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The HP CE instrument consists of a PC and a base unit consisting of
detection and separation subunits. Methods are developed on the PC
and downloaded to the base unit for independent execution. The control
electronics and firmware of the separation subunit takes care of tray and
vial movement, capillary voltage, current, and power control, capillary
temperature control, diagnostics, and related data capture.
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'2!4)/.� ).*%#4)/.�� �.� 4(%� (9$2/$9.!-)#� ).*%#4)/.� -/$%� 4(%

).*%#4)/.� 6/,5-%� )3� $%4%2-).%$� "9� 4(%� 4)-%� ).4%'2!,� /&� 02%3:

352%� !#2/33� 4(%� #!0),,!29�� �()3� 02%3352%�4)-%� ).4%'2!,� #!.� "%

!3� ,/7� !3� 	�� -"!2�3��  (%.� 02%3352%� )3� !00,)%$� "9� 3)-0,9

/0%.).'� !� 6!,6%� &/2� !� 30%#)&)%$� 4)-%� 4(%� 3,/0%� /&� 4(%� 02%3:

352%� $52).'� 37)4#().'� /&� 4(%� 6!,6%� )3� ./4� 6%29� 2%02/$5#)",%�

�!3� 253().'� 4(2/5'(� 4(%� 3934%-� 7),,� #!53%� 02%3352%� $2/03

4(!4� -!9� 2%35,4� ).� 42!.3)%.4� %22/23� ).� 4(%� 02%3352%� 3%.3/2� 3)':

.!,� 2%,!4)6%� 4/� 4(%� 2%!,� 02%3352%� '%.%2!4%$� !#2/33� 4(%� #!0),:

,!29�� �(%2%&/2%�� !3� $%3#2)"%$� %!2,)%2�� 4(%� ��� ��� ).3425-%.4

53%3� 02%3352%� 4!.+3� !3� '!3� &,/7� 3/52#%3� 7)4(� ()'(� /54054

)-0%$!.#%�� �(%� #/.$)4)/.3� !2%� #/.42/,,%$� 3/� 4(!4� 4(%� 02%3:

352%� ).#2%!3%3� /2� $%#2%!3%3� !##/2$).'� 4/� !� ,).%!2� 2!-0� &5.#:

4)/.��  )4(� 4(%� ")0/,!2� '!3� 3/52#%3� 4()3� 2!-0).'� #!.� "%� 0%2:

&/2-%$� ).� "/4(� $)2%#4)/.3��  )4(� 4()3� 3934%-�� 6!,6%� 37)4#().'

4)-%�� 4(%� 2%3)34!.#%� !.$� #!0!#)4!.#%� /&� 4(%� 45"%� !.$� #(!-:

"%23�� 4(%� 3)'.!,� 3!-0,).'� 2!4%�� !.$� %6%.� ,)-)4%$� ,%!+!'%� !2%

./� ,/.'%2� &!#4/23� 4(!4� ).&,5%.#%� 4(%� 02%#)3)/.� /&� 4(%� 02%3352%

).4%'2!,� !00,)%$� !#2/33� 4(%� #!0),,!29�

�/� &).)3(� 4(%� ).*%#4)/.� 02/&),%� !./4(%2� 6!,6%� )3� 37)4#(%$� 4/

2!-0� $/7.� 4(%� 02%3352%� ).� 4(%� ).,%4� 6)!,�� �� +).$� /&� 05,3%

7)$4(� -/$5,!4)/.� )3� 53%$� 4/� !#()%6%� !� 02%$%&).%$� 3,/0%�� �4

30%#)&)#� 02%3352%� 6!,5%3� $52).'� 4(%� 2!-0� 4(%� 3934%-� #(%#+3

4/� 3%%� )&� 4(%� ).4%'2!,� (!3� 2%!#(%$� 4(%� !002/02)!4%� 6!,5%�� �9

$%3)'.�� 4(%� ).4%'2!,� 7),,� !,7!93� "%� 3-!,,%2� 4(!.� 4(%� %80%#4%$

6!,5%�� �(%� 2!-0� )3� 4(%.� 34/00%$� !.$� 4(%� 02%3352%� )3� (%,$

0!33)6%,9� 5.4),� 4(%� -%!352%$� ).4%'2!,� )3� #/22%#4�� !.$� 4(%.� 4(%

2!-0� 34!243� !'!).�� �()3� ,%!$3� 4/� !� 35##%33)6%� !002/8)-!4)/.

/&� 4(%� ).4%'2!,� 5.4),� 4(%� 4!2'%4� 6!,5%� )3� 2%!#(%$� 7)4().� ±��
��

�/2� (9$2/$9.!-)#� ).*%#4)/.� !� 6!2)!",%� 02%3352%� #!.� "%� 3%:

,%#4%$� ).� !� 2!.'%� /&� ±��� -"!2�� �/2� &,53(� !.$� #,%!.� 02/#%$52%3
4(%� &5,,� 02%3352%� /&� !"/54� �� "!2� )3� !00,)%$� 4/� 4(%� ).,%4� 6)!,�

	
��
�����
��� �������

�52).'� 4(%� !.!,93)3� 4(%� #/.4%.4� /&� 4(%� 25.� "5&&%2� 7),,� "%:

#/-%� -/$)&)%$� "9� 4(%� !$$)4)/.� /&� %,%#42/#(%-)#!,� "9:02/$:

5#43�� � �/� !#()%6%� '//$� 2%02/$5#)"),)49� /&� 4(%� !.!,93)3� 4(%� 25.

"5&&%2� 3(/5,$� "%� %8#(!.'%$� !&4%2� 3%6%2!,� 25.3�� � �(%� 2%0,%.:

)3(-%.4� 3934%-� !,,/73� 4(%� 53%2� 4/� %-049� !� 6)!,�� 2%&),,� !� 6)!,�

/2� "2).'� !� 6)!,� 4/� !� $%3)2%$� ,%6%,� !54/-!4)#!,,9�

�/� $%4%2-).%� 4(%� ,)15)$� ,%6%,� ).� !� 6)!,� 4(%� &/,,/7).'� 34%03� !2%

%8%#54%$�

• �2!7� !� 3-!,,� !)2&,/7� 4(2/5'(� 4(%� 3(/24� %.$� /&� 4(%� 2%0,%.)3(
$/5",%� .%%$,%� !.$� -%!352%� 4(%� 02%3352%� $2/0� ).� 4(%� .%%$,%�

• �/6%� 4(%� 6)!,� 3,/7,9� 507!2$� !'!).34� 4(%� %.$� /&� 4(%� #!0),,!29
!.$� 7!)4� &/2� !� 3(!20� ).#2%!3%� ).� 4(%� 02%3352%� $2/0�� ).$)#!4:

).'� 4(!4� 4(%� .%%$,%� (!3� 4/5#(%$� 4(%� ,)15)$� 352&!#%�

�(%� ./)3%� /&� 4(%� 02%3352%� 3%.3/2� -534� "%� 6%29� 3-!,,� "%#!53%

4(%� $%4%#4)/.� !,'/2)4(-� 53%3� 4(%� 3,/0%� /&� 4(%� 02%3352%� 4/

!#()%6%� !� 3-!,,� $%,!9� "%47%%.� 4/5#().'� 4(%� 352&!#%� !.$

$%4%#4)/.�� � �/2� !� #/-0,%4%� $%3#2)04)/.� /&� 4(%� 2%0,%.)3(-%.4

3934%-�� 3%%� 4(%� !24)#,%� /.� 0!'%� 
	�

���������� 

��
�����
� �������

�%#!53%� !� 4%-0%2!452%� #(!.'%� /&� �°�� #(!.'%3� 4(%� 6)3#/3)49
"9� -/2%� 4(!.� 	�� !.$� 6)3#/3)49� (!3� !.� ).&,5%.#%� /.� %,%#42/:

0(/2%4)#� -/"),)49�� 4(%� #!0),,!29� 4%-0%2!452%� -534� "%� #/.:

42/,,%$� 3/� 4(!4� )4� )3� 34!",%� 7)4().� ±���°�� 3/� !3� ./4� 4/� $%'2!$%
4(%� !.!,94)#!,� 2%02/$5#)"),)49�

�(%� #!0),,!29� 4%-0%2!452%� )3� #/.42/,,%$� "9� (%!4).'� /2� #//,:

).'�� $%0%.$).'� /.� )43� 2%,!4)/.� 4/� !-")%.4�� �� �%,4)%2� #//,%2� )3

53%$� !3� !� #//,).'� %,%-%.4� &/2� 4(%� #!0),,!29�� �9� 2%6%23).'� 4(%

#522%.4� 0/,!2)49� 4(%� 3!-%� %,%-%.4� #!.� "%� 53%$� &/2� (%!4).'�

�%#!53%� )43� 0/7%2� %&&)#)%.#9� -!9� "%� !3� ,/7� !3� 	���� !.� %,%#:

42)#!,� 3500,9� /&� ���� 7!443� )3� 2%15)2%$�� �� #522%.4� 3/52#%� 7!3

3%,%#4%$� 4/� $2)6%� 4(%� �%,4)%2� %,%-%.4� "%#!53%� ).� 4()3� 490%� /&



��� � � � � � � �4-$� 
���� �$6+$33;� "* 1#� �.41- +

�
��� ��� �� 2(7;!(3� %(-$;34-$� %4-"3(.-

(2�  ##$#� 3.� 3'$� ! 2("� �;!(3� /4+2$

6(#3'� ,.#4+ 3(.-� .%� 3'$

26(3"'$#;,.#$� "411$-3� 2.41"$

3' 3� #1(5$2� 3'$� �$+3($1� "..+$1�� �'(2

(-"1$ 2$2� 3'$� /1$"(2(.-� .%� 3'$

" /(++ 18� 3$,/$1 341$� ".-31.+�PW� = MS Byte + 1 PW = MS Byte PW�

n Cycles, n = LS Byte, Cycle = 12.5 ms

64 Cycles = 800 ms

L

H

8 Bits MS Byte 6 Bits LS Byte

Calculated Every
Three Seconds

16-Bit Control Data (14 Bits Used)

f = 30 kHz

 //+(" 3(.-� 3'$� �$+3($1� (2� ,4"'� ,.1$� +(-$ 1� 3' -� 6(3'� 5.+3 &$

".-31.+�� �-�  ##(3(.- +� !$-$%(3� (2� 3' 3� "411$-3� ".-31.+� (2� (-#$;

/$-#$-3� .%� 3'$� 24//+8� 5.+3 &$�� 6'("'�  ++.62� ./$1 3(.-� 6(3'

 -� 4-23 !(+(9$#� 5.+3 &$�� 1$#4"(-&� 3'$� ".23� .%� 3'$� /.6$1� 24/;

/+8�  -#� (-"1$ 2(-&� 3'$� .5$1 ++� $%%("($-"8�

�'$� $%%("($-"8� .%�  � �$+3($1� "..+$1� (2� #$/$-#$-3� .-� 3'$� 3$,;

/$1 341$� #(%%$1$-"$� !$36$$-� 3'$� '.3� 2(#$�  -#� 3'$� ".+#� 2(#$�

�3�  � "$13 (-� 3$,/$1 341$� #(%%$1$-"$� 3'$1$� (2� -.� ,.1$� "..+(-&

$5$-� 6'$-� ,.1$� $+$"31(" +� /.6$1� (2� 24//+($#�� �.�  5.(#� ./$1;

 3(.-� (-� 3'(2� 1$&(.-� !.3'� �$+3($1� 2(#$� 3$,/$1 341$2�  1$� ,$ ;

241$#�� �'(2� (-%.1, 3(.-� (2�  +2.� 42$#� 3.� /1$5$-3� $(3'$1� 2(#$� .%

3'$� �$+3($1� %1.,� !$".,(-&� '$ 3$#�  !.5$� �	°��� 6'("'� 6.4+#

#$"1$ 2$� 3'$� +(%$3(,$� #1 , 3(" ++8�

�'$� 3$,/$1 341$� 3.� !$� ".-31.++$#� (2� -.3� 3'$� �$+3($1�2�� !43� 3'$

" /(++ 18�2�� �'(+$� 3'$� $7 "3� 3$,/$1 341$� .%� 3'$� " /(++ 18� (2

' 1#� 3.� ,$ 241$� !$" 42$� .%� 3'$� 2(9$�  -#� &$.,$318�� 3'$�  (1

3$,/$1 341$�  1.4-#� 3'$� " /(++ 18� 31 "*2� (3� "+.2$+8� (-� 5 +4$

 -#� 3(,$�� �'$1$%.1$��  � 2$-2.1� (2� /+ "$#� 6'$1$� 3'$�  (1%+.6

$7(32� 3'$� " /(++ 18� " 131(#&$�� �'(2�  ++.62�  � %(7$#� +." 3(.-� %.1

3'$� 2$-2.1�  -#� 6(1(-&� 6'(+$� 3'$� " 131(#&$� (2� $ 28� 3.�  ""$22�

�'$� '(&'�  (1%+.6� 2/$$#� .%� 
	� ,�2� /1.5(#$2� &..#�� % 23� 3'$1;

, +� ".-3 "3� !$36$$-� 3'$� " /(++ 18�  -#� 3'$� 3'$1,.2$-2.1�

���	�
�
� �������

�.�  "'($5$� &..#� /1$"(2(.-� ".,!(-$#� 6(3'� 23$$/� 2+./$2��  

" 2" #$#� ".-31.+� ".-"$/3� (2� (,/+$,$-3$#�� �'(2� 1$04(1$2�  

+(33+$� ,.1$� ' 1#6 1$�  -#� %(1,6 1$�� !43� .%%$12� !$33$1� ".-31.+;

+ !(+(38�  +.-&� 6(3'� %+$7(!(+(38�  -#� $ 2$� .%� ./3(,(9 3(.-�� �'(2

2 5$#� 1(2*�  -#� 2/$$#$#� 3'$� #$5$+./,$-3� /1."$22�

�2�  +1$ #8� ,$-3(.-$#�� 3'$� $%%("($-"8� .%� 3'$� �$+3($1� (2� 231.-&+8

#$/$-#$-3� .-� 3'$� 3$,/$1 341$� #(%%$1$-"$� !$36$$-� (32� '.3�  -#

".+#� 2(#$2�� �'$1$%.1$�� (3� (2� 6(2$� 3.� *$$/� 3'$� 3$,/$1 341$� #(%;

%$1$-"$� !$36$$-� 3'$�  (1�  -#� 3'$� �$+3($1�  2� +.6�  2� /.22(!+$�

�'(2� +$ #2� 3.�  � '$ 3� 2(-*� + 1&$� (-� 2(9$�  -#� 5.+4,$�� �� &..#

'$ 3� 2(-*� , 3$1( +� (2� ,$3 +�� 6'("'� ' 2�  � '(&'� 3'$1, +� " / "(;

3 -"$�� �'$� 1$24+3� (2�  � +.-&� #$ #� 3(,$�  -#�  � '(&'� 3(,$� ".-23 -3

!$36$$-� 3'$� �$+3($1� 3$,/$1 341$�  -#� 3'$�  (1� 3$,/$1 341$�

�.-5$-3(.- +� ".-31.+�  +&.1(3',2�  1$� $(3'$1� 2+.6� .1� 2'.6

+.-&� 1(-&(-&� .1� (-23 !(+(3($2�� �'$� " 2" #$#� ".-31.+� +../� .%� 3'$

��� ��� (-2314,$-3� 42$2�  � 2$-2.1� "+.2$� 3.� 3'$� �$+3($1�2� ".+#

2(#$� 3.�  "'($5$� 2/$$#8� ,$ 241$,$-3� %.1� 23$$/� 2+./$2�  -#

&..#� 23 !(+(38�� �.6$5$1�� 3'$�  ,!($-3� 1$)$"3(.-� (2� -.3� 2.

&..#�� � 18(-&� +. #2�� #.,(- 3$#� !8� 3'$�  ,!($-3� 3$,/$1 341$�

, 8� +$ #� 3.�  � 3$,/$1 341$� #(%%$1$-"$� .%� 4/� 3.� �°�� !$36$$-

3'$� '$ 3� 2(-*� "+.2$� 3.� 3'$� �$+3($1�  -#� 3'$�  (1�  3� 3'$� " /(++ 18�

�.� ".11$"3� 3'(2� /1.!+$,��  � 2$".-#� ".-31.+� +../� (2� (,/+$;

,$-3$#�  1.4-#� 3'$� ".-31.+� +../� 3' 3� 23 !(+(9$2� 3'$� 3$,/$1 ;

341$�  3� 3'$� �$+3($1�� �'(2� .43$1� +../� .5$11(#$2� 3'$� 2$3/.(-3

5 +4$� %.1� 3'$� %(123� +../�  -#�  # /32� 3.�  ,!($-3� "' -&$2� (-� 3'$

:,(-43$�� 1 -&$� 6'(+$� 3'$� (--$1� +../� .%� 3'$� " 2" #$� ./$1 3$2

(-� 3'$� :2$".-#�� 1 -&$�� �2� 2..-�  2� 3'$� (--$1� +../� 1$ "'$2�  

3$,/$1 341$� "+.2$� 3.� (32� 2$3/.(-3�� 3'$� .43$1� +../� (2�  "3(5 3$#

3.�  # /3� 3'$� 2$3/.(-3�  "".1#(-&+8� 3.� 1$#4"$� 3'$� #(%%$1$-"$

!$36$$-� 3'$� " /(++ 18�  (1� 3$,/$1 341$�  -#� 3'$� 42$1;

/1.&1 ,,$#� 5 +4$�

�'$� �$+3($1� $+$,$-3� (2� ,.4-3$#� .-�  � '$ 3� 2(-*� !4(+3� (-3.� 3'$

3./� 1$ 1�  1$ � .%� 3'$� (-2314,$-3�  !.5$� 3'$� 36.� " 1#� " &$2� .%

3'$� 24!4-(32�� �'$� 26(3"'$#;,.#$� "411$-3� 2.41"$� (2� .-�  -

$731 � /1(-3$#� "(1"4(3� !. 1#� -$73� 3.� 3'$� �$+3($1�� �'$� /.6$1

31 -2(23.12�  1$� ".--$"3$#� 3.� 3'$� 2 ,$� '$ 3� 2(-*�  2� 3'$�

�$+3($1�2� '.3� 2(#$�  -#� 3'$1$%.1$� " -� !$� "..+$#� $%%("($-3+8�

�'$� "411$-3� 2.41"$� (2� ".-31.++$#� !8� 36.� #(&(3 +� 2(&- +2�� �-$

2(&- +� ".-31.+2� 3'$� /.6$1� #(1$"3(.-�  -#� 3'$� .3'$1� #$%(-$2� 3'$

"411$-3� 3'1.4&'� 3'$� �$+3($1�

�'$� /4+2$� 6(#3'� ,.#4+ 3(.-� %.1� 3'$� "411$-3� 2.41"$� ' 2�  

%1$04$-"8� .%�  !.43� �	� *�9� 6(3'� 
�	;23$/� /4+2$� 6(#3'� 1$2.+4;

3(.-� 42(-&�  � "+."*� .%� ����� ��9�� �-� �;!(3� # 3 � 6.1#� (2� -$$#$#

%.1� 3'(2�� !43� (%� .-+8� �� !(32� 6$1$� 42$#�� 3'$� +(,(3$#� 1$2.+43(.-

6.4+#� 1$04(1$�  � % 23� 1$2/.-2$� 3.� *$$/� 3'$� 1$24+3(-&� %+4"34 ;

3(.-2� 2, ++�� �'$1$%.1$��  � �;!(3� %(-$;34-$� %$ 341$� %(123� 42$#� (-

3'$� ��� 
	�	� ����� 2823$,� (2� 42$#� %.1� �$+3($1� ".-31.+� 3.� *$$/

3'$� 3$,/$1 341$� 23 !+$� 6(3'(-� ±	�
°�� .1� !$33$1�� �'(2� &(5$2�  
".-31.++ !+$� #8- ,("� 1 -&$� .%�  !.43� 
				�
� 6(3'� 3'$� '(&'$23

1$2.+43(.-�  3� +.6� /.6$1� 5 +4$2�� �'$� ".-31.+� +../� " +"4+ 3$2�  



;!(3� ".-31.+� 2(&- +� $5$18� 3'1$$� 2$".-#2�� �'(2� " +"4+ 3(.-� (2

2.,$6' 3� ".,/+(" 3$#�� !43� (2� -.3� $7$"43$#� 5$18� .%3$-�� �'$

4//$1� �� !(32�  1$� %$#� 3.� 3'$� /4+2$� 6(#3'� ,.#4+ 3.1�� 6'(+$� 3'$

+.6$1� �� !(32�  1$� 42$#� 3.� ,.#4+ 3$� 3'$� /4+2$� 6(#3'� ,.#4+ 3.1

(-�  � 
���;,2� 3(,$� 2+("$� �2$$� �(&�� ���� �'$� !$-$%(3� (2�  � '(&'$1

! 2$� %1$04$-"8�� 6'("'� (2� %(+3$1$#� !$33$1� !8� 3'$� 3'$1, +� 3(,$

".-23 -3� .%� 3'$� 2823$,�� �'42�� 3'$� 1$04(1$#� 3$,/$1 341$� 23 ;

!(+(38� (2�  "'($5$#� 6(3'� (-$7/$-2(5$� #(&(3 +� ' 1#6 1$�� 2(,/+$

%(1,6 1$�  +&.1(3',2� $7$"43(-&�  3�  -� �	;�9� 1 3$��  -#� ".,/+$7

" +"4+ 3(.-2� $5$18� 3'1$$� 2$".-#2�
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$6� .<(9(5;,,� <:,9� :(-,;@�� ;/,� �!� ��� 05:;9<4,5;� 0473,4,5;:

(� 5<4),9� 6-� :(-,;@� -,(;<9,:�� $9(@� 96;(;065� 0:� :;677,+� (-;,9� (

4(?04<4� 6-� 
		� 4:� >/,5� ;/,� ;9(@� +669� 0:� 67,5,+�� �5@

46=,4,5;� ;/(;� >(:� 05� 796.9,::� 0:� -050:/,+� (-;,9� ;/,� +669� 0:

*36:,+� (.(05�� $/,� /0./D=63;(.,� 76>,9� :<773@� 0:� )96<./;� ;6

	&� (5+� :>0;*/,+� 6--� >/,5� ;/,� ;67� *6=,9� 0:� 67,5,+� 69� >/,5

(� 3,(2� 0:� +,;,*;,+�� $/,� *(::,;;,� -(5� 0:� :>0;*/,+� 6--� >/,5� ;/,

;67� *6=,9� 0:� 67,5,+� ;6� (=60+� -05.,9� 051<90,:�� !9,::<9,� 65� ;/,

=0(3:� 0:� 9,3,(:,+� 044,+0(;,3@� >/,5� ;/,� ;67� *6=,9� 0:� 67,5,+�

6;/,9>0:,�� ;/,� =0(3� *65;,5;:� >6<3+� ),� :79(@,+� 05:0+,� ;/,

+,;,*;69� *647(9;4,5;�� !9,::<9,� 0:� 9,46=,+� -964� ;/,� )<--,9

)6;;3,� 0-� (� 3,(2� 0:� +,;,*;,+�

��
��
����

'/,5� (� *65*,5;9(;065� +,7,5+,5;� +,;,*;69� :0.5(3� 0:� 05;,D

.9(;,+� 6=,9� ;04,� ;/,� 7,(2� (9,(� 0:� (� 4,(:<9,� 6-� ;/,� (46<5;

6-� :,7(9(;,+� :(473,� *6476<5+�� $/,� :(473,� (9,(� (5+� ;/,

(46<5;� (9,� 9,3(;,+� )@� ;/,� :7,,+� 6-� ;/,� ():69)05.� 7(9;0*3,:
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