-
lulose sulfate // Int. J. Biol. Macromol. 2007. Vol. 41(4). Pp. 376–382. 

6. ., . . ., 1953. 680 . 
7. Wang, Z.M., Li L., Xiao K.-J., Wu J.-Y. Homogeneous sulfation of bagasse cellulose in an ionic liquid and anticoag-

ulation activity // Bioresource Technology. 2009. Vol. 100. N 4. Pp. 1687–1690. 
8. ., ., . -

 // . 2012.  1. . 39–44. 
9. ., ., . . , -

 Triticum aestivum L.,  // . 
2011. . 56.  6. .33–38. 

10. ., ., . : 
. ., 1991. 320 . 

11.  2312110 ( ).  / . -
, . , . , . . 10.12.2007. 

12. Zhang  K.,  Brendler  E.,  Fischer  S.  FT  Raman  investigation  of  sodium cellulose  sulfate  //  Cellulose.  2010.  Vol.  17,  
N 2. Pp. 427–435. 

13. Zhang K., Brendler E., Geissler A., Fischer S. Synthesis and spectroscopic analysis of cellulose sulfates with 
regulable total degrees of substitution and sulfation patterns via 13C NMR and FT Raman spectroscopy // Polymer. 
2011. Vol. 52. N 1. Pp. 26–32. 

14. .  //  / . . , . -
. ., 1974. . 2. . 412–423. 

15. ., ., . ,  
 // . 2007. . 15. 

 4. . 491–496. 
16. ., . -

. II. , -
 // . 2007.  3. . 63–67. 

17. ., ., ., ., . -
 

 // .  : . . III . . , 2012. . 182–185. 

 14  2013 . 



 ... 91

Levdansky V.A.1,2, Krylov A.S.3, Levdansky A.V.1, Bondarenko G.N.1, Kuznetsov B.N.1,2*, Romanchenko A.S.1, Mazurova E.V.1 

STUDY OF PRODUCTS OF MICROCRYSTALLINE CELLULOSE SULFATION WITH CHLOROSULFONIC ACID IN 
DIOXANE BY FT RAMAN, XRD, SEM AND AFM METHODS 

1Institute of Chemistry and Chemical Technology SB RAS, Akademgorodok, 50-24, Krasnoyarsk 660036 (Russia),  
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2Siberian Federal University, pr. Svobodny, 79, Krasnoyarsk, 660041 (Russia) 
3Kirensky Institute of Physics SB RAS, Akademgorodok, 50-38, Krasnoyarsk, 660036 (Russia) 
Physical-chemical study of the structure of sulfated microcrystalline cellulose (MCC) obtained by oxidative delignifica-

tion  of  wheat  straw  was  accomplished.  The  substitution  of  OH-groups  of  MCC  on  sulfate  groups  after  MCC  treatment  by  
chlorosufonic acid in dioxane was confirmed by Raman spectroscopy method. The decrease of MCC crystallinity degree was 
detected by XRD method. According to SEM and AFM data the MCC sulfates, obtained in dioxane medium have the morphol-
ogy completely different from initial MCC. They consist of spherical shape particles and the surface of MCC sulfates film is 
formed by homogeneous spheric shape crystallites with sizes 100–150 nm. 

Keywords: microcrystalline cellulose, chlorosulfonic acid, MCC sulfates, dioxane, FT Raman spectroscopy, X-ray dif-
fraction, scanning electron microscopy, atomic-force microscopy. 
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