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WKH�¿UVW�DFWLYDWHV�WKH�VRUEHQW�OLJDQGV��WKH�VHFRQG�HTXLOLEUDWHV�WKH�VRUEHQW�EHG������/RDG�±�LQ�WKH�ORDG�VWHS��VDPSOH�LV�DSSOLHG�
WR�WKH�63(�GHYLFH���0DWUL[�DQG�ÀRZ�UDWH�DUH�RSWLPL]HG�WR�TXDQWLWDWLYHO\�UHWDLQ�WDUJHW�DQDO\WHV������:DVK�±�LQ�WKH�ZDVK�VWHS��
FKRRVH�D�VROYHQW�WKDW�HOXWHV�LPSXULWLHV�EXW�UHWDLQV�WDUJHW�DQDO\WHV������(OXWH�±�WKH�HOXWLRQ�VWHS�LGHDOO\�UHPRYHV�DOO�WDUJHW�
DQDO\WHV�ZLWK�PLQLPDO�VROYHQW�WR�PD[LPL]H�VHQVLWLYLW\���6RPHWLPHV�WKLV�UHTXLUHV�D�FRPELQDWLRQ�RI�VROYHQWV�WR�EUHDN�ERWK�WKH�
SULPDU\�DQG�VHFRQGDU\�LQWHUDFWLRQV�

63(�3URFHVVLQJ�(TXLSPHQW
9DFXXP�PDQLIROGV�SURFHVV�PXOWLSOH�VDPSOHV�VLPXOWDQHRXVO\��VDYLQJ�WLPH�DQG�HIIRUW���0DQLIROG�V\VWHPV�FRPH�FRPSOHWH�ZLWK�
WKH�FRPSRQHQWV�OLVWHG�EHORZ���6HH�SDJH����IRU�RUGHULQJ�LQIRUPDWLRQ�
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���&RQGLWLRQ ���/RDG ���:DVK ���(OXWH

5HYHUVHG�3KDVH�([WUDFWLRQ�3URFHGXUH
0HFKDQLVP���%LQG�PRGHUDWHO\�SRODU�WR�QRQ�
SRODU�FRPSRXQGV�IURP�D�SRODU�VDPSOH�PDWUL[
*UDFH3XUH��6RUEHQWV���&���0D[��&���$T��
&���/RZ��&���)DVW��706

0HWKDQRO�IROORZHG�E\�
ZDWHU
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ÀRZ�UDWH�RI����P/�SHU�
PLQXWH�

:DWHU�RU�ZDWHU�PHWKDQRO�
������

0HWKDQRO�RU�DFHWRQLWULOH��
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VWURQJ�DFLG�RU�EDVH�WR�
RUJDQLF�VROYHQW�WR�EUHDN�
VHFRQGDU\�LQWHUDFWLRQV�

1RUPDO�3KDVH�([WUDFWLRQ�3URFHGXUH
0HFKDQLVP���%LQG�SRODU�FRPSRXQGV�IURP�D�
QRQ�SRODU�VDPSOH�PDWUL[
*UDFH3XUH��6RUEHQWV���6LOLFD��$PLQR��'LRO

,3$�IROORZHG�E\�KH[DQH 3URFHVV�VDPSOH�DW�D�
ÀRZ�UDWH�RI����P/�SHU�
PLQXWH�

+H[DQH�RU�KH[DQH�,3$�
������

,3$��HWK\O�DFHWDWH��
DFHWRQH��RU�KH[DQH�,3$�
�������

,RQ�([FKDQJH�([WUDFWLRQ�3URFHGXUH
0HFKDQLVP��%LQG�FKDUJHG��QHJDWLYH�DQLRQLF��
RU�SRVLWLYH�FDWLRQLF��FRPSRXQGV
*UDFH3XUH��6RUEHQWV���$QLRQ�;��&DWLRQ�;

0HWKDQRO��ZDWHU���������
IROORZHG�E\�ORZ�LRQLF�
VWUHQJWK�����0��EXIIHU

$SSO\�VORZO\��OHVV�WKDQ�
RU�HTXDO�WR��P/�PLQ��LRQ�
H[FKDQJH�NLQHWLFV�DUH�
VORZHU�WKDQ�UHYHUVHG�RU�
QRUPDO�SKDVH

0HWKDQRO��ORZ�LRQLF�
VWUHQJWK�����0��EXIIHU�
�������

+LJK�LRQLF�VWUHQJWK�
����0����0��EXIIHU�RU�
PRGLI\�S+�VXFK�WKDW�WKH�
DQDO\WH�LV�XQFKDUJHG���
0D\�QHHG�WR�DGG�RUJDQLF�
WR�EUHDN�K\GURSKRELF�
LQWHUDFWLRQV�

9DFXXP�0DQLIROG�&RPSRQHQWV
$�� *ODVV�&KDPEHU�
%�� 9DFXXP�9DOYH�DQG�*DXJH
&�� 3RO\SURS\OHQH�/LG�
'�� 6WRSFRFN�9DOYHV�
(�� &ROOHFWLRQ�5DFN�3ODWHV
)�� 6XSSRUW�3RVWV�IRU�&ROOHFWLRQ�5DFNV�
*�� 5HWDLQLQJ�&OLSV�IRU�&ROOHFWLRQ�5DFNV
+�� /LG�/HJV
,�� 0DQLIROG�,QOHW�&DSV
-�� 3RO\SURS\OHQH�1HHGOHV

'R�QRW�DOORZ�EHG�
WR�GU\�RXW�XQOHVV�
XVLQJ�&���$T�

,I�OHVV�WKDQ�GHVLUDEOH�
UHFRYHULHV��FROOHFW�
¿OWUDWH�RQ�ORDG��ZDVK��
DQG�HOXWLRQ�VWHSV�
WR�GHWHUPLQH�ZKHUH�
VDPSOH�LV�EHLQJ�ORVW�

2IWHQ��WKH�
HTXLOLEUDWLRQ�
VROYHQW�LV�D�
VXLWDEOH�ZDVK�
VROYHQW

%H�VXUH�VROYHQW�
LV�FRPSDWLEOH�
ZLWK�QH[W�VWHS�LQ�
WKH�DQDO\VLV�

ZZZ�GLVFRYHU\VFLHQFHV�FRP�

0HWKRG�'HYHORSPHQW
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� ��� 3VHXGRK\SHULFLQ
� ��� +\SHULFLQ

&ROXPQ�� $OOWLPD��&������P����[��PP�5RFNHW��+3/&�&ROXPQ���3DUW�1R��������
0RELOH�3KDVH�� 0H2+������+�32��������
)ORZ�5DWH�� ���P/�PLQ
'HWHFWRU�� 9,6�DW����QP

+\SHULFLQV�IURP�6W��-RKQ¶V�:RUW

3URFHGXUH�8VLQJ�*UDFH3XUH��&���0D[������PJ�
6DPSOH�7UHDWPHQW�±�3XOYHUL]H����PJ�6W��-RKQ¶V�:RUW�SRZGHU�LQWR�¿YH��
�P/�DOLTXRWV�RI�PHWKDQRO�ZDWHU����������&RPELQH�DQG�¿OWHU�H[WUDFWV�WR�
SURGXFH���P/�¿OWUDWH���'LOXWH�WR���P/�ZLWK�ZDWHU�
&RQGLWLRQLQJ�±�5LQVH�GHYLFH�ZLWK��P/�PHWKDQRO�IROORZHG�E\��P/�
GHLRQL]HG�ZDWHU�
6DPSOH�$SSOLFDWLRQ�±�$SSO\��P/�¿OWUDWH�WR�WKH�WRS�RI�WKH�63(�GHYLFH�DQG�
GUDZ�WKURXJK�WKH�&���SDFNHG�EHG�
:DVK
�±�:DVK�GHYLFH�ZLWK��P/�RI�GHLRQL]HG�ZDWHU�
(OXWLRQ�±�(OXWH�ZLWK��P/�PHWKDQRO�

5HSHDW�ORDG�DQG�ZDVK�VWHSV�FRQVHFXWLYHO\�XQWLO�¿OWUDWH�LV�FRQVXPHG�

3KHQROLF�$FLGV�IURP�(FKLQDFHD

3URFHGXUH�8VLQJ�*UDFH3XUH��&���0D[������PJ�
6DPSOH�7UHDWPHQW�±�3XOYHUL]H����PJ�HFKLQDFHD�SRZGHU�LQWR�¿YH���P/�
DOLTXRWV�RI�PHWKDQRO��&RPELQH�DQG�¿OWHU�H[WUDFWV�WR�SURGXFH���P/�¿OWUDWH��
'LOXWH�WR���P/�ZLWK�ZDWHU�
&RQGLWLRQLQJ�±�5LQVH�GHYLFH�ZLWK��P/�PHWKDQRO�IROORZHG�E\��P/�
GHLRQL]HG�ZDWHU�
6DPSOH�$SSOLFDWLRQ�±�$SSO\��P/�¿OWUDWH�WR�WKH�WRS�RI�WKH�63(�GHYLFH�DQG�
GUDZ�WKURXJK�WKH�&���SDFNHG�EHG�
:DVK
�±�:DVK�GHYLFH�ZLWK��P/�RI�GHLRQL]HG�ZDWHU�
(OXWLRQ�±�(OXWH�ZLWK��P/�RI�PHWKDQRO�ZDWHU���������

5HSHDW�ORDG�DQG�ZDVK�VWHSV�FRQVHFXWLYHO\�XQWLO�¿OWUDWH�LV�FRQVXPHG�

&ROXPQ�� $7��3HVWLFLGH���P�[�����PP�[������P�&DSLOODU\�*&�&ROXPQ���3DUW�1R��������
7HPSHUDWXUH�� ����&
&DUULHU�*DV�� +HOLXP����FP�VHF
'HWHFWRU�� (&'

&KORULQDWHG�3HVWLFLGHV�IURP�:DWHU

3URFHGXUH�8VLQJ�*UDFH3XUH��&���)DVW������PJ�
&RQGLWLRQLQJ�±�5LQVH�GHYLFH�ZLWK��P/�RI�PHWKDQRO�IROORZHG�E\��P/�
GHLRQL]HG�ZDWHU�
6DPSOH�$SSOLFDWLRQ�±�3DVV����P/±���P/��FRQWDLQLQJ����PHWKDQRO��RI�
ZDWHU�VDPSOH�WKURXJK�WKH�GHYLFH�DW���P/�PLQXWH�
:DVK�±�:DVK�GHYLFH�ZLWK���P/�RI�GHLRQL]HG�ZDWHU�WKHQ���P/�RI�
PHWKDQRO�GHLRQL]HG�ZDWHU����������5HPRYH�H[FHVV�E\�SDVVLQJ�DLU�WKURXJK�
WKH�GHYLFH�IRU�WZR�PLQXWHV�
(OXWLRQ�±�(OXWH�ZLWK��P/�RI�KH[DQH�HWK\O�DFHWDWH����������3DVV�H[WUDFW�
WKURXJK��J±�J�VRGLXP�VXOIDWH�WR�UHPRYH�UHVLGXDO�ZDWHU�

&ROXPQ�� $OOWLPD��&������P����[��PP�5RFNHW��+3/&�&ROXPQ���3DUW�1R��������
0RELOH�3KDVH�� $&1���P0�.�+32���S+������������
)ORZ�5DWH�� �P/�PLQ
'HWHFWRU�� 89����QP
,QM��9RO��� ��/

$QWLR[LGDQWV�IURP�&KDPRPLOH

3URFHGXUH�8VLQJ�*UDFH3XUH��&���0D[������PJ�
6DPSOH�7UHDWPHQW�±�3XOYHUL]H��J�FRPPHUFLDO�FKDPRPLOH�WHD�JURXQGV�
LQWR��P/�GLR[DQH�PHWKDQRO�����������)LOWHU�H[WUDFW�DQG�GLOXWH�WR���P/�ZLWK�
ZDWHU�
&RQGLWLRQLQJ�±�5LQVH�GHYLFH�ZLWK��P/�PHWKDQRO�IROORZHG�E\��P/�ZDWHU�
6DPSOH�$SSOLFDWLRQ
�±�$SSO\��P/�¿OWUDWH�
:DVK
�±�:DVK�ZLWK��P/�ZDWHU�
(OXWLRQ�±�(OXWH�¿UVW�ZLWK��P/�PHWKDQRO�ZDWHU�����������(OXWH�VHFRQG��
IUDFWLRQ�DQG�XVH�IRU�WKLV�DQDO\VLV��ZLWK��P/�PHWKDQRO�

%HIRUH�HOXWLRQ�VWHS��UHSHDW�ORDG�DQG�ZDVK�VWHSV�XQWLO�¿OWUDWH�LV�FRQVXPHG�

&ROXPQ�� $OOWLPD��&������P����[��PP�5RFNHW��+3/&�&ROXPQ���3DUW�1R��������
0RELOH�3KDVH�� $&1���P0�.�+32���S+�������������
)ORZ�5DWH�� ���P/�PLQ
'HWHFWRU�� 89�DW����QP

� ��� (FKLQLFRVLGH
� ��� &KORURJHQLF�$FLG
� ��� &DIIHLF�$FLG

5HFRYHU\��DV���6WDQGDUG�
� ��� α�%+&�������
� ��� /LQGDQH�������
� ��� β�%+&�������
� ��� +HSWDFKORU������
� ��� δ�%+&�������
� ��� $OGULQ������
� ��� +HSWDFKORU�(SR[LGH�������
� ��� α�(QGRVXOIDQ�������
� ��� S�S
�''(������
� ���� 'LHOGULQ�������
� ���� (QGULQ�������
� ���� S�S
�'''������
� ���� β�(QGRVXOIDQ�������
� ���� S�S
�''7
� ���� (QGULQ�$OGHK\GH�������
� ���� (QGRVXOIDQ�6XOIDWH�������
� ���� 0HWKR[\FKORU������
� ���� (QGULQ�.HWRQH�������
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$SSOLFDWLRQV

� ��� $SLJHQLQ���*OXFRVLGH
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)XQJLFLGHV�IURP�5HG�:LQH

3URFHGXUH�XVLQJ�*UDFH3XUH��&���0D[�����PJ�
6DPSOH�7UHDWPHQW�±�$GG������PJ�P/�HDFK�RI�FDUEHQGD]LP��
WKLDEHQGD]ROHP��WULDGLPHQRO��WULDGLPHIRQ��ÀXVLOD]ROH��GLQLFRQD]ROH�LQWR�
�P/�ZDWHU���&RPELQH�ZLWK��P/�%HDXMRODLV�UHG�ZLQH�
&RQGLWLRQLQJ�±�5LQVH�GHYLFH�ZLWK��P/�PHWKDQRO�IROORZHG�E\��P/�ZDWHU�
6DPSOH�$SSOLFDWLRQ�±�$SSO\��P/�UHG�ZLQH�PL[WXUH�
:DVK�±�1R�ZDVK�
(OXWLRQ�±�(OXWH�ZLWK��P/�PHWKDQRO�

9DVRGLODWRUV�IURP�'RQJ�4XDL

3URFHGXUH�XVLQJ�*UDFH3XUH��&���0D[������PJ�
6DPSOH�7UHDWPHQW�±�3XOYHUL]H�����PJ�FRPPHUFLDO�GRQJ�TXDL�URRW�
SRZGHU�LQWR�WKUHH���P/�DOLTXRWV�RI�PHWKDQRO���&RPELQH�DQG�¿OWHU�H[WUDFWV�
WR�SURGXFH���P/�¿OWUDWH���'LOXWH�WR���P/�ZLWK�ZDWHU�
&RQGLWLRQLQJ�±�5LQVH�GHYLFH�ZLWK��P/�PHWKDQRO�IROORZHG�E\��P/�ZDWHU�
6DPSOH�$SSOLFDWLRQ
�±�$SSO\��P/�¿OWUDWH�
:DVK
�±�:DVK�ZLWK��P/�ZDWHU�
(OXWLRQ�±�(OXWH�ZLWK��P/�PHWKDQRO�

%HIRUH�HOXWLRQ�VWHS��UHSHDW�ORDG�DQG�ZDVK�VWHSV�XQWLO�¿OWUDWH�LV�FRQVXPHG�

6HGDWLYHV�IURP�.DYD�.DYD

3URFHGXUH�XVLQJ�*UDFH3XUH��&���0D[������PJ�
6DPSOH�7UHDWPHQW�±�3XOYHUL]H����PJ�FRPPHUFLDO�NDYD�NDYD�URRW�SRZGHU�
LQWR�IRXU���P/�DOLTXRWV�RI�PHWKDQRO�ZDWHU�����������&RPELQH�DQG�¿OWHU�
H[WUDFWV�WR�SURGXFH��P/�¿OWUDWH���'LOXWH�WR���P/�ZLWK�ZDWHU�
&RQGLWLRQLQJ�±�5LQVH�GHYLFH�ZLWK��P/�PHWKDQRO�IROORZHG�E\��P/�ZDWHU�
6DPSOH�$SSOLFDWLRQ
�±�$SSO\��P/�¿OWUDWH�
:DVK
�±�:DVK�ZLWK��P/�ZDWHU�
(OXWLRQ�±�(OXWH�ZLWK��P/�PHWKDQRO�

%HIRUH�HOXWLRQ�VWHS��UHSHDW�ORDG�DQG�ZDVK�VWHSV�XQWLO�¿OWUDWH�LV�FRQVXPHG�

&ROXPQ�� $GVRUERVSKHUH��8+6�&������P������[����PP�+3/&�&ROXPQ��3DUW�1R���������
0RELOH�3KDVH�� 0HWKDQRO�:DWHU��������
)ORZ�5DWH�� ���P/�PLQ
'HWHFWRU�� 89�DW����QP
7HPSHUDWXUH�� $PELHQW

1LWURDURPDWLFV�DQG�1DSKWKROV�IURP�6RLO

3URFHGXUH�XVLQJ�*UDFH3XUH��&���0D[�����PJ�
6DPSOH�7UHDWPHQW�±�6SLNH����J�VRLO�ZLWK�����J�J�RI�HDFK�DQDO\WH���
&RPELQH�VRLO�ZLWK�����P/�GHLRQL]HG�ZDWHU��VKDNH�IRU����PLQXWHV��DQG�
¿OWHU�
&RQGLWLRQLQJ�±�5LQVH�GHYLFH�ZLWK��P/�PHWKDQRO�IROORZHG�E\��P/�ZDWHU�
6DPSOH�$SSOLFDWLRQ�±�$VSLUDWH�����P/�ZDWHU�VDPSOH�WKURXJK�63(�DW�ÀRZ�
UDWH����P/�PLQ�
:DVK�±�1R�ZDVK���$LU�GU\�IRU����VHFRQGV�
(OXWLRQ�±�(OXWH�ZLWK�WKUHH��P/�DOLTXRWV�RI�PHWKDQRO�ZDWHU�����������$LU�GU\�
IRU����VHFRQGV�EHWZHHQ�HDFK�HOXWLRQ�

� ��� 0HWK\VWLFLQ
� ��� <DQJRQLQ
� ��� .DYDLQ
� ��� 'LK\GURNDYDLQ
� ��� 'LK\GURPHWK\VWLFLQ

� ��� &DUEHQGD]LP
� ��� 7KLDEHQGD]ROH
� ��� 7ULDGLPHQRO
� ��� 7ULDGLPHIRQ
� ��� )OXVLOD]ROH
� ��� 'LQLFRQD]ROH
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� ��� ����'LQLWURWROXHQH
� ��� ��1DSKWKRO
� ��� ��1DSKWKRO
� ��� ��1LWURWROXHQH
� ��� ��1LWURWROXHQH
� ��� ��1LWURWROXHQH

� ��� =�OLJXVWLOLGH

&ROXPQ�� $OOWLPD��&������P����[��PP�5RFNHW��+3/&�&ROXPQ��3DUW�1R��������
0RELOH�3KDVH�� 0HWKDQRO������$FHWLF�$FLG��������
)ORZ�5DWH�� ���P/�PLQ
'HWHFWRU�� 89����QP
,QM��9RO��� ��/

&ROXPQ�� $OOWLPD��&������P�����[��PP�5RFNHW��+3/&�&ROXPQ��3DUW�1R��������
0RELOH�3KDVH�� $&1�,3$������$FHWLF�$FLG�����������
)ORZ�5DWH�� ���P/�PLQ
'HWHFWRU�� 89����QP
,QM��9RO��� ��/

�����
�����

&ROXPQ�� $OOWLPD��+3�&���$PLGH����P������[����PP�+3/&�&ROXPQ��3DUW�1R��������
0RELOH�3KDVH�� $��:DWHU��%��$FHWRQLWULOH
*UDGLHQW�� �7LPH���%�����������������������������������������
)ORZ�5DWH�� �P/�PLQ
'HWHFWRU�� 89�DW����QP
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����3UHVHUYDWLYHV�IURP�)UXLW�3XQFK

3URFHGXUH�XVLQJ�*UDFH3XUH��$QLRQ�;�����PJ�
6DPSOH�7UHDWPHQW�±�8VH��P/�IUXLW�SXQFK�DQG�DGMXVW�S+�WR����XVLQJ�
SRWDVVLXP�K\GUR[LGH�
&RQGLWLRQLQJ�±�5LQVH�GHYLFH���P/�ZDWHU�
6DPSOH�$SSOLFDWLRQ�±�$SSO\��P/�S+�DGMXVWHG�IUXLW�SXQFK�VDPSOH�
:DVK�±�:DVK�ZLWK���P/�ZDWHU�
(OXWLRQ�±�(OXWH�ZLWK��P/����1�K\GURFKORULF�DFLG�IROORZHG�E\��P/�PHWKDQRO�

%HQ]RGLD]HSLQHV�IURP�+XPDQ�3ODVPD

3URFHGXUH�XVLQJ�*UDFH3XUH��&���$T�����PJ�
6DPSOH�7UHDWPHQW�±�6SLNH�����/�SODVPD�ZLWK����/�RI�D����PJ�P/�
VWDQGDUG�VROXWLRQ���&RPELQH�ZLWK�����/�RI����0�VRGLXP�FDUERQDWH�EXIIHU���
9RUWH[�DQG�FHQWULIXJH�IRU����PLQXWHV�
&RQGLWLRQLQJ�±�5LQVH�GHYLFH��P/�ZDWHU�
6DPSOH�$SSOLFDWLRQ�±�$SSO\�HQWLUH�VDPSOH�
:DVK�±�:DVK�ZLWK��P/�ZDWHU�DQG�WKHQ����/�PHWKDQRO�
(OXWLRQ�±�(OXWH�ZLWK�����/�PHWKDQRO�

&DUEDPDWH�3HVWLFLGHV�IURP�:DWHU

3URFHGXUH�XVLQJ�*UDFH3XUH��&���)DVW�����PJ�
6DPSOH�7UHDWPHQW�±�6SLNH����P/�WDS�ZDWHU�ZLWK�����/�FDUEDPDWH�
VROXWLRQ�IRU�¿QDO�FRQFHQWUDWLRQ�RI���SSE�
&RQGLWLRQLQJ�±�5LQVH�ZLWK��P/�DFHWRQLWULOH�ZDWHU���������IROORZHG�E\��P/�
ZDWHU���'U\�ZLWK�YDFXXP�
6DPSOH�$SSOLFDWLRQ�±�$SSO\�����/�VDPSOH�
:DVK�±���[��P/�ZDWHU�
(OXWLRQ�±�(OXWH�ZLWK���[��P/�DFHWRQLWULOH�ZDWHU��������

&ROXPQ�� +HOLÀH[��$7��$TXD:D[�'$����P�[�����PP�[������P�&DSLOODU\�*&�&ROXPQ��
� �3DUW�1R��������
7HPS�� ����&����PLQ�KROG��WR�����&����PLQ�KROG��DW���&�PLQ
&DUULHU�� +HOLXP�DW�����P/�PLQ����FP�VHF�
'HWHFWRU�� ),'�DW�����&

&ROXPQ�� $OOWLPD��&������P������[����PP�+3/&�&ROXPQ��3DUW�1R��������
0RELOH�3KDVH�� $����P0�$PPRQLXP�$FHWDWH������7)$��%��$FHWRQLWULOH������7)$
*UDGLHQW�� �7LPH���%��������������������
)ORZ�5DWH�� ���P/�PLQ
'HWHFWRU�� (/6'

'LXUHWLFV�IURP�8ULQH

3URFHGXUH�XVLQJ�*UDFH3XUH��&���0D[������PJ�
6DPSOH�7UHDWPHQW�±�6SLNH�V\QWKHWLF�XULQH�ZLWK���GLXUHWLFV�WR�D�
FRQFHQWUDWLRQ�RI������J�P/�HDFK�
&RQGLWLRQLQJ�±�5LQVH�GHYLFH��P/�PHWKDQRO��IROORZHG�E\��P/�ZDWHU�
6DPSOH�$SSOLFDWLRQ�±�$SSO\���P/�VSLNHG�XULQH�VDPSOH�DW��P/�PLQ�
:DVK�±�:DVK�ZLWK��P/�ZDWHU�
(OXWLRQ�±�(OXWH�ZLWK��P/�PHWKDQRO���(YDSRUDWH�VROYHQW�DQG�UHFRQVWLWXWH�LQ�
����/�+3/&�PRELOH�SKDVH�

� ��� $OGLFDUE�VXOIR[LGH
� ��� 0HWKRP\O
� ��� ��+\GR[\FDUERIXUDQ
� ��� 3URSR[XU
� ��� &DUEDU\O
� ��� 0HWKLRFDUE

� ��� 6RUELF�DFLG
� ��� %HQ]RLF�DFLG

� ��� $FHWD]RODPLGH
� ��� +\GURFKORURWKLD]LGH
� ��� +\GURÀXPHWKLD]LGH
� ��� &ORSDPLGH
� ��� 7ULFKORURPHWKLD]LGH
� ��� ,QGDSDPLGH
� ��� %HQGURÀXPHWKLD]LGH
� ��� 6SLURQRODFWRQH

� ��� 2[D]HSDP
� ��� &ORQD]HSDP
� ��� 7HPD]HSDP
� ��� 'LD]HSDP

&ROXPQ�� $OOWLPD��+3�&������P������[����PP�+3/&�&ROXPQ��3DUW�1R��������
0RELOH�3KDVH�� $��:DWHU��%��$FHWRQLWULOH
*UDGLHQW�� �7LPH���%�������������������
)ORZ�5DWH�� �P/�PLQ
'HWHFWRU�� 89�DW����QP
7HPSHUDWXUH�� $PELHQW
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�P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�

$SSO\���P/�VDPSOH� �P/�',�ZDWHU��IROORZHG�E\��P/�,3$�',�ZDWHU�����������
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$QWLFRQYXOVDQWV� 6HUXP 3KHQREDUELWDO��3ULPLGRQH��&DUEDPD]HSLQH��
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SKHQ\OK\GDQWRLQ�
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K\GDQWRLQ�DV�LQWHUQDO�VWDQGDUG��9RUWH[���PLQXWH��

�P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�

$GG�WKH�SUHSDUHG�VDPSOH� �P/�RI�',�ZDWHU��YDFXXP���PLQXWHV� ����/�RI�PHWKDQRO�

%HQ]RGLD]HSLQHV 6HUXP 1RUFKORUGLD]HSR[LGH��'HPR[HSDP��&KORUGLD]�
HSR[LGH��1LWUD]HSDP��1RUGLD]HSDP��0HWDEROLWH�RI�
GLD]HSDP���'LD]HSDP

&���/RZ�����PJ 8VH�����/�VHUXP��$GG�����/�LQWHUQDO�VWDQGDUG�VROXWLRQ��
���J�P/�EHQ]RGLD]LSLQH��9RUWH[���PLQXWH�

�P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�

$GG�WKH�VHUXP�VDPSOH� �P/�',�ZDWHU��YDFXXP���PLQXWHV� �P/�RI�PHWKDQRO�
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Q�3HQWDQH�

�P/�SHQWDQH� $GG��P/�VDPSOH� ���P/�Q�SHQWDQH� �P/�HWKDQRO�

&DIIHLQH &RIIHH� &DIIHLQH &���$T�����PJ 1RQH��ZLOO�ZRUN�HTXDOO\�ZHOO�IRU�DQ\�EHYHUDJH�FRQWDLQLQJ�
FDIIHLQH�

�P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�

$GG��P/�SUHSDUHG�VDPSOH� �P/�',�ZDWHU��YDFXXP����PLQXWHV� �P/�RI�FKORURIRUP�
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',�ZDWHU�
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&DUERK\GUDWHV :LQH (WKDQRO��*OXFRVH��6XFURVH &���0D[�����PJ� 1RQH� �P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�

$GG��P/�RI�ZLQH�ZLWK�WKH�
YDFXXP�WXUQHG�RII�

1R�ZDVK��DOORZ�ZLQH�WR�UHPDLQ�LQ�FRQWDFW�ZLWK�
FDUWULGJH�IRU���PLQXWHV�

7XUQ�RQ�YDFXXP�DQG�FROOHFW�HOXDQW��7KH�RUJDQLF�DFLGV�DQG�
DQWKRF\DQLQV�ZLOO�UHWDLQ�ZKLOH�WKH�FDUERK\GUDWHV�SDVV�WKURXJK��
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�P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�

$GG����P/�RI�ZDWHU�
VDPSOH�

1R�ZDVK��DSSO\�YDFXXP�IRU���PLQXWHV� �P/�RI�HWK\O�DFHWDWH�

&KORURWHWUDF\FOLQH 2LQWPHQW &KORURWHWUDF\FOLQH 'LRO�����PJ� $GG��P/�RI�KH[DQH�WR���PJ�RI�RLQWPHQW��9RUWH[���PLQXWH� �P/�RI�KH[DQH� $GG�����/�SUHSDUHG�
VDPSOH�
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&KORUSKHQR[\�$FLG�
+HUELFLGHV�

:DWHU ����'��������7��6LOYH[ &���)DVW�����PJ $FLGLI\����P/�ZDWHU�VDPSOH�WR�S+����� �P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�

$GG�DFLGL¿HG�VDPSOH� :DVK�ZLWK��P/�RI�',�ZDWHU� �P/�RI�FKORURIRUP�

'HVDOWLQJ 3URWHLQ��
6ROXWLRQ

&\WRFKURP�&��5LERQXFOHDVH�$ &���$T�����PJ 1RQH� �P/�PHWKDQRO�IROORZHG�E\�
�������DPPRQLXP�K\GUR[LGH�

$SSO\��P/�SURWHLQ�VDOW�
VROXWLRQ�

1R�ZDVK� ����/������7)$�IROORZHG�E\�����/�DFHWRQLWULOH�FRQWDLQLQJ�
�����7)$��$SSO\�YDFXXP�XQWLO�GU\�
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�P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�
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',�ZDWHU�

$GG�����P/�VDPSOH�DW�ÀRZ�
UDWH�RI��P/�PLQ�

1R�ZDVK� (OXWH�ZLWK���[��P/�PHWKDQRO�ZDWHU����������$LU�GU\�DIWHU�HDFK�
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VRDS��LQWR�D�WHVW�WXEH��$GG���P/�PHWKDQRO�DQG�YRUWH[�RQH�
PLQXWH��&HQWULIXJH�UHVXOWLQJ�PL[WXUH�WR�UHPRYH�LQVROXEOH�
PDWHULDOV��5HPRYH�D�����/�DOLTXRW�WR�D��P/�YROXPHWULF�ÀDVN�
DQG�GLOXWH�WR�YROXPH�ZLWK�PHWKDQRO��

�P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�
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$SSO\��P/�VDPSOH� 1R�ZDVK� ��[�����P/�RI����0�1D&O�
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$GG�����/�SUHSDUHG�
VDPSOH�

�P/�RI�GLVWLOOHG�ZDWHU��FRQWLQXH�YDFXXP�IRU��
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3DVV�WZR�DOLTXRWV�RI�����/�PHWKDQRO�
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',�ZDWHU�
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VDPSOH�
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&UHDP
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���PLQXWHV��&RRO�WR�URRP�WHPSHUDWXUH��$GMXVW�S+�WR�����
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�P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�

$GG�SUHSDUHG�XULQH�VDPSOH� :DVK�¿UVW����P/�RI����0�+&O���:DVK�VHFRQG���P/�
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9DFXXP���PLQXWHV�
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&���/RZ�����PJ $GG��P/�PHWKDQROLF�.2+������Z�Y��WR���P/�RI�XULQH�LQ�D�WHVW�
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7KHRSK\OOLQH
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�P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�
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���J�P/�0HSLYDFDLQH�+&,�LQ����0�1D+�32���9RUWH[���PLQXWH�
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��PLQXWHV�
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YROXPH�RI����DPPRQLXP�K\GUR[LGH�LQ�',�ZDWHU�

�P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�

$SSO\���P/�VDPSOH� �P/�',�ZDWHU��IROORZHG�E\��P/�,3$�',�ZDWHU�����������
9DFXXP���PLQXWHV���1H[W�ZDVK��P/�KH[DQH��
YDFXXP���PLQXWHV���)LQDO�ZDVK�ZLWK��P/�,3$�

��[��P/�,3$�FRQWDLQLQJ����DPPRQLXP�K\GUR[LGH�

$QWLFRQYXOVDQWV� 6HUXP 3KHQREDUELWDO��3ULPLGRQH��&DUEDPD]HSLQH��
����'LSKHQ\OK\GDQWRLQ��033+����0HWK\OSKHQ\O���
SKHQ\OK\GDQWRLQ�

&���/RZ�����PJ� $GG�����/�RI����0�.+�32��EXIIHU��S+�����WR�����/�RI�VHUXP�
LQ�D�WHVW�WXEH��$GG�����J�P/�033+����PHWK\OSKHQ\O���SKHQ\O�
K\GDQWRLQ�DV�LQWHUQDO�VWDQGDUG��9RUWH[���PLQXWH��

�P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�

$GG�WKH�SUHSDUHG�VDPSOH� �P/�RI�',�ZDWHU��YDFXXP���PLQXWHV� ����/�RI�PHWKDQRO�

%HQ]RGLD]HSLQHV 6HUXP 1RUFKORUGLD]HSR[LGH��'HPR[HSDP��&KORUGLD]�
HSR[LGH��1LWUD]HSDP��1RUGLD]HSDP��0HWDEROLWH�RI�
GLD]HSDP���'LD]HSDP

&���/RZ�����PJ 8VH�����/�VHUXP��$GG�����/�LQWHUQDO�VWDQGDUG�VROXWLRQ��
���J�P/�EHQ]RGLD]LSLQH��9RUWH[���PLQXWH�

�P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�

$GG�WKH�VHUXP�VDPSOH� �P/�',�ZDWHU��YDFXXP���PLQXWHV� �P/�RI�PHWKDQRO�

%+$ 6R\�2LO %+$����WHUW�%XW\O���K\GUR[\DQLVROH� $PLQR�����PJ $GG���PJ�%+$�LQWR��P/�VR\�RLO�DQG�GLOXWH�WR���P/�ZLWK�
Q�3HQWDQH�

�P/�SHQWDQH� $GG��P/�VDPSOH� ���P/�Q�SHQWDQH� �P/�HWKDQRO�

&DIIHLQH &RIIHH� &DIIHLQH &���$T�����PJ 1RQH��ZLOO�ZRUN�HTXDOO\�ZHOO�IRU�DQ\�EHYHUDJH�FRQWDLQLQJ�
FDIIHLQH�

�P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�

$GG��P/�SUHSDUHG�VDPSOH� �P/�',�ZDWHU��YDFXXP����PLQXWHV� �P/�RI�FKORURIRUP�

&DUERK\GUDWHV 0RODVVHV )UXFWRVH��*OXFRVH��6XFURVH &���/RZ�����PJ 'LOXWH���J�PRODVVHV�WR����P/�ZLWK�',�ZDWHU� �P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�

$GG��P/�SUHSDUHG�VDPSOH� 1R�ZDVK��DSSO\�YDFXXP�IRU���PLQXWHV� &ROOHFW�HOXDWH��)LOWHU�WKURXJK�D������P�V\ULQJH�¿OWHU�

&DUERK\GUDWHV :LQH (WKDQRO��*OXFRVH��6XFURVH &���0D[�����PJ� 1RQH� �P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�

$GG��P/�RI�ZLQH�ZLWK�WKH�
YDFXXP�WXUQHG�RII�

1R�ZDVK��DOORZ�ZLQH�WR�UHPDLQ�LQ�FRQWDFW�ZLWK�
FDUWULGJH�IRU���PLQXWHV�

7XUQ�RQ�YDFXXP�DQG�FROOHFW�HOXDQW��7KH�RUJDQLF�DFLGV�DQG�
DQWKRF\DQLQV�ZLOO�UHWDLQ�ZKLOH�WKH�FDUERK\GUDWHV�SDVV�WKURXJK��

&KORULQDWHG�3HVWLFLGHV :DWHU α�%+&��/LQGDQH��β�%+&��+HSWDFKORU��$OGULQ��
+HSWDFKORU�(SR[LGH��S�S
�''(��'LHOGULQ��R�S
�'''��
(QGULQ��R�S
�''7��S�S
�'''��S�S
�''7

&���)DVW�����PJ 'XH�WR�WKH�ODUJH�VDPSOH�YROXPH��DWWDFK�ODUJH�YROXPH�UHVHUYRLU�
WR�63(�GHYLFH�

�P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�

$GG����P/�RI�ZDWHU�
VDPSOH�

1R�ZDVK��DSSO\�YDFXXP�IRU���PLQXWHV� �P/�RI�HWK\O�DFHWDWH�

&KORURWHWUDF\FOLQH 2LQWPHQW &KORURWHWUDF\FOLQH 'LRO�����PJ� $GG��P/�RI�KH[DQH�WR���PJ�RI�RLQWPHQW��9RUWH[���PLQXWH� �P/�RI�KH[DQH� $GG�����/�SUHSDUHG�
VDPSOH�

�P/�RI�KH[DQH��FRQWLQXH�YDFXXP�IRU���PLQXWHV� �P/�RI�D�PHWKDQRO����1�+&,�VROXWLRQ���������

&KORUSKHQR[\�$FLG�
+HUELFLGHV�

:DWHU ����'��������7��6LOYH[ &���)DVW�����PJ $FLGLI\����P/�ZDWHU�VDPSOH�WR�S+����� �P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�

$GG�DFLGL¿HG�VDPSOH� :DVK�ZLWK��P/�RI�',�ZDWHU� �P/�RI�FKORURIRUP�

'HVDOWLQJ 3URWHLQ��
6ROXWLRQ

&\WRFKURP�&��5LERQXFOHDVH�$ &���$T�����PJ 1RQH� �P/�PHWKDQRO�IROORZHG�E\�
�������DPPRQLXP�K\GUR[LGH�

$SSO\��P/�SURWHLQ�VDOW�
VROXWLRQ�

1R�ZDVK� ����/������7)$�IROORZHG�E\�����/�DFHWRQLWULOH�FRQWDLQLQJ�
�����7)$��$SSO\�YDFXXP�XQWLO�GU\�

/DFWLF�$FLG :DWHU /DFWLF�$FLG $QLRQ�;�����PJ 1RQH� �P/��0�1D&O�IROORZHG�E\�
��P/�',�ZDWHU�

�P/���P/�PLQ���S+���� ',�ZDWHU���P/� ���0�+&O������/�

/LGRFDLQH��0HWDEROLWHV 6HUXP *;��*O\FLQH[\OLGLGH���0(*;��0RQRHWK\OJO\�
FLQH[\OLGLGH���/LGRFDLQH��0HSLYDFDLQH��LQWHUQDO�
VWDQGDUG���

&���/RZ�����PJ 8VH�����/�VHUXP��$GG�����/�LQWHUQDO�VWDQGDUG�VROXWLRQ���
���J�P/�0HSLYDFDLQH�+&,�LQ����0�1D+�32���9RUWH[���PLQXWH�

�P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�

$GG�VDPSOH� �P/�',�ZDWHU�PHWKDQRO����������YDFXXP��
��PLQXWHV�

����/�PHWKDQRO�

1LWURDURPDWLFV�DQG�
1DSKWKROV

:DWHU ����'17����17����17����17�����1DSKWKRO����1DSKWKRO &���)DVW�����PJ 6SLNH�����P/�WDS�ZDWHU�ZLWK������J�P/�RI�DQDO\WHV� �P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�

$GG�����P/�VDPSOH�DW�ÀRZ�
UDWH�RI��P/�PLQ�

1R�ZDVK� (OXWH�ZLWK���[��P/�PHWKDQRO�ZDWHU����������$LU�GU\�DIWHU�HDFK�
HOXWLRQ�

2II�)ODYRUV :LQH ��(WK\O�3KHQRO����(WK\O�*XDODFRO &���/RZ�����PJ 1RQH� �P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�

$SSO\���P/�ZLQH�VDPSOH� �P/�ZDWHU� �P/�LVRSURS\O�DOFRKRO�

3DUDEHQ�3UHVHUYDWLYHV &RVPHWLFV 0HWK\O�3DUDEHQ��3URS\O�3DUDEHQ &���/RZ�����PJ :HLJK�RQH�JUDP�RI�FRVPHWLF��KDQG�FUHDP��WRRWKSDVWH��OLTXLG�
VRDS��LQWR�D�WHVW�WXEH��$GG���P/�PHWKDQRO�DQG�YRUWH[�RQH�
PLQXWH��&HQWULIXJH�UHVXOWLQJ�PL[WXUH�WR�UHPRYH�LQVROXEOH�
PDWHULDOV��5HPRYH�D�����/�DOLTXRW�WR�D��P/�YROXPHWULF�ÀDVN�
DQG�GLOXWH�WR�YROXPH�ZLWK�PHWKDQRO��

�P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�

$GG��P/�SUHSDUHG�VDPSOH� �P/�',�ZDWHU��YDFXXP���PLQXWHV� �P/�PHWKDQRO�

3HUFKORUDWH %LRORJLFDO�
0DWUL[

3HUFKORUDWH $QLRQ�;�����PJ 1RQH� �P/����0�1D&O�IROORZHG�E\�
�P/�',�ZDWHU�

$SSO\��P/�VDPSOH� 1R�ZDVK� ��[�����P/�RI����0�1D&O�

3KHQ\OSURSDQRODPLQH 8ULQH 3KHQ\OSURSDQRODPLQH &���/RZ�����PJ� �P/�XULQH�VDPSOH�LV�SODFHG�LQ�D�VPDOO�WHVW�WXEH��$GG����P/�RI�
FDUERQDWH�EXIIHU��1D+&2��1D�&2�������Z�Z���9RUWH[���PLQXWH�

�P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�

$GG�WKH�EXIIHUHG�XULQH� �P/�',�ZDWHU��YDFXXP���PLQXWHV� �P/�RI�FKORURIRUP�LVRSURSDQRO���������WKURXJK�WKH�FDUWULGJH��
5HSHDW�ZLWK�DQ�DGGLWLRQDO����P/�

3KWKDODWH�(VWHUV 'ULQNLQJ�:DWHU 'LPHWK\O�3KWKDODWH��'LHWK\O�3KWKDODWH��'LDOO\O�
3KWKDODWH��'LEXW\O�3KWKDODWH��'LDP\O�3KWKDODWH

&���/RZ�����PJ 1RQH� �P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�

$GG����P/�ZDWHU�VDPSOH� �P/�',�ZDWHU� 3DVV�WZR�����/�DOLTXRWV�RI�HWK\O�DFHWDWH�

3RO\DURPDWLF��
+\GURFDUERQV

5LYHU�:DWHU 1DSKWKDOHQH��$FHQDSKWK\OHQH��$FHQDSKWKHQH��
)OXRUHQH��3KHQDQWKUHQH��$QWKUDFHQH��)OXRUDQWKHQH��
3\UHQH��%HQ]>D@DQWKUDFHQH��&KU\VHQH��
%HQ]R>E@ÀXRUDQWKHQH��%HQ]R>N@ÀXRUDQWKHQH��
%HQ]R>D@S\UHQH��'LEHQ]>DK@DQWKUDFHQH��
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&���$T�����PJ 1RQH� �P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�

$SSO\����P/�ZDWHU��
FRQWDLQLQJ�3$+¶V�

�P/�',�ZDWHU�IROORZHG�E\��P/�,3$�:DWHU��������� ��[��P/�PHWKDQRO�

3RO\DURPDWLF��
+\GURFDUERQV

7DS�:DWHU $FHQDSKWKDOHQH��)OXRUHQH��3KHQDQWKUHQH��$QWKUDFHQH���
)OXRUDQWKUHQH��3\UHQH��%HQ]>D@DQWKUDFHQH��
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VDPSOH�

��P/�',�ZDWHU� �P/����1�+&O�IROORZHG�E\��P/�PHWKDQRO�

4XLQLGLQH 8ULQH 4XLQLGLQH 'LRO�����PJ� $GG��P/�+&O�DQG��P/�XULQH�VDPSOH�WR�D��P/�YROXPHWULF�ÀDVN��
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�P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�DGMXVWHG�WR�S+���

$GG�����/�SUHSDUHG�
VDPSOH�

�P/�RI�GLVWLOOHG�ZDWHU��FRQWLQXH�YDFXXP�IRU��
��PLQXWHV�WR�UHPRYH�UHVLGXDO�ZDVK�VROXWLRQ�

3DVV�WZR�DOLTXRWV�RI�����/�PHWKDQRO�

6DOLF\OLF�$FLG 8ULQH 6DOLF\OLF�$FLG��$FHW\OVDOLF\OLF�$FLG &���0D[�����PJ� 6SLNH��P/�V\QWKHWLF�XULQH�ZLWK����SSP�VDOLF\OLF�DFLG�DQG�
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�P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�

$GG��P/�VSLNH�XULQH� �P/���P0�SKRVSKDWH�EXIIHU�PRQREDVLF��S+��� �P/�PHWKDQRO�ZDWHU���������

6HGDWLYHV�+\SQRWLFV 6HUXP %DUELWDO��0HWK\SU\ORQ��$PREDUELWDO��3KHQDFHWLQ��
6HFREDUELWDO��0HSUREDPDWH��*OXWHWKLPLGH��&DI�
IHLQH��3KHQREDUELWDO��0HWKDTXDORQH��2[D]HSDP��
��0HWK\O�3ULPLGRQH��'LD]HSDP��1RGLD]HSDP

&���/RZ�����PJ 8VH�����/�VHUXP��$GG�����/�LQWHUQDO�VWDQGDUG�VROXWLRQ���
���J�P/���PHWK\O�SULPLGRQH�LQ����0�.+�32���S+�����
9RUWH[���PLQXWH�

�P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�

$GG�SUHSDUHG�VHUXP�
VDPSOH�

�P/�',�ZDWHU��YDFXXP���PLQXWHV� ����/�DFHWRQH�

6WHURLGV +\GURFRUWLVRQH�
&UHDP

+\GURFRUWLVRQH 6LOLFD�����PJ� :HLJK�RQH�JUDP�RI�FUHDP�LQWR�D���P/�YLDO��$GG���P/�KH[DQH�
HWK\O�DFHWDWH����������9RUWH[���PLQXWHV��'HFDQW�VXSHUQDWDQW�LQWR�
D���P/�YROXPHWULF�ÀDVN��5HSHDW�H[WUDFWLRQ�DQG�FRPELQH�VXSHU�
QDWDQWV��'LOXWH�WR�YROXPH�ZLWK�KH[DQH�HWK\O�DFHWDWH���������

�P/��KH[DQH�DFHWRQH��������� $GG��P/�SUHSDUHG�VDPSOH� �P/�RI�KH[DQH�DFHWRQH���������YDFXXP���PLQXWHV� 3DVV�WZR�DOLTXRWV�RI�����/�PHWKDQRO�

7+& 8ULQH Δ��7HWUDK\GURFDQQDELQRO &���/RZ�����PJ 3ODFH���P/�XULQH�VDPSOH�LQ�D�FHQWULIXJH�WXEH��$GG����P/�RI�
��1�1D2+��&DS�WXEH�DQG�SODFH�LQ�ERLOLQJ�ZDWHU�EDWK�IRU��
���PLQXWHV��&RRO�WR�URRP�WHPSHUDWXUH��$GMXVW�S+�WR�����
9RUWH[���PLQXWH��

�P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�

$GG�SUHSDUHG�XULQH�VDPSOH� :DVK�¿UVW����P/�RI����0�+&O���:DVK�VHFRQG���P/�
RI����0�SKRVSKRULF�DFLG�FRQWDLQLQJ�����DFHWRQLWULOH��
9DFXXP���PLQXWHV�

�P/�RI�DFHWRQH�WKURXJK�WKH�FDUWULGJH��&ROOHFW�HOXDWH�DQG�DGG�
���P/�RI�PHWK\OHQH�FKORULGH��FHQWULIXJH���PLQXWHV���5HPRYH�XS�
SHU�SKDVH�DQG�DGG����P/�RI�KH[DQH��&HQWULIXJH�IRU���PLQXWHV��
5HPRYH�XSSHU�SKDVH�RQFH�DJDLQ�DQG�GU\�WKH�WUHDWHG�VDPSOH��
5HGLVVROYH�LQ�����/�RI�FKORURIRUP�IRU�VXEVHTXHQW�*&�DQDO\VLV�

7+&��0HWDEROLWHV 8ULQH Δ��7HWUDK\GURFDQQDELQRO�0HWK\O�(VWHU����&DUER[\�
���QRU�Δ��7+&�0HWK\O�(VWHU��0HWDEROLWH�RI����

&���/RZ�����PJ $GG��P/�PHWKDQROLF�.2+������Z�Y��WR���P/�RI�XULQH�LQ�D�WHVW�
WXEH��&DS�DQG�KHDW�WXEH�WR�����&�IRU���±���PLQXWHV��&RRO�WR�
URRP�WHPSHUDWXUH�DQG�DGMXVW�S+�WR���

�P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�

$GG�SUHSDUHG�XULQH�VDPSOH� �P/�',�ZDWHU�IROORZHG�E\��P/�RI�DFHWRQLWULOH�ZDWHU�
���������9DFXXP���PLQXWHV�

�P/�RI�PHWKDQRO�

7KHRSK\OOLQH 6HUXP β�+\GUR[\HWK\O�7KHRSK\OOLQH��LQWHUQDO�VWDQGDUG���
7KHRSK\OOLQH

&���/RZ�����PJ� $GG��P/�RI����0�.+�32���S+����EXIIHU�WR��P/�VHUXP��9RUWH[�
IRU�RQH�PLQXWH��

�P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�

$GG�EXIIHUHG�VHUXP� �P/�',�ZDWHU��YDFXXP���PLQXWHV� �P/�RI�PHWKDQRO�

7RSLFDO�$QHVWKHWLFV 6HUXP %HQ]RFDLQH��3URFDLQH��0HSLYDFDLQH &���/RZ�����PJ 8VH�����/�VHUXP��$GG�����/�LQWHUQDO�VWDQGDUG�VROXWLRQ���
���J�P/�0HSLYDFDLQH�+&,�LQ����0�1D+�32���9RUWH[���PLQXWH�

�P/�PHWKDQRO�IROORZHG�E\��P/�
',�ZDWHU�

$GG�VDPSOH� �P/�',�ZDWHU�PHWKDQRO����������YDFXXP��
��PLQXWHV�

3DVV�����/�RI�PHWKDQRO�DQG�GU\��5HGLVVROYH�LQ�����/�RI��
FKORURIRUP�IRU�VXEVHTXHQW�DQDO\VLV�E\�JDV�FKURPDWRJUDSK\�

ZZZ�GLVFRYHU\VFLHQFHV�FRP

&RQWDFW�\RXU�RIILFH�RU�GLVWULEXWRU�IRU�SULFLQJ� ��&RS\ULJKW������$OOWHFK�$VVRFLDWHV��,QF�
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2UGHULQJ�,QIRUPDWLRQ

9DFXXP�0DQLIROG�	�$FFHVVRULHV��SKRWR�RQ�S����
'HVFULSWLRQ 4W\� 3DUW�1R�
���3RUW�9DFXXP�0DQLIROG HD ������
5HSODFHPHQW�3DUWV
/LG��*DVNHWV��DQG����6WRSFRFNV HD ������
*ODVV�&KDPEHU HD ������
9DFXXP�*DXJH��9DOYH��	�*ODVV�&KDPEHU HD ������
&ROOHFWLRQ�5DFN�����3RUW�6L]H HD ������
*DVNHWV�����3RUW�6L]H� � ������
2QH�:D\�6WRSFRFNV �� ������
:DVWH�&RQWDLQHU � ������

���3RUW�9DFXXP�0DQLIROG HD ������
5HSODFHPHQW�3DUWV
/LG��*DVNHWV��DQG����6WRSFRFNV HD ������
*ODVV�&KDPEHU HD ������
9DFXXP�*DXJH��9DOYH��	�*ODVV�&KDPEHU HD ������
&ROOHFWLRQ�5DFN�����3RUW�6L]H HD ������
*DVNHWV������DQG����3RUW�6L]H� � ������
2QH�:D\�6WRSFRFNV �� ������

*UDFH3XUH��63(�&ROXPQV

6RUEHQW
%HG�6L]H��

7XEH�9ROXPH 4W\� 3DUW�1R�
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���PJ��P/ ��SN �������
����PJ��P/ ��SN �������

&���/RZ ���PJ��P/ ���SN �������
���PJ��P/ ��SN �������
���PJ��P/ ��SN �������
���PJ��P/ ��SN �������
����PJ��P/ ��SN �������

&���)DVW ���PJ��P/ ��SN �������
����PJ��P/ ��SN �������

706 ���PJ��P/ ���SN �������
���PJ��P/ ��SN �������

6LOLFD ���PJ��P/ ���SN �������
���PJ��P/ ��SN �������
���PJ��P/ ��SN �������
����PJ���P/ ��SN �������
���PJ��P/ ��SN �������
����PJ��P/ ��SN �������
����PJ���P/ ��SN �������
�����PJ���P/ ��SN �������

$PLQR ���PJ��P/ ��SN �������
����PJ��P/ ��SN �������

'LRO ���PJ��P/ ���SN �������
���PJ��P/ ��SN �������
���PJ��P/ ��SN �������

$QLRQ�; ���PJ��P/ ���SN �������
���PJ��P/ ��SN �������

&DWLRQ�; ���PJ��P/ ���SN �������
���PJ��P/ ��SN �������

*5$&(���*5$&(�'$9,621���'$9,621���DQG�'$9,6,/��DUH�WUDGHPDUNV��UHJLVWHUHG�LQ�WKH�8QLWHG�6WDWHV�DQG�RU�RWKHU�FRXQWULHV��RI�:��5��*UDFH�	�&R��&RQQ���*5$&(�'$9,621�',6&29(5<�6&,(1&(6��DQG�*5$&(385(��DUH�WUDGHPDUNV�RI�:��5��*UDFH�	�&R��&RQQ���+(/,)/(;��LV�D�
WUDGHPDUN��UHJLVWHUHG�LQ�WKH�8QLWHG�6WDWHV�DQG�RU�RWKHU�FRXQWULHV��RI�$OOWHFK�$VVRFLDWHV��,QF���$'625%263+(5(���$//7,0$���$7���3/$7,180���DQG�52&.(7��DUH�WUDGHPDUNV�RI�$OOWHFK�$VVRFLDWHV��,QF���%$.(5%21'��LV�D�WUDGHPDUN��UHJLVWHUHG�LQ�WKH�8QLWHG�6WDWHV�DQG�RU�RWKHU�FRXQWULHV��
RI�0DOOLQFNURGW�%DNHU��,QF���675$7$��LV�D�WUDGHPDUN��UHJLVWHUHG�LQ�WKH�8QLWHG�6WDWHV�DQG�RU�RWKHU�FRXQWULHV��RI�3KHQRPHQH[��,QF���',6&29(5<��LV�D�WUDGHPDUN��UHJLVWHUHG�LQ�WKH�8QLWHG�6WDWHV�DQG�RU�RWKHU�FRXQWULHV��RI�6LJPD�$OGULFK�&R���683(/&/($1��LV�D�WUDGHPDUN�RI�6LJPD�$OGULFK�&R���
%21'�(/87��LV�D�WUDGHPDUN��UHJLVWHUHG�LQ�WKH�8QLWHG�6WDWHV�DQG�RU�RWKHU�FRXQWULHV��RI�9DULDQ��,QF���6(3�3$.��LV�D�WUDGHPDUN��UHJLVWHUHG�LQ�WKH�8QLWHG�6WDWHV�DQG�RU�RWKHU�FRXQWULHV��RI�:DWHUV�,QYHVWPHQWV�/LPLWHG���7KLV�WUDGHPDUN�OLVW�KDV�EHHQ�FRPSLOHG�XVLQJ�DYDLODEOH�SXEOLVKHG�LQIRUPDWLRQ�
DV�RI�WKH�SXEOLFDWLRQ�GDWH�RI�WKLV�EURFKXUH�DQG�PD\�QRW�DFFXUDWHO\�UHÀHFW�FXUUHQW�WUDGHPDUN�RZQHUVKLS��*UDFH�'DYLVRQ�'LVFRYHU\�6FLHQFHV�LV�D�SURGXFW�JURXS�RI�:��5��*UDFH�	�&R��&RQQ���$OOWHFK�$VVRFLDWHV��,QF��LV�D�ZKROO\�RZQHG�VXEVLGLDU\�RI�:��5��*UDFH�	�&R��&RQQ�����&RS\ULJKW������
$OOWHFK�$VVRFLDWHV��,QF���$OO�ULJKWV�UHVHUYHG��7KH�LQIRUPDWLRQ�SUHVHQWHG�KHUHLQ�LV�GHULYHG�IURP�RXU�WHVWLQJ�DQG�H[SHULHQFH���,W�LV�RIIHUHG��IUHH�RI�FKDUJH��IRU�\RXU�FRQVLGHUDWLRQ��LQYHVWLJDWLRQ�DQG�YHUL¿FDWLRQ���6LQFH�RSHUDWLQJ�FRQGLWLRQV�YDU\�VLJQL¿FDQWO\��DQG�VLQFH�WKH\�DUH�QRW�XQGHU�RXU�FRQWURO��ZH�
GLVFODLP�DQ\�DQG�DOO�ZDUUDQWLHV�RQ�WKH�UHVXOWV�ZKLFK�PLJKW�EH�REWDLQHG�IURP�WKH�XVH�RI�RXU�SURGXFWV���<RX�VKRXOG�PDNH�QR�DVVXPSWLRQ�WKDW�DOO�VDIHW\�RU�HQYLURQPHQWDO�SURWHFWLRQ�PHDVXUHV�DUH�LQGLFDWHG�RU�WKDW�RWKHU�PHDVXUHV�PD\�QRW�EH�UHTXLUHG���7KLV�SURGXFW�V��PD\�EH�FRYHUHG�E\�SDWHQWV�RU�
SDWHQWV�SHQGLQJ���*UDFH�UHVHUYHV�WKH�ULJKW�WR�FKDQJH�SULFHV�DQG�RU�VSHFL¿FDWLRQV�ZLWKRXW�SULRU�QRWL¿FDWLRQ���3ULQWHG�LQ�WKH�86$�

&RQWDFW�<RXU�/RFDO�2IILFH�WR�2UGHU�RU�5HFHLYH�7HFKQLFDO�6XSSRUW
*UDFH�'DYLVRQ�'LVFRYHU\�6FLHQFHV�
5HJLRQDO�+HDGTXDUWHUV

,Q�WKH�$PHULFDV�

�����:DXNHJDQ�5G�
'HHU¿HOG��,/������
7HO��������������
(PDLO��FRQWDFW�DOOWHFK#JUDFH�FRP

,Q�(XURSH�

%UDQGVWUDDW���
%������/RNHUHQ��%HOJLXP
7HO��������������
(PDLO��LQIR�ORNHUHQ�DOOWHFK#JUDFH�FRP

,Q�$VLD�

��WK�)ORRU��.�:DK�&HQWHU
�����+XD�+DL�=KRQJ�5RDG
6KDQJKDL��������3�5�&
7HO�����������������
(PDLO��GVEL]�DVLD#JUDFH�FRP

,Q�$XVWUDOLD�1HZ�=HDODQG�

���%URRNKROORZ�$YHQXH
%DXONKDP�+LOOV
1HZ�6RXWK�:DOHV�������$XVWUDOLD
7HO���������������
(PDLO��FXVWFDUH�DXVW�DOOWHFK#JUDFH�FRP

6LPSO\�WKH�%HVW��
9DOXH�LQ�63(�
5HIHU�WR�3ULFH�/LVW

*UDFH�'DYLVRQ�'LVFRYHU\�6FLHQFHV�+HDGTXDUWHUV
�����:DXNHJDQ�5RDG���'HHU¿HOG��,OOLQRLV�����������
7HO�����������������)D[�����������������(PDLO��FRQWDFW�DOOWHFK#JUDFH�FRP���:HE��ZZZ�GLVFRYHU\VFLHQFHV�FRP

&RQWDFW�\RXU�RIILFH�RU�GLVWULEXWRU�IRU�SULFLQJ� ��&RS\ULJKW������$OOWHFK�$VVRFLDWHV��,QF�
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GracePure™�63(�6RUEHQW�6SHFL¿FDWLRQV
��,GHDO�IRU�FRVW�FRQVFLRXV�ODEV

��&RQFLVH�RIIHULQJ�RI �SRSXODU�VRUEHQWV

*UDFH3XUH��63(�SURGXFWV�KDYH�D�FRQFLVH�RIIHULQJ�RI�VRUEHQWV�VXLWDEOH�IRU� 

D�YDULHW\�RI�DSSOLFDWLRQV��:KHWKHU�SKDUPDFHXWLFDO�RU�SHWURFKHPLFDO��WKHVH�SURGXFWV� 

GHOLYHU�WKH�VHOHFWLYLW\�DQG�KLJK�UHFRYHU\�\RX�H[SHFW��8VH�WKLV�JXLGH�WR�KHOS�\RX�FKRRVH� 

WKH�DSSURSULDWH�VRUEHQW��EHG�VL]H��DQG�VROYHQW�YROXPHV�WR�HQVXUH�\RX�KDYH�D�FOHDQHU��PRUH�

FRQFHQWUDWHG�VDPSOH�DW�WKH�HQG�RI�\RXU�63(�SURFHVV�

5HYHUVHG�3KDVH��1RQ�3RODU��6RUEHQWV�6SHFL¿FDWLRQV

Sorbent Support
% 

Carbon Endcapping
Surface 

Area
Particle 

Size
Pore 
Size Feature %HQH¿W Application Type

&���0D[ 6LOLFD ����� <HV ���P2�J ���P 60Å 3RO\PHULFDOO\�ERQGHG�

����FDUERQ�ORDG

+LJKHVW�ELQGLQJ�FDSDFLW\��

EHVW�IRU�FRPSOH[�VDPSOHV�RU�

VWUXFWXUDOO\�GLYHUVH�DQDO\WHV�

'UXJV�DQG�WKHLU�PHWDEROLWHV�LQ�

VHUXP�DQG�SODVPD��SHVWLFLGHV

C18-Aq 6LOLFD ����� <HV ���P2�J� ���P 60Å +\GURSKLOLF�HQGFDSSLQJ :DWHU�ZHWWDEOH�&���LGHDO�IRU�

DTXHRXV�VDPSOHV��3KDVH�

UHPDLQV�DFWLYH�HYHQ�ZKHQ�

FRPSOHWHO\�GU\�

'HVDOWLQJ�SURWHLQV��

SKDUPDFHXWLFDOV��KRUPRQHV��

SHVWLFLGHV��RUJDQLFV�LQ�ZDWHU

&���/RZ 6LOLFD ���� <HV ���P2�J ���P 60Å /HDVW�K\GURSKRELF� 

&���SKDVH

&���SKDVH�WKDW�HDVLO\�UHOHDVHV�

YHU\�K\GURSKRELF�FRPSRXQGV�

6XUIDFWDQWV��RLOV��DQWLELRWLFV

&���)DVW 6LOLFD ���� <HV ���P2�J ����P 60Å /DUJH�����P�SDUWLFOH� 3URFHVV�ODUJH�YROXPH��!���P/��

RU�YLVFRXV�VDPSOHV�ZLWK�IDVW�

ÀRZ�UDWHV�

$QLOLQH��SHVWLFLGHV��KDORHWKHUV��

SKWKDODWH�HVWHUV��(3$�������

����

,RQ�([FKDQJH�6RUEHQWV�6SHFL¿FDWLRQV

Sorbent Support
Exchange 
Capacity Counter Ion

Particle 
Size Feature %HQH¿W Application Type

Anion-X ���FURVV�OLQNHG�

VW\UHQH�

GLYLQ\OEHQ]HQH

���PHT�J $FHWDWH�IRUP ���P 7HWUDPHWK\O�DPPRQLXP�

IXQFWLRQDO�JURXS�RQ�

SRO\PHU�EDVH�PDWHULDO

S+�UDQJH�IURP��±����ZLWK�

H[FHOOHQW�H[FKDQJH�FDSDFLW\�

$QLRQLF�FRPSRXQGV��RUJDQLF�

DFLGV��IDWW\�DFLGV

Cation-X ���FURVV�OLQNHG�

VW\UHQH�

GLYLQ\OEHQ]HQH

���PHT�J +\GURJHQ�IRUP ���P %HQ]HQH�VXOIRQLF�DFLG�

IXQFWLRQDO�JURXS�RQ�

SRO\PHU�EDVH�PDWHULDO

S+�UDQJH�IURP��±����ZLWK�

H[FHOOHQW�H[FKDQJH�FDSDFLW\�

&DWLRQLF�FRPSRXQGV��DPLQHV��

DPLQR�DFLGV�

1RUPDO�3KDVH��3RODU��6RUEHQWV�6SHFL¿FDWLRQV

Sorbent Support
%

Carbon Endcapping
Surface 

Area
Particle 

Size 
Pore 
Size Feature %HQH¿W Application Type

6LOLFD 6LOLFD N/A N/A ���P2�J ���P 60Å 0RVW�SRODU�SKDVH $EOH�WR�GLIIHUHQWLDWH�EHWZHHQ�

VWUXFWXUDOO\�VLPLODU�FRPSRXQGV�

$ÀDWR[LQV��SHVWLFLGHV��

VWHURLGV��VWUXFWXUDO�LVRPHUV�

$PLQR 6LOLFD ���� No ���P2�J ���P 60Å 'XDO�UHWHQWLRQ 5HWDLQV�SRODU�FRPSRXQGV��

RU�FDQ�DFW�DV�D�ZHDN�DQLRQ�

H[FKDQJHU��(DVLO\�UHOHDVHV�

VWURQJ�DFLGV�ZKHQ�6$;�ELQGV�

WRR�VWURQJO\�

&DUERK\GUDWHV��G\HV��OLSLGV��

P\FRWR[LQV��VWURQJ�DFLGV�

'LRO 6LOLFD N/A No ���P2�J ���P 60Å 5HSURGXFLEOH�SRODU�

ERQGHG�SKDVH

9HU\�SRODU�SKDVH�WKDW�KDV�WKH�

VDPH�EHQH¿WV�DV�VLOLFD��EXW�

ZHWV�HDVLO\�DQG�RIIHUV�PRUH�

UHSURGXFLELOLW\�

$ONDORLGV��OLSLGV��RLOV��VWUXFWXUDO�

LVRPHUV

)ORULVLO® 0DJQHVLXP�

6LOLFDWH

N/A No ����P 60Å $OWHUQDWHV�SRODU�

SKDVH

/DUJH�SDUWLFOH�VL]H�SURFHVVHV�

ODUJH�VDPSOH�VL]HV�TXLFNO\�

(QYLURQPHQWDO

new
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4XDOLW\�$VVXUDQFH�&HUWL¿FDWH
Base Material Properties 
GracePure™ base silicas are characterized multiple  

ways to ensure that the starting point for every batch  

of media is consistent. Parameters that can directly affect 

SPE results are shown for lot-to-lot comparison.

Sorbent Characterization
7LJKW�VSHFL¿FDWLRQV�SURPLVH�FOHDQ�DQG�UHSURGXFLEOH�VRUEHQW�

performance. An HPLC chromatogram offers a detailed look 

at selectivity that is not possible with recovery tests alone. 

7XUELGLW\�PHDVXUHPHQWV�DIWHU�VRUEHQW�ERQGLQJ�FRQ¿UP�WKDW�

¿QHV�ZHUH�QRW�FUHDWHG�GXULQJ�WKH�PDQXIDFWXULQJ�SURFHVV�

Component Tests
GC/FID shows that GracePure™ tubes are constructed from 

a highly inert grade of polypropylene to prevent extractable 

contamination. Polyethylene frits are thoroughly washed in 

organic solvent which also eliminates extractables.

Manufacturing Control
GracePure™ SPE products are packed and assembled using 

custom-designed, precision equipment. Every manufacturing 

batch is guaranteed to have less than 2% bed weight variation 

DQG�XQLIRUP�ÀRZ�UDWHV��$�VRSKLVWLFDWHG�YLVXDO�LQVSHFWLRQ�

system only accepts product that meets our high standards 

for bed consistency and frit integrity.

GracePure™ Reversed-Phase SPE Columns
Sorbent Bed Weight Column Volume Qty. Part No.

C18-Max 50mg 1mL 100pk 5141484
100mg 1mL 100pk 5138765
500mg 3mL 50pk 5138766
500mg 6mL 30pk 5138767
1000mg 6mL 30pk 5138768
2000mg 20mL 20pk 5141525
5000mg 20mL 20pk 5141524

C18-Aq 50mg 1mL 100pk 5141486
100mg 1mL 100pk 5138774
500mg 3mL 50pk 5138775
1000mg 6mL 30pk 5138776
2000mg 12mL 30pk 5141482
5000mg 20mL 20pk 5141523

C18-Low 100mg 1mL 100pk 5138760
200mg 3mL 50pk 5138761
500mg 3mL 50pk 5138762
500mg 6mL 30pk 5138763
1000mg 6mL 30pk 5138764
5000mg 20mL 20pk 5141526

C18-Fast 500mg 3mL 50pk 5138758
1000mg 6mL 30pk 5138759
5000mg 20mL 20pk 5141527

GracePure™ Normal-Phase SPE Columns
Sorbent Bed Weight Column Volume Qty. Part No.

Silica 100mg 1mL 100pk 5138777
200mg 3mL 50pk 5138778
500mg 3mL 50pk 5138779
5000mg 20mL 20pk 5138780
500mg 6mL 30pk 5138781
1000mg 6mL 30pk 5138782
2000mg 12mL 30pk 5138783
10000mg 60mL 16pk 5138784

Amino 500mg 3mL 50pk 5138752
1000mg 6mL 30pk 5138753

Diol 100mg 1mL 100pk 5138771
200mg 3mL 50pk 5138772
500mg 3mL 50pk 5138773

Florisil® 500mg 3mL 50pk 5141522
1000mg 6mL 30pk 5141520
2000mg 12mL 30pk 5141521

GracePure™ SPE Columns

GracePure™ Ion-Exchange SPE Columns
Sorbent Bed Weight Column Volume Qty. Part No.

Anion-X 100mg 1mL 100pk 5138754
500mg 3mL 50pk 5138755
1000mg 3mL 50pk 5141487

Cation-X 100mg 1mL 100pk 5138769
500mg 3mL 50pk 5138770
1000mg 3mL 50pk 5141488

new

more info
For SPE Applications, see pages 494–502.
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Solvent

Tube Extractables

GracePure™ SPE

Competitor 1 SPE

Competitor 2 SPE

Competitor 3 SPE

Competitor 4 SPE

Competitor 5 SPE

GracePure™ tubes have no detectable extractables.  

GC/FID Tube Analysis

(Chloroform Extraction Method)

*UDFH3XUH��5HYHUVHG�3KDVH�DQG�1RUPDO�3KDVH�6SHFL¿FDWLRQV

Sorbent Support
Carbon 

(%) Endcapping

Surface 
Area 
(m2/g)

Particle 
Size 
(µm)

Pore 
Size  
(Å) )HDWXUHV�DQG�%HQH¿WV

C18-Max Silica 17.1 Yes 518 50 60 Polymerically bonded with highest binding capacity. Best for complex samples or 

structurally diverse analytes.

C18-Aq Silica 12.5 Yes 518 50 60 Water-wettable C18 ideal for aqueous samples.  Phase remains active even when 

completely dry.

C18-Low Silica 6.5 Yes 518 50 60 Lowest carbon-load C18 phase that easily releases very hydrophobic compounds. 

Use for surfactants, oils, antibiotics.

C18-Fast Silica 7.0 Yes 518 100 60 Large 100µm particle processes large volume (>500mL) or viscous samples with fast 

ÀRZ�UDWHV��,GHDO�IRU�DQLOLQH��SHVWLFLGHV��KDORHWKHUV��SKWKDODWH�HVWHUV��(3$������������
Silica Silica N/A N/A 518 50 60 Most polar phase is able to differentiate between structurally similar compounds. Use 

IRU�DÀDWR[LQV��SHVWLFLGHV��VWHURLGV��VWUXFWXUDO�LVRPHUV�
Amino Silica ��� No 518 50 60 5HWDLQV�SRODU�FRPSRXQGV��RU�FDQ�DFW�DV�D�ZHDN�DQLRQ�H[FKDQJHU���(DVLO\�UHOHDVHV�

strong acids when SAX binds too strongly. Use for carbohydrates, dyes, lipids, 

mycotoxins, strong acids.

Diol Silica N/A No 518 50 60 9HU\�SRODU�SKDVH�WKDW�KDV�WKH�VDPH�EHQH¿WV�DV�VLOLFD��EXW�ZHWV�HDVLO\�DQG�RIIHUV�PRUH�
reproducibility. 

*UDFH3XUH��3RO\PHU�,RQ�([FKDQJH�3KDVH�6SHFL¿FDWLRQV

Sorbent Support

Exchange 
Capacity 
(meq/g)

Counter 
Ion

Particle 
Size 
(µm) )HDWXUHV�DQG�%HQH¿WV

Anion-X 8% cross-linked styrene-

divinylbenzene

1.5 Acetate form 50 Tetramethyl ammonium functional group. Retains anionic compounds 

(organic acids, fatty acids). pH range from 1–14.

Cation-X 8% cross-linked styrene-

divinylbenzene

2.4 Hydrogen form 50 Benzene sulfonic acid functional group. Retains cationic compounds 

(amines, amino acids). pH range from 1–14.

GracePure™ SPE Columns
For the Clean-up, Concentration and Recovery of  Chromatography Samples

�� &OHDQ�²�([WUDFWDEOH�IUHH��PHGLFDO�JUDGH� 
 polypropylene tubes, and ultra-pure silica

�� 5HSURGXFLEOH�— Devices subjected to over 20  

 performance criteria, and guaranteed to have  

 less than 2% bed weight variation

�� 5HOLDEOH�²����\HDUV�63(�LQGXVWU\�H[SHULHQFH�� 
� FRPSUHKHQVLYH�WHFKQLFDO�VXSSRUW��DQG�,62������� 
� FHUWL¿HG
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Phase Tradename Cross Reference
If you use:

Try
GracePure™ Phase

Varian® 
Bond Elut®

Waters® 
Sep-Pak®

Phenomenex® 
Strata™

Supelco® 
Discovery®, Supelclean™

JT Baker 
Bakerbond™

C18-Max C18 tC18 &���( DSC-18 2FWDGHF\O
C18-Aq &��2+ C18 C18-U DSC-18Lt 2FWDGHF\O�OLJKWORDG
C18-Low N/A N/A N/A LC-18 N/A

C18-Fast N/A N/A N/A N/A N/A

Silica LC-Si Silica Si-1 DSC-Si or LC-Si Silica Gel

Amino NH2 NH2 NH2 LC-NH2 Amino

Diol �2+ Diol N/A DSC-Diol or LC-Diol N/A

Anion-X SAX N/A SAX DSC-SAX or LC-SAX Quaternary Amine

Cation-X SCX N/A SCX DSC-SCX or LC-SCX Aromatic Sulfonic Acid

SPE Vacuum Manifolds

Vacuum Manifold Components
A. Glass Chamber  F. Support Posts for Collection Racks 

B. Vacuum Valve and Gauge G. Retaining Clips for Collection Racks

C. Polypropylene Lid  H. Lid Legs

D. Stopcock Valves  I.� 0DQLIROG�,QOHW�&DSV
E. Collection Rack Plates J. Polypropylene Needles

GracePure™ Reversed-Phase SPE Columns
Sorbent Bed Weight Column Volume Qty. Part No.
C18-Max 50mg 1mL 100pk 5141484

100mg 1mL 100pk 5138765
500mg �P/ 50pk 5138766
500mg 6mL ��SN 5138767
1000mg 6mL ��SN 5138768
2000mg 20mL 20pk 5141525
5000mg 20mL 20pk 5141524

C18-Aq 50mg 1mL 100pk 5141486
100mg 1mL 100pk 5138774
500mg �P/ 50pk 5138775
1000mg 6mL ��SN 5138776
2000mg 12mL ��SN 5141482
5000mg 20mL 20pk 5141523
5000mg 20mL ��SN 5141489

C18-Low 100mg 1mL 100pk 5138760
200mg �P/ 50pk 5138761
500mg �P/ 50pk 5138762
500mg 6mL ��SN 5138763
1000mg 6mL ��SN 5138764
5000mg 20mL 20pk 5141526

C18-Fast 500mg �P/ 50pk 5138758
1000mg 6mL ��SN 5138759
5000mg 20mL 20pk 5141527

GracePure™ Normal-Phase SPE Columns
Sorbent Bed Weight Column Volume Qty. Part No.
Silica 100mg 1mL 100pk 5138777

200mg �P/ 50pk 5138778
500mg �P/ 50pk 5138779
5000mg 20mL 20pk 5138780
500mg 6mL ��SN 5138781
1000mg 6mL ��SN 5138782
2000mg 12mL ��SN 5138783
10000mg 60mL 16pk 5138784

Amino 500mg �P/ 50pk 5138752
1000mg 6mL ��SN 5138753

Diol 100mg 1mL 100pk 5138771
200mg �P/ 50pk 5138772
500mg �P/ 50pk 5138773

Florisil® 500mg �P/ 50pk 5141522
1000mg 6mL ��SN 5141520
2000mg 12mL ��SN 5141521

GracePure™ Polymer Ion-Exchange SPE Columns
Sorbent Bed Weight Column Volume Qty. Part No.
Anion-X 100mg 1mL 100pk 5138754

500mg �P/ 50pk 5138755
1000mg �P/ 50pk 5141487

Cation-X 100mg 1mL 100pk 5138769
500mg �P/ 50pk 5138770
1000mg �P/ 50pk 5141488

24-Port Manifold and Accessories
Description Qty. Part No.
24-Port Vacuum Manifold* ea 210224
Replacement Parts

Lid, Gaskets, and 24 Stopcocks ea 211224
Glass Chamber ea 210124
Vacuum Gauge, Valve, and Glass Chamber ea 210324
Collection Rack ea 210424
Gaskets 2 210724
2QH�:D\�6WRSFRFNV 24 211524

*12-Port also available


