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Change the following as follows: 1 

2.02  Gas Chromatography 2 

Gas Chromatography is a method to develop a mixture 3 

injected into a column prepared with a suitable stationary 4 

phase by passing a gas (carrier gas) as a mobile phase 5 

through the column, in order to separate the mixture into its 6 

components by making use of the difference of retention 7 

capacity against the stationary phase, and to determine the 8 

components. This method can be applied to a gaseous or 9 

vaporizable sample, and is used for identification, purity test, 10 

and quantitative determination. 11 

 12 

1.  Apparatus 13 

Basically, the apparatus required for the gas chromato-14 

graphic procedure consists of a carrier gas-introducing port 15 

and flow regulator, a sample injection port, a column, a 16 

column oven, a detector and a recorder. Gas introducing 17 

port and flow regulator for a combustion gas, a burning 18 

supporting gas and an accessory gas and sample injection 19 

port for headspace are also used, if necessary. The carrier 20 

gas-introducing port and flow regulator serves to deliver the 21 

carrier gas into the column at a constant flow rate, and usu-22 

ally consist of a pressure regulation valve, a flow rate regu-23 

lation valve and a pressure gauge. The sample injection port 24 

is used to deliver a quantity of the sample to the flow line of 25 

carrier gas with high reproducibility. There are sample in-26 

jection ports for packed column and for capillary column. 27 

There are both divided injection mode and non-divided in-28 

jection mode to sample injection port for capillary column. 29 

The columns are usually classified as packed column or 30 

capillary column. The packed column is a tube made of 31 

inert metal, glass or synthetic resin, in which a packing ma-32 

terial for gas chromatography is uniformly packed. The 33 

packed column with not more than 1 mm in inside diameter 34 

is also called a packed capillary column (micro packed 35 

column). A capillary column is a tube made of inert metal, 36 

glass, quartz or synthetic resin, whose inside wall is bound 37 

chemically with stationary phase for gas chromatography. 38 

The column oven has the setting capacity for a column with 39 

required length and the temperature regulation system for 40 

keeping the constant column temperature. The detector is 41 

used to detect a component separated on the column, and 42 

may be an alkaline thermal ionization detector, a flame 43 

photometry detector, mass spectrophotometer, hydrogen 44 

flame-ionization detector, an electron capture detector, a 45 

thermal conductivity detector, etc. The recorder is used to 46 

record the output signals of the detector. 47 

2.  Procedure 48 

Unless otherwise specified, proceed by the following 49 

method. Fix the detector, column and carrier gas to the ap-50 

paratus, and adjust the flow rate and the column temperature 51 

to the values described in the operating conditions specified 52 

in the individual monograph. Inject a volume of the sample 53 

solution or the standard solution specified in the individual 54 

monograph with the sample injector into the column system 55 

through the sample injection port. The separated compo-56 

nents are detected by the detector, and recorded by the re-57 

corder as a chromatogram. 58 

3.  Identification and purity test 59 

Identification of a component of a sample is performed 60 

by confirming identity of the retention time of the compo-61 

nent and that of an authentic specimen, or by confirming 62 

that the peak shape of the component is unchanged after 63 

mixing the sample with an authentic specimen. 64 

In general, the purity of the sample is determined by 65 

comparing the peak area of target impurity from the sample 66 

solution with that of the main component from a standard 67 

solution, which is prepared by diluting the sample solution 68 

to a concentration corresponding to the specified limit of the 69 

impurity, or by calculating target impurity content using the 70 

peak area percentage method. Unless otherwise specified, if 71 

a sample is separated into isomers in the chromatogram, the 72 

isomer ratio is calculated by using the peak area percentage 73 

method. 74 

The peak area percentage method is a method to calculate 75 

the proportion of the components from the ratio of the peak 76 

area of each component to the sum of the peak areas of 77 

every peak recorded in the chromatogram. In order to obtain 78 

accurate results in evaluating the proportion of the compo-79 

nents, it is necessary to correct the area of each component 80 

based on its response factor to the principal component. 81 

4.  Assay 82 

In general, perform the assay by using the internal stand-83 

ard method. The absolute calibration curve method is used 84 

when a suitable internal standard is not available. Perform 85 

the assay by using the standard addition method when the 86 

effect of the component other than the compound to be as-87 

sayed on the quantitative determination is not negligible 88 

against a result of the determination. 89 

4.1  Internal standard method 90 

In the internal standard method, choose a stable com-91 

pound as an internal standard which shows a retention time 92 

close to that of the compound to be assayed, and whose 93 

peak is well separated from all other peaks in the chromato-94 

gram. Prepare several kinds of standard solutions containing 95 

a fixed amount of the internal standard and several graded 96 

amounts of the authentic specimen specified in the individ-97 

ual monograph. Based on the chromatogram obtained by 98 

injection of a fixed volume of individual standard solutions, 99 
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calculate the ratio of peak area or peak height of the authen-100 

tic specimen to that of the internal standard, and prepare a 101 

calibration curve by plotting these ratios on the ordinate 102 

against the amount of the authentic specimen or the ratio of 103 

the amount of the authentic specimen to that of the internal 104 

standard on the abscissa. The calibration curve is usually 105 

obtained as a straight line passing through the origin. Then, 106 

prepare a sample solution containing the internal standard in 107 

the same amount as in the standard solutions used for the 108 

preparation of the calibration curve according to the method 109 

specified in the individual monograph, perform the gas 110 

chromatography under the same operating conditions as for 111 

the preparation of the calibration curve, calculate the ratio 112 

of the peak area or peak height of the objective compound 113 

to that of the internal standard, and read the amount of the 114 

compound from the calibration curve. 115 

In an individual monograph, generally one of the stand-116 

ard solutions with a concentration within the linear range of 117 

the calibration curve and a sample solution with a concen-118 

tration close to that of the standard solution are prepared, 119 

and the chromatography is performed with these solutions 120 

under fixed conditions to determine the amount of the ob-121 

jective compound. 122 

4.2  Absolute calibration curve method 123 

Prepare standard solutions with several graded amounts 124 

of the authentic specimen, and inject accurately a fixed 125 

volume of these standard solutions. With the chromatogram 126 

obtained, prepare a calibration curve by plotting the peak 127 

areas or peak heights on the ordinate against the amount of 128 

the authentic specimen on the abscissa. The calibration 129 

curve is generally obtained as a straight line passing through 130 

the origin. Then, prepare a sample solution according to the 131 

method specified in the individual monograph, perform the 132 

gas chromatography under the same conditions as for the 133 

preparation of the calibration curve, measure the peak area 134 

or peak height of the objective compound, and read the 135 

amount of the compound from the calibration curve. 136 

In an individual monograph, generally one of the stand-137 

ard solutions with a concentration within the linear range of 138 

the calibration curve and a sample solution with a concen-139 

tration close to that of the standard solution are prepared, 140 

and the chromatography is performed with these solutions 141 

under a fixed condition to obtain the amount of the compo-142 

nent. In this method, all procedures, such as the injection 143 

procedure, must be carried out under a strictly constant con-144 

dition. 145 

4.3  Standard addition method 146 

Pipet a fixed volume of more than 4 sample solutions, 147 

add exactly the standard solution so that stepwise increasing 148 

amounts of the object compound are contained in the solu-149 

tions except 1 sample solution, diluted exactly each solution 150 

with and without standard solution to a definite volume, and 151 

use each solution as the sample solution. Based on the 152 

chromatogram obtained by exact injection of a fixed volume 153 

of individual sample solutions, measure the peak area or 154 

peak height of individual sample solutions. Calculate the 155 

concentration of standard objective compound added into 156 

each sample solution, plot the amounts (concentration) of 157 

added standard object compound on the abscissa and the 158 

peak area or peak height on the ordinate on the graph, ex-159 

tend the calibration curve obtained by linking the plots, and 160 

determine the amount of object compound to be assayed 161 

from the distance between the origin and the intersecting 162 

point of the calibration curve with the abscissa. This method 163 

is available only in the case that the calibration curve is a 164 

straight line, and passes through the origin when the abso-165 

lute calibration curve method is employed. In this method, 166 

all procedures must be carried out under a strictly constant 167 

condition. 168 

5.  Method for peak measuring 169 

Generally, the following methods are used. 170 

5.1  Peak height measuring method 171 

(i)  Peak height method: Measure the distance between 172 

the maximum of the peak and the intersecting point of a 173 

perpendicular line from the maximum of the peak to the 174 

horizontal axis of recording paper with a tangent linking the 175 

baselines on either side of the peak. 176 

(ii)  Automatic peak height method: Measure the signals 177 

from the detector as the peak height using a data processing 178 

system. 179 

5.2  Peak area measuring method 180 

(i)  Width at half-height method: Multiply the peak 181 

width at the half-height by the peak height. 182 

(ii)  Automatic integration method: Measure the signals 183 

from the detector as the peak area using a data processing 184 

system. 185 

6.  System suitability 186 

Refer to ‘‘System suitability’’ described under 2.01 Liq-187 

uid Chromatography. 188 

7.  Point to consider in changing the operating condi-189 

tions 190 

Among the operating conditions specified in the individ-191 

ual monograph, concentration of stationary phase, and kind 192 

of carrier gas may be partially modified after the analytical 193 

performance is appropriately verified. Headspace sample 194 

injection device and its operating conditions may be also 195 

modified, provided that they give equivalent or more accu-196 

racy and precision. The other changes of operating condi-197 

tions should be in accordance with the contents of the ad-198 

justment of the chromatographic conditions described in 199 

Chromatography <2.00>. 200 

8.  Note 201 
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Avoid the use of authentic specimens, internal standards, 202 

reagents or solvents containing substances that may inter-203 

fere with the determination. 204 


