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Gas Chromatography Problem Solving and Troubleshooting 

Question: 

C o l u m n act iv i ty or con tamina t ion is the usual cause of m y ta i l ing pheno l peaks. H o w can I de te rmine w h i c h one is the 
cause of the ta i l ing peaks? 

Answer: 

C o l u m n act iv i ty is p r imar i l y due to the presence of s i lanol (S i -OH) groups in a cap i l la ry c o l u m n . The inner surface of 
the c o l u m n tub ing is the p r imary locat ion for the si lanol groups. For packed co lumns , the stat ionary phase support is the 
pr imary source of act iv i ty. C o l u m n con tamina t i on is usual ly caused by the accumu la t i on of so l id debr is or h igh mo lecu la r 
we igh t c o m p o u n d s in the c o l u m n . Select c o m p o u n d s can interact w i t h the support , s i lanols, or con taminants , w h i c h 
results in peak ta i l ing . C o m p o u n d s con ta in ing hydroxy ( - O H ) or am ine ( - N H ) groups are the most suscept ib le to this type 
of in teract ion; a f ew aldehydes may also exh ib i t peak ta i l ing due to c o l u m n act iv i ty or con tam ina t i on . Phenols are very 
act ive and often exh ib i t peak ta i l ing due to c o l u m n act iv i ty or con tam ina t i on . 

There are a series of s imple tests that can be used to ind icate whether act iv i ty or con tam ina t i on is a possible source of 
peak ta i l ing . Unfor tunate ly , most of these tests are not conc lus ive and can on l y be used to con f i rm act iv i ty or 
con tamina t ion as a possibi l i ty. C o l u m n test mixes can be used to measure c o l u m n act iv i ty (1); they can be purchased f r o m 
the c o l u m n manufacturer or made in the lab. Peak ta i l ing for some or al l of the a lcohols , acids, or amines in the test 
mix ture is an indicator of c o l u m n act iv i ty. However , c o l u m n con tamina t ion often causes peak ta i l i ng of the act ive 
compounds also. Peak ta i l ing for inact ive c o m p o u n d s is ind icat ive of p rob lems w i t h the injector, leaks, gas f l o w rates, or 
c o l u m n insta l la t ion; part icles in the c o l u m n may also cause peak ta i l ing for inact ive c o m p o u n d s . 

C o l u m n act ivi ty, if present, usual ly affects the ent i re c o l u m n (because every part of the c o l u m n conta ins s i lanol groups), 
but c o l u m n con tamina t ion is usual ly loca l ized at the f ront of the c o l u m n . T r imming or cu t t ing 0 . 2 5 - 1 . 0 m f r om the f ront o f 
a cap i l la ry c o l u m n often removes the most con tamina ted por t ion . After t r i m m i n g and reinstal l ing the c o l u m n , the amoun t 
of peak ta i l ing should decrease or disappear if con tamina t ion was the source of the p rob lem. If the a m o u n t of peak ta i l ing 
remains about the same, either c o l u m n act iv i ty or severe con tamina t ion is responsible for the ta i l i ng . Cut t ing the f ront of a 
capi l la ry c o l u m n is analagous to repack ing the f ront part (d iscolored port ion) of a packed c o l u m n . 

W h e n a temperature program is be ing used, the f ront por t ion of the c o l u m n has the greatest in f luence on peak 
resolut ion and shape. Since c o l u m n con tamina t ion is more severe in the f ront por t ion of the c o l u m n , it has a large impact 
on the qua l i ty of the peaks. Instead of cu t t ing off some of the f ront of the c o l u m n , reversing the d i rec t ion o f the c o l u m n 
( injector end into the detector and detector end into the injector) has the same overal l effect. Then the most con tamina ted 
por t ion is at the back of the c o l u m n w h e r e it has the least amoun t of in f luence on peak shapes. The c o l u m n is stil l 
con tamina ted , but the con tamina t ion has l i t t le impact on the peaks. If the peak ta i l ing is removed or reduced , 
con tamina t ion was the most l ike ly cause. If the peak ta i l ing is about the same, c o l u m n act iv i ty is the most l ike ly cause, but 
a severely con tamina ted c o l u m n w i l l generate the same results. There are several advantages to reversing a cap i l la ry 
c o l u m n rather than t r i m m i n g the f ront . The same amoun t of peak ta i l ing in bo th c o l u m n d i rect ions is a stronger ind icator 
of c o l u m n act iv i ty than the same result after t r i m m i n g the c o l u m n . A lso, the c o l u m n reversal test is nondest ruct ive 
because a length of c o l u m n is not removed . Disadvantages inc lude the necessity for a comp le te c o l u m n reinstal lat ion and 
cond i t i on ing procedure, the m o v i n g of any semivolat i le contaminants closer to the detector and potent ia l l y f ou l i ng the 
detector, and the fact that the test on l y works under temperature program cond i t ions . 

The purpose of Chromatography Problem Solving and Troubleshooting is to have selected experts answer ch romatograph ic 
quest ions in any of the var ious separat ion f ields (GC, G C - M S , HPLC, TLC, SFC, HPTLC, open c o l u m n , etc.). If you have 
quest ions or prob lems that you w o u l d l ike answered, please fo rward these to the Journal ed i tor ia l of f ice w i t h all per t inent 
deta i ls : ins t rument opera t ing cond i t i ons , temperatures, pressures, c o l u m n s , suppor t mater ia ls , l i q u i d phases, carr ier gas, 
mob i l e phases, detectors, examp le chromatograms, etc. In add i t i on , if you w o u l d l ike to share your expert ise or exper ience in 
the f o r m of a par t icu lar ques t ion a c c o m p a n i e d by the answer, please f o r w a r d to JCS Assoc ia te Editor, Chromatography 
Problem Solving and Troubleshooting, P.O. Box 4 8 3 1 2 , N i les , IL 6 0 7 1 4 . A l l quest ions /answers are r ev i ewed to ensure 
completeness. The Journal reserves the r ight not to pub l ish submi t ted quest ions/answers. 

Dean Rood 
Associate Editor 
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If c o l u m n con tamina t i on is ind icated or suspected, solvent-r ins ing a cap i l la ry c o l u m n is the usual procedure to remove 
the con taminan ts (2). O n l y bonded and cross- l inked cap i l la ry co lumns shou ld be solvent-r insed. Consul t the c o l u m n 
manufac turer or a re l iable source if there is any quest ion about r insing a part icular cap i l la ry c o l u m n . If the peak ta i l i ng is 
e l im ina ted w i t h a c o l u m n rinse, con tamina t i on w i l l have been the source of the p rob lem. If the peak ta i l ing is about the 
same, c o l u m n act iv i ty or con tamina t i on w i t h very h igh mo lecu la r c o m p o u n d s (or any c o m p o u n d s not so lub le in the rinse 
solvents) w i l l have been the source of the p rob lem. For con tamina ted packed co lumns , repack ing the f ront por t ion of the 
c o l u m n or bak ing ou t the c o l u m n is the usual procedure. Baking ou t involves leaving the c o l u m n at or near its upper 
temperature l im i t for 8 h or more (sometimes days). This is not r ecommended for cap i l la ry co lumns . O n l y a 1-2-h 
bakeout shou ld be a t tempted. Longer t imes on l y reduce c o l u m n life or i rreversibly con tamina te a cap i l la ry c o l u m n . 

D e p e n d i n g o n the c o m p o u n d s , some contaminants are not removed by a solvent rinse procedure. In such cases, part of 
the c o l u m n may be salvageable. Cut the c o l u m n somewhere near the m i d d l e and test the or ig ina l back por t ion of the 
c o l u m n . Even if a solvent rinse had not been comp le te ly successful, the f ront part of the c o l u m n w o u l d p robab ly sti l l be 
the most con tamina ted por t i on . The back half o f the c o l u m n is usual ly m u c h cleaner than the f ront half and often exhib i ts 
satisfactory per fo rmance. A l t hough the back half is substant ial ly shorter than the or ig ina l c o l u m n , it may stil l p rov ide 
adequate reso lu t ion . A lso, it may make a good backup c o l u m n or one sui table for another analysis. 

It is of ten d i f f i cu l t to absolute ly de termine whether peak ta i l ing of act ive c o m p o u n d s is caused by c o l u m n act iv i ty or 
c o n t a m i n a t i o n . The var ious tests can help to indicate w h i c h p rob lem is most l ikely, but it is easy to be mis led. 
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