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- Fast Separation 

- High Resolution & Efficiency 

- Excellent Protein Recoveries 

- High Loading Capacity 

- Wide pH Range of 1 to 14 

- High Pressure Limit of 4000 psi�
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- High Speed and Throughput Separation 

- Higher Sensitivity  

- Better Resolution & Efficiency  

- Significantly Less Mobile Phase Consumption �
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- High resolution and sensitivity 

- Stability in buffers from pH 1 to 14 allows 

denaturing of DNA  

- Temperature limit of 80° C allows 

denaturing of DNA  

- Pressure limit up to 4000 psi allows fast 

equilibration / clean-up  

- Low back pressure for easy scale-up  
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Wrapping of carbon tubes by synthetic single-stranded DNA was found that electrostatics of the 
DNA-CNT hybrid depends on tube diameter and electronic  properties, enabling nanotube 
separation by anion exchange chromatography. Optical absorption and Raman spectroscopy 
show that early fractions are enriched in the small diameter and metallic tubes, where late 
fractions are enriched in the large diameter and semiconducting tubes.  The purification of 
semiconducting single- walled carbon nanotubes (SWCNT) with a purity of 99% or higher is 
important in the electronic industry. The purification of semiconducting SWCNT from metallic 
SWCNT are related to hydrophilic and ligand density of anion exchange packing materials,  
column dimension  and DNA-CNT hybrid. 
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The following are the comparison of conventional NS 1500 column to  CNT-NS 1500 column in 
the separation of single stranded synthetic oligonucleotides standard mixture. Hydrocell CNT-
NS 1500 showed the longer and wider retention time in the separation of the same standard 
sample of 12-18 mer of phosphated oligothymidylic acid in the comparison with conventional 
NS 1500 for oligonucleotides and DNA fragment purification..  The relationship of DNA-CNT 
hybrid and the characteristic of  anion exchange packing materials in the purify semiconducting 
single-walled carbon nanotubes are under investigation. 

  

Conventional Hydrocell NS 1500  Column           Hydrocell CNT-NS 1500 Column 

                                                            

Column: 7.8 x 75 mm  

Mobile Phase: 
Eluent A: 25 mM CHES, pH 8.0 
Eluent B: Eluent A + 1.2 M Ammonium Sulfate, pH 8.0 
Gradient: Linear 10-50% B in 40 minutes 
Flow Rate: 2.5 mL / min. 
Detection: UV 260 nm 
Samples: OLigothymidylic Acid d( pT) 12-18 mer, 5 units in 1 mL of eluent A 
Injection: 30 µL 

____________________________________________________________________________ 

* Courtesy of Dr. Wei Zhao, Professor ,Department of Chemistry, University of Arkansas 
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The separation procedure is as follows: 1) 1 mg of HiPco nanotube was suspended in 1 
mL aqueous ssDNA (GT)40 solution (1 mg/mL ssDNA, 0.1 M NaCl in H2O). This mixture was 
kept in an ice-water bath and sonicated with a sonicator (Sonics, VCX 130PB) for 1 hour at a 
power level of about 8 W. After sonication, the sample was centrifuged overnight at 14,000 rpm 
(16,000 g, VWRbrand Galaxy 16 Microcentrifuge) to remove the insoluble materials; 2) A 
volume of 600 ìL of dispersed carbon nanotubes in ssDNA solution was injected into an anion-
exchange column NS 1500 (75 mm by 7.8 mm, Biochrom Labs, Inc.) in the HPLC system, and 
eluted in a linear salt gradient (0-0.9 M NaSCN in 20 mM MES buffer at pH 7.0) at a flow rate 
of  2.0 mL/min. Starting from 4 minute of the elution time, fractions were collected in every 15 s.  

Reference: 

&#���#���
%��������A���)���#�A��&��#��!�A��&�E�����
� �'�����#�
�)�������A���

Ming Zheng,1* Anand Jagota,1 Michael S. Strano,2 Adelina P. Santos,3  Paul Barone,2 S. Grace Chou,3 Bruce 
A. Diner,1 Mildred S. Dresselhaus,3 Robert S. Mclean,1 G. Bibiana Onoa,1 Georgii G. Samsonidze,3 Ellen D. 
Semke,1 Monica Usrey,2 Dennis J. Walls1  

Science 28 November 2003: 1545 
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- High Speed Separation of Polymers (3 to 5 Min) 

- High Resolution for High Molecular Weight of 

Synthetic Polymers 

- Single Batch of Wide Macropore Polymer Beads 

- High Pore Volume  
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Ligand Exchange HPLC Column 

        Ligand exchange columns are use for the analysis of carbohydrates, alcohols and organic 
acids. However, most columns 
 in the market are produced from low crosslinked resin and limited the speed of separations 
because of back pressure. BioChrom  
developed ligand exchange HPLC column, Hydrocell SCX 100 by sulfonating the high 
crosslinked polystyrene-divinylbenzene  
beads with average particle size 5 µm and  pore size 100 Å.  
 
The resin can be changed its selectivity by ligand exchange interaction with metal ion such as  
sodium, calcium and lead. The selection 
 of molecular weight range of analysis can also be controlled by changing  crosslinked 
percentage of resin. Pharmacopeia methods  
specify the type of HPLC column which should be used. Hydrocell SCX 100 column comply 
with USP definitions of Media Type L17. 
The ligand exchange interaction with calcium and lead of  H-form resin can change its 
application to comply with definitions of  media  
type L19 and L34. 

The typical operating conditions of the column is eluted under isocratic condition with water 
which has been adjusted to pH  2.5  
by sulfuric acid solution at flow rate 1.5 mL/minute  in 7.8 x 100 mm dimension of column at 
room temperature. The recommendation 
of maximum flow rate of this column is 6 mL / minutes. It is recommended  to clean this column 
with 0.5 M sulfuric acid, 0.5 M sodium 
 hydroxide or 80% Methanol. 

The separation conditions of this column to monitor the purity of  small drug, Ribavirin are as 
follows. 
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Hydrocell SCX 100 
  Column: 7.8 x 100 mm 
  Mobile Phase: Water 

, pH 2.5 (sulfuric 
Acid)  

Elution: Isocratic 

Detection: UV 207 
nm 

Flow Rate: 1.5 
mL/minute (back 
pressure 600psi) 

Sample: 6 ppm 
Ribavirin 

Injection: 10 µL 

Catalog #: 43-
21SCX  
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�-�%,+���F-��8+/.5).&(1�
�,$*/%1$(.,�E
�-�
!�%,+��)*,8'F-�
*4*/#*+��)%#*�E
� "��-��-��F�%,+��21'*(1��1(+�
E��-�����-����%,+��
�F�#*5%/%$(.,�%/*�%4%('%&'*���

�)*�0*+(%�%/*�0%,27%1$2/*+�%,+�J2%'($%$(4*'8�1.,$/. ''*+�$.�$)*�#%0*�#5*1(7(1%$(.,#��
�(/*1$�#1%'*�25�7/.0�%,%'8$(1%'�0(1/.6/%0�'*4*'�$.� 5/.1*##�9('.6/%0�#1%'*�1%,�&*�
%1)(*4*+�:($).2$�1)%,6*�(,�%+#./&*,$�#*'*1$(4($8��
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7./�*%1)�%,%'8$(1%'�%,+�5/*5%/%$(4*�1.'20,���)*,�(, #$%''*+�&*$:**,�$)*�(,N*1$(.,�
4%'4*�%,+�$)*�%,%'8$(1%'�./�5/*5%/%$(4*�1.'20,-�$)* #*�&(.1.05%$(&'*�1%/$/(+6*�
#8#$*0#�:(''�/*0.4*�$)*�1.,$%0(,%,$#�%,+�5/.'.,6�$) *�'(7*$(0*�.7�$)*�1.'20,#��

<�>������#��������#���!����������������

"������K��(.1.05%$(&'*�D'.:��%$)��
"����1.,.0(1%'�1%/$/(+6*�:($)�$($%,(20�7/($�
"���
*2#%&'*�).'+*/�
"���
.05'*$*�:($)�7(,6*/$(6)$�7($$(,6#�

�5*1(7(1%$(.,#��
�.'+*/���85*���C��$%(,'*##��$**'��''.8��

%/$/(+6*���,*/$��.'80*/��.+8����=���00�
D/($���($%,(20-���@0��./.#($8�

<%>�5��!��#�!6#���	�����#���!�����
�������

- �($)#$%,+#�5/*##2/*�25�$.���-����5#(�%$�
$*05*/%$2/*�.7����O
�

- 
*5'%1*%&'*�#,%5".,�#*%'#�%,+�/*2#%&'*�1%/$/(+6*#�
- 
*#*%'%&'*�%,+�(,$*/1)%,6*%&'*�&*$:**,�&.+(*#�

�5*1(7(1%$(.,#��
�.'+*/���85*���C��$%(,'*##��$**'��''.8��

%/$/(+6*���$%(,'*##��$**'�:($)������#*%'#-�
���=�!�00�
D/($���($%,(20-���@0��./.#($8�
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.'20,#�
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Column Accessories:  
 Effective January 1, 2010 
 

������'#����� C#�� ��#���!�G� ������

�,'(,*��.'4*,$�D('$*/�� ��� D������ $70.00�
D/($#�E��@0F�7./��,'(,*��.'4*,$�D('$*/�� ���� �DD
����� $45.00�
�/*1.'20,�D('$*/� ��� D������ $70.00�
D/($#�E��@0F�7./��/*1.'20,�D('$*/� ���� �
D
����� .$45.00�
�2%/+�
.'20,��+%5$*/-�#$%(,'*##�#$**'�$2&(,6� ��� �
� ������ $30.00�
�2%/+�
.'20,��+%5$*/-������$2&(,6� ��� �
������� $30.00�
�$%(,'*##��$**'��2&(,6-�����P���-��G�CP���-���10�� � ��� �������� $45.00�
�$%(,'*##��$**'��2&(,6-�����P���-��G�CP���-���10�� � ��� �������� $55.00�
�$%(,'*##��$**'��2&(,6-�����P���-��G�CP���-���10�� � ��� �������� $80.00�
�$%(,'*##��$**'��2&(,6-�����P���-��G�CP���-���10�� � ��� �����!�� $100.00�
�$%(,'*##��$**'��2&(,6-�����P���-��G�CP���-���0�� �� � �������� $30.00�
�$%(,'*##��$**'��2&(,6-�����P���-��G�CP���-���7$�� � �� �����C�� $45.00�
�$%(,'*##��$**'��2&(,6-�����P���-��G�CP���-����7$�� ��� �������� $200.00�
�$%(,'*##��$**'��2&(,6-�����P���-��G�CP���-���10�� � ��� �������� $45.00�
�$%(,'*##��$**'��2&(,6-�����P���-��G�CP���-���10�� � ��� �������� $55.00�
�$%(,'*##��$**'��2&(,6-�����P���-��G�CP���-���10�� � ��� ��������� $80.00�
�$%(,'*##��$**'��2&(,6-�����P���-��G�CP���-���10�� � ��� ��������� $110.00�
�$%(,'*##��$**'�D*//2'*#-��G�CP�� ���� D������ $35.00�
�$%(,'*##��$**'��%'*��2$#-��G�CP�� ���� ������� $35.00�
D(,6*/�$(6)$����%'*��2$#-��G�CP�:($)�D*//2'*#� ���� � ������ $105.00�
�*%'�$(6)$��%'*��2$#-��G�CP�:($)�D*//2'*#� ���� ������� $70.00�

.'20,��'26#-���"��-��G�CP� ���� 
������ $10.00�
�($%,(20�D/($#�E��@0F-��G!P�-�7./�!�C�./�����00���� 1.'20,� ���� ��D
����� $42.00�
�($%,(20�D/($#�E��@0F-��G�P-�7./�����00����1.'20,� � ��� ��D
��!�� $70.00�
�($%,(20�D/($#�E��@0F-��G�P�-�7./����00����1.'20,� � ��� ��D
����� $95.00�
�($%,(20�D/($#�E��@0F-��P-7./����00����
.'20,� ���� � �D
��C� $110.00�
�$%(,'*##��$**'�D/($#�E��@0F-��G!P-�7./�!�C�./����� 00����� ���� D
���� $30.00�
�$%(,'*##��$**'�D/($#�E��@0F-��G�P-�7./�����00���� � ��� D
��!� $35.00�
�$%(,'*##��$**'�D/($#�E��@0F-��G�P-�7./����00���� �� �� D
���� $45.00�
�$%(,'*##��$**'�D/($#�E��@0F-��P�-�7./����00���� ��� � D
��C� $50.00�

.05'*$*��05$8��� 
�
.'20,-����=�����00�� ��� ��"
��� $60.00�

.05'*$*��05$8��� 
�
.'20,-�����=�����00�� ��� ��"
�! � $65.00 

�
.05'*$*��05$8��� 
�
.'20,-�����=�����00�� ��� ��"
�C � $70.00 
�
.05'*$*��05$8��� 
�
.'20,-����=�����00�� ��� ��"
��� $60.00�


.05'*$*��05$8��� 
�
.'20,-�����=�����00�� ��� ��"
�! � $65.00�

.05'*$*��05$8��� 
�
.'20,-�����=�����00�� ��� ��"
�C � $70.00�

.05'*$*��05$8��� 
�
.'20,-����=�!�C�00�� ��� ��"
��� $60.00�

.05'*$*��05$8��� 
�
.'20,-�����=�!�C�00�� ��� ��"
�! � $65.00�

.05'*$*��05$8��� 
�
.'20,-�����=�!�C�00�� ��� ��"
�C � $70.00�

.05'*$*��05$8��� 
�
.'20,-����=�����00�� ��� ��"
!�� $90.00�

.05'*$*��05$8��� 
�
.'20,-�����=����00�� ��� ��"
!!� Q������


.05'*$*��05$8��� 
�
.'20,-�����=�����00� �� ��"
!�� $100.00�

.05'*$*��05$8��� 
�
.'20,-�����=�����00�� �� ��"
!�� $105.00�

.05'*$*��05$8��� 
�
.'20,-�����=����00�� �� ��"
�!� $155.00�

.05'*$*��05$8��� 
�
.'20,-�����=����00�� �� ��"
��� $195.00�

.05'*$*��05$8��� 
�
.'20,-�����=����00�� ��� ��"
C!� Q�������


.05'*$*��05$8��� 
�
.'20,-�����=����00�� ��� ��"
CC� $350.00�

.'20,��%19(,6��+%5$*/-�
.05/*##��85*��G!P-!�C�00� � �� 
������� $75.00�

.'20,��%19(,6��+%5$*/-�
.05/*##��85*��G�P-����00� � � 
�����!� Q������


.'20,��%19(,6��+%5$*/-�
.05/*##��85*��G�P-���00� �� 
������� Q����� �
�
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.05'*$*�������� 
�
.'20,-���=����00� �� ���"
��� Q�������


.05'*$*�������� 
�
.'20,-����=����00� �� ���"
�!� Q�������


.05'*$*�������� 
�
.'20,-����=����00� �� ���"
�C� Q�!�����


.05'*$*�������� 
�
.'20,-���=!�C�00� �� ���"
��� Q�������


.05'*$*�������� 
�
.'20,-����=!�C�00� �� ���"
�!� Q�������


.05'*$*�������� 
�
.'20,-����=!�C�00� �� ���"
�C� Q�!�����


.05'*$*�������� 
�
.'20,-���=����00� �� ���"
!�� Q�������


.05'*$*�������� 
�
.'20,-����=����00� �� ���"
!!� Q�������
�%19(,6��+%5$*/-������7./�����00���� �� 
���"�C� Q������
�%19(,6��+%5$*/-������7./�!�C�00���� �� 
���"��� Q������
�%19(,6��+%5$*/-������7./�����00���� �� 
���"��� Q������

�

�

�������		�����A���&6��#��! �

���
�
�  �
.'20,�
'*%,(,6��/.$.1.' �

�7�8.2�*=5*/(*,1*�5*%9�&/.%+*,(,6�%,+�&%#*'(,*�+/(7 $(,6�:)*,�2#(,6�%����
�
�  �
�.,��=1)%,6*�./��8+/.5).&(1��,$*/%1$(.,�
.'20,-�$)* �1.'20,�,**+#�$.�&*�
/*%1$(4%$*+�%,+�/*6*,*/%$*+���)*�5/.1*+2/*�7./�%�!� C�00����
�
�  �1.'20,�(#�%#�
7.''.:#��

��  D'2#)�:($)���K�0*$)%,.'�(,�:%$*/�%$�%�7'.:�/%$*�.7� ��0 G0(,��7./����0(,2$*#���
��  D'2#)�:($)�:%$*/-�%,+�$)*,���K�0*$)%,.'�(,������%
' �#.'2$(.,�%$�%�7'.:�/%$*�.7�

��0 G0(,��7./����0(,2$*#���
��  D'2#)�:($)����277*/�%$�%�7'.:�/%$*�.7���0 G0(,��7./ ����0(,2$*#���
!�  �J2('(&/%$*�:($)�$)*�#$%/$(,6�&277*/�%$�%�7'.:�/%$* �.7���0 G0(,���
��  
2,�%����0(,2$*#�&'%,9�6/%+(*,$���"�����K���&277*/� %$�%�7'.:�/%$*�.7���0 G0(,��


*5*%$�$)(#�5/.1*##�2,$('�$)*�&%#*'(,*�)%#�#$%&('(A *+���+N2#$�$)*�7'.:�/%$*#�%,+�
4.'20*#�7./�.$)*/������1.'20,#�5/.5./$(.,%$*'8���

�'$*/,%$(4*��/.1*+2/* ���205�$)*�1.'20,�:($)��������%���%J2*.2#�#.'2$(.,�
1.,$(,2.2#'8-�%$�%�7'.:�/%$*�.7���0 G0(,2$*�7./���) .2/-�./�'*%4*��������%���(,#(+*�
$)*�1.'20,�.4*/,(6)$��

�

�.�
*$*,$(.,�.7��(.0.'*12'*#�(,����
�
�  � �
�.,��=1)%,6*�./��8+/.5).&(1��,$*/%1$(.,�
.'20,# �

���
�
�  �1.'20,#�%/*�4*/8�)8+/.5)('(1�%,+�+.�,.$�) %4*�,.,"#5*1(7(1�%+#./5$(.,�
%,+�&(,+(,6���)*#*�1.'20,#�+.�,.$�,**+�+*$*/6*,$#-� #2/7%1$%,$#�./�./6%,(1�#.'4*,$#�
(,�$)*�&277*/�$.�1(/1204*,$�$)*�,.,"#5*1(7(1�&(,+(, 6�$)%$�0%8�.112/�(,�#('(1%"&%#*+�
./�.$)*/�5.'80*/(1�5%19(,6#�2#*+�7./�$)*�#*5%/%$(., �.7�&(.0.'*12'*#���7�8.2�)%4*�
#%05'*�/*$*,$(.,�5/.&'*0#�:($)����
�
�  �1.'20,#-�5 '*%#*�1)*19�8.2/�#%05'*�
%,+�&277*/�5/*5%/%$(.,-�%#�:*''�%#�*J2('(&/(20�$(0* �:($)�$)*�7(/#$�&277*/�&*7./*�
#%05'*�(,N*1$(.,��



 38

<�>�&��'������'���#��� �

��  �.'(+�#%05'*# ���)*�#%05'*#�%/*�5/*5%/*+�&8�+(##.'4(,6�%&.2$���06 �.7�#%05'*#�(,�
��0 �.7�$)*�7(/#$�&277*/���,�)8+/.5).&(1�(,$*/%1$(. ,�1)/.0%$.6/%5)8-�%�#0%''�
4.'20*�.7�#*1.,+%/8�&277*/�1%,�&*�%++*+�$.�(,1/*%#* �$)*�#.'2&('($8�.7�$)*�
#%05'*#��

��   (J2(+�#%05'*# ���)*�'(J2(+�#%05'*#�#).2'+�&*�7/**�.7�%,8�+*$*/6*, $#-�
#2/7%1$%,$#-�%,+�#.'4*,$#-�:)(1)�:(''�%77*1$�#%05'* �/*$*,$(.,�(,�$)*�#*5%/%$(.,��
�)*�5��4%'2*�%,+�#%'$�1.,1*,$/%$(.,�#).2'+�&*�%+N2# $*+�%#�1'.#*�$.�$)%$�.7�$)*�
7(/#$�&277*/�%#�5.##(&'*���)*�1.,1*,$/%$(.,�.7�#%05 '*#�#).2'+�&*�)(6)�*,.26)�$.�
&*�+*$*1$*+��

��  �/*5%/%$(4*�#%05'*# ���,�5/*5%/%$(4*�#*5%/%$(.,#-�$)*�#(A*�.7�$)*�#%05' *�'..5�
#).2'+�&*�(,1/*%#*+�$.�0%=(0(A*�$)*�'.%+(,6�1%5%1($ 8���)*�$*1),(J2*�.7�2#(,6�%�
+('2$*�#.'2$(.,�%,+�/*5*$($(4*�#%05'*�'.%+(,6�#).2' +�&*�%55'(*+�/%$)*/�$)%,�)(6)�
#%05'*�1.,1*,$/%$(.,���

<%>�%�$$������'���#��� �

�%'$�1.,1*,$/%$(.,#�%,+�5��4%'2*�%/*�$:.�7%1$./#�$) %$�%/*�6/*%$'8�%77*1$*+�(,�$)*�
#*5%/%$(.,�.7�&(.0.'*12'*#����#'(6)$�#)(7$�(,�&277* /�5��0%8�%77*1$�$)*�/*$*,$(.,�.7�
&(.0.'*12'*#�(,�%����
�
�  �1.'20,���)*�5��4%'2*�.7 �&277*/#�,**+#�$.�&*�%+N2#$*+�
$.�7($�$)*�#5*1(7(1�#*5%/%$(.,#�(,�0*$).+�+*4*'.50* ,$�  

<�>��E����A��������� ��

���
�
�  �1.'20,#�%/*�4*/8�)8+/.5)('(1���7�$)*�*J2( '(&/(20�$(0*�.7�$)*�7(/#$�&277*/�
(#�,.$�'.,6�*,.26)-�$)*�#%05'*#�0%8�,.$�)%4*�/*$*,$ (.,�./�$)*�#%05'*#�0%8�)%4*��
$..�#)./$�/*$*,$(.,�$(0*#�(,�$)*�#*5%/%$(.,�.7�&(.0 .'*12'*#���)*�*J2('(&/(20�4.'20*�
02#$�&*�%$�'*%#$����$(0*#�1.'20,�4.'20*���

D./�*=%05'*-�%����
�
�  �1.'20,-�����=�!�C�00-�)%#� %�1.'20,�4.'20*�E �=�
��F�R�����0 ���)*�*J2('(&/(20�4.'20*�.7�$)*�1.'20,� ,**+#�%$�'*%#$����0 ���7�$)*�
1.'20,�(#�*J2('(&/%$*+�%$���0 G0(,�-�$)*,�($�$%9*#� ���0(,2$*#�$.�*J2('(&/%$*�$)*�
1.'20,���

�.:*4*/-����
�
�  �1.'20,#�%/*�5/.+21*+�7/.0�/(6(+� 5.'80*/(1�#255./$#�%,+�
)%4*�$)*(/�0*1)%,(1%'�#$/*,6$)���)*#*�1.'20,#�1%,�& *�*J2('(&/%$*+�%$�)(6)�7'.:�
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