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Gas Chromatography Problem Solving and Troubleshooting 

Question: 

At an init ial temperature of 70°C for m y temperature 
program, the ear l ier-e lut ing peaks in m y ch romatogram 
are poor ly fo rmed. A t an init ial temperature of 50°C , the 
peak shapes are f ine (Figure 1). W h a t is the prob lem? 

Answer: 

The pr imary reason for the poor peak shape at an init ial 
temperature of 70°C is a v io la t ion of the solvent effect rule 
for split less in ject ions. Spl i t less injectors are very 
ineff icient at transferring the vapo r i zed samp le into the 
c o l u m n . It is a s l ow process; therefore, the samp le 
becomes spread over a w i d e region at the front of the 
c o l u m n . This leads to b road or misshapen peaks. The 
solvent effect is used to focus the samp le into a tight band 
at the front of the c o l u m n . This results in proper ly fo rmed 
peaks of accep tab le w id th and shape. The solvent effect 
occurs w h e n the init ial oven temperature is a round 10°C 
or b e l o w the bo i l i ng po in t of the samp le solvent . After the 
samp le solvent vapor i zes in the injector, it is t ransported 
into the c o l u m n by the carr ier gas. U p o n enter ing the 
c o l u m n , the solvent condenses and forms a th ick f i lm , 
coat ing the wa l l s of the cap i l la ry tub ing . The samp le 
analytes f o l l ow the solvent into the c o l u m n and are 
t rapped in the so lvent f i lm . U p o n subsequent heat ing of 
the c o l u m n (oven), the solvent vapor izes and leaves the 
analytes in a tight b a n d at the front of the c o l u m n . This 
results in narrow, symmet r i ca l peaks. The samp le solvent 
for the chromatograms in Figure 1 is n-hexane, w h i c h has 
a bo i l i ng point of 69 °C . A t an init ial oven temperature of 
70°C, the solvent effect does not occur , and the samp le is 
not proper ly focused . Th is causes the poor shape of the 
first peak. A t 50°C, the solvent effect occu rs , a l l o w i n g the 
good shape for the first peak. S ince the solvent effect is 
necessary for spli t less in ject ions, the general rule is to use 
an init ial oven temperature 10–30°C b e l o w the bo i l i ng 
point of the sample solvent . 

The last three peaks in the 70°C init ial temperature ch romatogram (Figure 1 A) are nar row and symmet r i c , even though 
there is a solvent effect v io la t ion . W h y does this happen? The solvent effect can be v io la ted for one set of cond i t i ons . If the 
bo i l i ng point of an analyte is about 150°C or greater than the init ial c o l u m n temperature, the so lvent effect is not n e e d e d . 
The analyte focuses at the front of the c o l u m n w i thou t the presence of a solvent f i lm . The bo i l i ng po in t of n -dodecane 
(peak 2) is 216°C. This is 146°C higher than the init ial c o l u m n temperature. C o l d t rapping is o c c u r i n g ; however , it does 
not fu l ly focus the peak. No te that the peak w id th is sl ight ly th inner for the 50°C ch romatog ram (Figure 1B), in w h i c h the 
solvent effect occu r red . For this c o m p o u n d , some solvent effect is stil l requi red to obta in ful l focus ing of the samp le b a n d . 
The last two c o m p o u n d s have bo i l i ng points of 253°C and 287°C. These two c o m p o u n d s are fu l ly focused at 70°C 
because their bo i l i ng points are m u c h greater than 150°C above the init ial c o l u m n temperature. 

Figure 1. Conditions: column, DB-1 (15 m × 0.25-mm i.d., 0.25-μm 
film); injector, splitless (250°C, 0.5-min purge activation time); detector, 
FID (300°C); carrier gas, helium (30 cm/s); oven, (A) 70°C for 1 min, 
70–210°C at 20°C/min (B) 50°C for 1 min, 50–210°C at 20°C/min. 
Peaks: 1 n-decane; 2, n-dodecane; 3, n-tetradecane; 4, n-hexadecane. 
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S ince co lumn- tempera tu re -dependen t focus ing is requi red for spli t less in ject ions, there are several 
si tuat ions to avo id if poss ib le . M i x e d sample solvents can be a p rob lem, espec ia l l y if their bo i l i ng 
points or polar i t ies are qui te different. M i x e d polar i ty solvents can cause peak shape prob lems, 
espec ia l l y if some of the analytes are substant ia l ly more so lub le in one solvent than in the other. 
W h e n us ing m i x e d bo i l i ng po in t samp le solvents, the ini t ial c o l u m n temperature has to be 10–30°C 
b e l o w the lowest bo i l i ng solvent . If the higher bo i l i ng solvent is more than 1 0 – 2 0 % of the total 
solvent , any peaks that elute be tween the solvent peaks may exh ib i t poor shapes. Final ly , any peaks 
that elute before the solvent front are often very broad and rounded . This requires that the solvent 
peak elute before any analyte peak of interest. Spli t less in ject ions require spec i f ic temperature 
cond i t i ons to obta in good results. If these cond i t ions are not met, poor peak shapes are often 
ob ta ined . 

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 ie lds ( G C , G C - M S , H P L C , T L C , S F C , H P T L C , open c o l u m n , etc.). If y o u have 
quest ions or p rob lems that you w o u l d l ike answered , p lease forward these to the Journal edi tor ia l of f ice w i th al l pert inent 
de ta i l s : ins t rument opera t ing c o n d i t i o n s , temperatures, pressures, c o l u m n s , suppor t mater ia ls , l i qu id phases, carr ier gas, 
m o b i l e phases, detectors, examp le chromatograms, etc. In add i t ion , if y o u w o u l d l ike to share your expert ise or exper ience in 
the fo rm of a par t i cu la r ques t ion a c c o m p a n i e d by the answer , p lease fo rward to JCS Assoc ia te Editor, Chromatography 
Problem Solving and Troubleshooting, P .O . B o x 4 8 3 1 2 , N i l e s , IL 6 0 7 1 4 . A l l ques t ions /answers are r e v i e w e d to ensure 
comp le teness . The Journal reserves the right not to pub l ish submit ted quest ions/answers. 

D e a n R o o d 
Assoc ia te Editor 
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