
ADVANTAGE NOTE

Varian 385-LC and Varian 380-LC

Real-time Gas Control Overcomes Solvent Gradient Effects
Advantage Statement: T��� Varian 380-LC ���ri��� i� a ran���T��� Varian 380-LC ���ri��� i� a ran��� 
of advanc��d ��vaporativ�� li��t �catt��rin� d��t��ctor� from 
Polym��r Laboratori���, now a part of Varian, Inc. T��� Varian 
385-LC d��liv��r� �ub-ambi��nt ��vaporation down to  
10 °C, providin� maximum ���n�itivity for compound� wit� 
�i�nificant volatility b��low ambi��nt t��mp��ratur��. T��� 
Varian 380-LC i� t��� in�trum��nt of c�oic�� for non-volatil�� 
compound�, w���r�� t��mp��ratur��� of 100 °C or abov�� ar�� 
r��quir��d. Bot� in�trum��nt� b��n��fit from fa�t data output 
rat��� and ��xtr��m��ly low di�p��r�ion for fa�t LC, and d��liv��r 
a univ��r�al r���pon��� down to t��� low-nano�ram ran��� for 
truly r��pr�����ntativ�� analy�i�. R��producibility i� l���� t�an 
2 % for improv��d con�i�t��ncy of r���ult�. R��al tim�� �a� 
mana���m��nt ��liminat��� �olv��nt ��ff��ct� to �iv�� a con�tant 
r���pon��� acro�� a �radi��nt. Control and di�ital data 
coll��ction com�� a� �tandard for multi-v��ndor platform� 
and �o t���r�� i� no n����d for an analo� to di�ital conv��rtor. 
On-t���-fly adju�tm��nt of li��t �ourc�� int��n�ity �av��� tim�� 
durin� a run, too - all t�i� in t��� �mall���t footprint around. 
B��in� compl��m��ntary to LC/MS, and off��rin� unrivall��d 
fl��xibility and ���n�itivity, t��� Varian 380-LC ���ri��� ar�� t��� 
ELSD� of c�oic�� for t��� mo�t d��mandin� application�.

T��� r���pon��� of an ELS d��t��ctor i� d��p��nd��nt on t��� 
compo�ition (i�� vi�co�ity) of t��� c�romato�rap�ic ��lu��nt.  
T��� �olv��nt vi�co�ity �r��atly aff��ct� t��� numb��r and �iz�� 
of dropl��t� form��d durin� n��bulization. H��nc��, at a fix��d 
n��buliz��r �a� flow, low vi�cou� �olv��nt� (��� or�anic) 
produc�� �r��at��r numb��r� of dropl��t� t�an �olv��nt� of a 
�i����r vi�co�ity (��� wat��r). Con���qu��ntly, for r��v��r���d 
p�a��� �radi��nt ��lution, t��� ELSD r���pon��� will continually 
incr��a��� du�� to t��� continuou� d��cr��a��� in mobil�� p�a��� 
vi�co�ity t�at occur� a� t��� or�anic compo�ition incr��a����. 
T��� ��ff��ct of t�i� p���nom��non can b�� �i��li��t��d by 
inj��ctin� a compound of fix��d conc��ntration at int��rval� 
acro�� an aqu��ou�-or�anic �olv��nt �radi��nt (Fi�ur�� 1).

For a typical r��v��r���d p�a��� HPLC �radi��nt, t��� ELSD 
r���pon��� can c�an��� by a factor of t��n, from b���innin� to 
��nd, d��p��ndin� on t��� mobil�� p�a��� pro�ram. T�i� non-
uniform r���pon��� acro�� a �olv��nt �radi��nt �a� ���v��ral 
implication� for ELSD quantification:

1. Lar��� ��rror� ar�� ob���rv��d if t��� conc��ntration of 
a compound i� calculat��d �ol��ly on p��ak ar��a. T��� 
��n�anc��m��nt ��ff��ct of t��� mobil�� p�a��� �a� to b�� 
con�id��r��d.

2. A ��ift in a compound’� r��t��ntion tim�� m��an� a ��ift 
in mobil�� p�a��� compo�ition, w�ic� will l��ad to poor 
r��producibility.

Error� in quantification can b�� r��duc��d if t��� r���pon��� 
c�an��� acro�� t��� �radi��nt i� account��d for. On�� m��t�od i� 
to ���n��rat�� a 3-D calibration mod��l of ELSD r���pon��� wit� 
r���p��ct to compound conc��ntration and r��t��ntion tim�� (i�� 
��lu��nt compo�ition) acro�� a �radi��nt. T��� 3-D mod��l can 
�ub���qu��ntly b�� u���d to quantify unknown� by corr��ctin� 
for any r���pon��� ��n�anc��m��nt ba���d on t��� r��t��ntion 
tim��. Wit� t�i� m��t�od t��� l��v��l of quantification ��rror 
can b�� r��duc��d �i�nificantly1.
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Fi�ur�� 1. Typical ELSD r���pon��� c�an��� acro�� a �olv��nt �radi��nt.
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Ov��rcomin� Solv��nt Gradi��nt Eff��ct�

Anot���r approac� to controllin� ELSD r���pon��� c�an��� 
acro�� a �olv��nt �radi��nt i� to comp��n�at�� for t��� 
c�an�in� �olv��nt mixtur�� u�in� a ���cond HPLC pumpin� 
�y�t��m2. By combinin� t��� ��xact inv��r��� �olv��nt �radi��nt 
wit� t��� liquid flow aft��r t��� column (i�� ju�t b��for�� 
t��� ELSD inl��t) t��� mobil�� p�a��� compo�ition can b�� 
controll��d to a con�tant 50/50 mixtur��. T�i� ��n�ur��� 
t�at t��� ELSD only ��xp��ri��nc��� an i�ocratic mixtur�� of 
�olv��nt t�rou��out t��� analy�i� and �o t��� �i�nal ��ow� 
no ��n�anc��m��nt durin� t��� �radi��nt. T�i� approac� 
al�o r��duc��� ��rror� in quantification, but at t��� �am�� 
tim�� introduc��� ot���r �y�t��m ��rror� from t��� additional 
pumpin� �y�t��m, w�ic� n����d to b�� account��d for. W�il�� 
t�i� approac� ��liminat��� t��� n����d to ���n��rat�� a 3-D 
calibration, t��� inv���tm��nt co�t i� �i��. Bot� m��t�od� 
provid�� a m��an� of corr��ctin� for t��� ELSD �i�nal 
��n�anc��m��nt durin� �radi��nt ��lution, but an alt��rnativ�� 
option i� availabl�� wit� t��� Varian 380-LC ���ri���. 
 
Controlling Solvent Gradient Effects using 
Evaporator Gas Flow 
All ELS d��t��ctor� op��rat�� wit� a fix��d n��buliz��r �a� flow, 
w�ic� i� optimiz��d for t��� l��a�t volatil�� portion of t��� 
mobil�� p�a���. How��v��r, und��r �radi��nt c�romato�rap�y, 
u�in� a fix��d n��buliz��r �a� flow ���n��rat��� t��� r���pon��� 
c�an��� ��own in Fi�ur�� 1. T��� cau��� of t�i� r���pon��� 
curv�� i� du�� to t��� incr��a�in� numb��r of dropl��t� form��d 
durin� n��bulization, a� t��� ��lu��nt incr��a���� in or�anic 
compo�ition. T�i� incr��a��� in dropl��t numb��r in turn 
au�m��nt� t��� numb��r of analyt�� particl��� r��ac�in� t��� 
optical r���ion, r���ultin� in an incr��a��� in t��� amount of 
�catt��r��d li��t d��t��ct��d. If t��� numb��r of particl��� i� k��pt 
con�tant durin� �radi��nt ��lution, t��� ELSD r���pon��� will 
r��main uniform t�rou��out t��� run.

T��� Varian 380-LC ���ri��� addr������� t�i� non-uniformity 
of r���pon��� by u�in� t��� ��vaporator �a� flow to ��n�ur�� 
t�at t��� numb��r of particl��� r��ac�in� t��� optic� i� k��pt 
con�tant t�rou��out t��� �olv��nt �radi��nt. To ac�i��v�� t�i� 
control ov��r t��� particl�� �tr��am, t��� ��vaporator �a� i� 
controll��d in r��al-tim�� durin� t��� �radi��nt, u�in� an on-
board tim��tabl�� m��t�od.  T��� b��n��fit of t�i� on-board �a� 
control can b�� �����n by comparin� Fi�ur��� 2 and 3. Fi�ur�� 3 
di�play� t��� r���pon��� obtain��d w���n 5-fluorocyto�in�� (5-
FC) i� inj��ct��d ��v��ry minut�� acro�� a 10-minut�� �radi��nt 
of 5-95 % ACN, und��r fix��d ELSD �a� flow. Und��r a fix��d 
�a� flow ���ttin�, t��� 5-FC r���pon��� incr��a���� 7-fold acro�� 
t��� �radi��nt, w�il�� t��� UV �i�nal r��main� uniform a� 
��xp��ct��d.

In ord��r to control t��� incr��a�in� ELSD r���pon���, an on-
board tim��tabl�� m��t�od wa� cr��at��d u�in� Dim��n�ion 
�oftwar��, w���r�� t��� ��vaporator �a� flow wa� incr��a���d 
in a �imilar tr��nd to t��� % or�anic portion of t��� mobil�� 
p�a��� (Fi�ur�� 3). U�in� t�i� ELSD �a� tim��tabl�� pro�ram, 
t��� 5-FC r���pon��� wa� k��pt uniform acro�� t��� w�ol�� 
�radi��nt run, matc�in� t��� UV r���pon��� almo�t ��xactly, a� 
��own in Fi�ur�� 5. 
 
T��� ��vaporator �a� pro�ram indicat��d in Fi�ur�� 4 i� 
�p��cific to t��� HPLC �y�t��m and LC condition�. T���r��for��, 
followin� an initial calibration of t��� �y�t��m wit� a known 
compound, t��� ELSD �a� pro�ram can �ub���qu��ntly b�� 
u���d to quantify unknown �ampl��� und��r t��� �am�� LC 
condition�. T�i� r��al-tim�� �a� control f��atur�� of t��� Varian 
ELSD off��r� an alt��rnativ�� approac� to mobil�� p�a��� 
comp��n�ation w���n quantifyin� unknown� und��r �radi��nt 
��lution.
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Fi�ur�� 2. 5-FC r���pon��� acro�� �olv��nt �radi��nt u�in� UV and ELSD at 
fix��d �a� flow.

Fi�ur�� 3. Varian ELSD Evaporator Ga� Pro�ram, from Dim��n�ion �oftwar��, 
to provid�� t��� �radi��nt r���pon��� in Fi�ur�� 2 (�olv��nt pro�ram ov��rlaid for 
compari�on).
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Fi�ur�� 4. 5-FC �radi��nt r���pon��� u�in� t��� ELSD �a� pro�ram from Fi�ur�� 
3.

Conclusions
In t��� pa�t, quantification and purity m��a�ur��m��nt� 
u�in� ��vaporativ�� li��t �catt��rin� d��t��ction ��ow��d 
poor accuracy du�� to compound volatility and r���pon��� 
variation acro�� a �olv��nt �radi��nt. T��� Varian 380-LC 
���ri��� of ��vaporativ�� li��t �catt��rin� d��t��ctor� can b�� 
pro�ramm��d to c�an��� param��t��r� durin� an inj��ction in 
ord��r to control d��t��ctor r���pon���. T�u�, r��al-tim�� control 
of t��� ��vaporation �a� can b�� u���d to k����p t��� ELSD 
r���pon��� uniform durin� a �olv��nt �radi��nt.
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