The usual amount of the liquid sample takes for analysis was about 1/50 cc. this was introduced with a small hypoderule syringe.
A specimen chromatogram obtained with liquid product in the decomposition of pure ethyl alcohol, is given in Fig.5.

Calibration of vapor fractometer:

For the identification of different peaks in a chromatogram, retention times for the different compounds were found by introducing pure substance in the vapor fractometer under the standard conditions described. The column efficiency however allows decreases with the number of analyses carried out. While the present investigation was in progress, newly 250 analyses were carried out on column F. Therefore the retention times observed in the later period of the investigation are slightly shorter than those found in the beginning. The values given in Table 1 are for ‘apparent’ retention time which excludes the initial gas hold up of the column. For a better comparison the values are multiplied with the chart speed (0.4 inch per min.) thus giving directly the distance after which a particular peak appears on the chart. 
Table – 1

Calibration of the vapor fractometer for liquids:
Column 4 meters, Temperature – 60 °C

Carrier gas H2, 112cc. per min, Inlet pressure 15 p.s.i.g.

Chart speed 0.4” per min, Sensitivity 64

	Component
	Retention time in

minute x chart speed
	Area for 0.02 cc sample
	Calibration factor
Alcohol peak area
= --------------------------

Component peak

area for the same weight

	
	In the beginning
	After about 250 analyses
	
	

	Diethyl ether
	0.65”
	0.6”
	2.400 in2
	1.40

	Acetaldehyde
	0.75”
	0.7”
	3.075 in2
	1.20

	Acetone
	1.9”
	1.75”
	3.127 in2
	1.19

	Ethyl alcohol
	3.55”
	3.3”
	3.687 in2
	1.0

	Ethyl acetate
	3.75”
	3.5”
	3.393 in2
	1.25

	Water
	5.0”
	4.65”
	6.70 in2
	0.71

	Me-nPr.ketone
	8.5”
	8.0”
	-
	-

	Crotonaldehyde
	9.0”
	-
	-

	Chloroform
	
	7.6”
	4.185 in2
	1.69

	Acetic acid
	80” (200 min.)
	-
	-


[image: image1.jpg]&

Micro dipper sample injection arrangement

v

Microdipper attachr'nent

< Valve closed

. ¢
\ 0 ring gesl

Valve !
Injection open 4
vapor
fractometer “——— High pressure

: valve

\ / Carrier Miclrodipper

Position

: : A
\ Capillary





The retention times of ethyl alcohol and ethyl acetate (3.55” and 3.75” respectively) are very close, and in practice the two peaks overlap completely. In the case of diethyl ether and acetaldehyde however, though the difference in retention times is nearly 0.1”, there is sufficient resolution due to the extremely sharp peaks. Acetic acid is very strongly retained by the column, as is indicated by its retention time (about 200 minutes) and even when it is eluted; its peak is extremely flat, spread over about 10 to 15 inches of the chart, thus making it completely unsuitable for any quantitative estimation. Acetic acid could be eluted within reasonable time at temperature above 100 °C but only with considerable overlapping of the earlier peaks. The free acid in the liquid product was therefore determined by titration with potassium hydroxide in the presence of ice, to prevent any hydrolysis of the ester present.

For quantitative analysis, the relative responses given by different compounds must be known. This was done by introducing exactly reproducible quantities of the different substances into the Vapor Fractometer. Since with ordinary syringe very small quantities cannot be exactly introduced, the ‘micro dipper’ arrangement was used. This consists of a capillary dipper (as shown in Fig. 6) of accurately known volume, and the sample introduction attachment which can be connected to the sample injection block of the Vapor Fractometer. The attachment is a steel tube with a three way valve V and a high pressure valve P connected to it. With valve V open the micro dipper can be pushed through the attachment right to the sample injection block. Before fixing the instrument to the Vapor Fractometer, the rubber septum closing the opening of the injection block is replaced with a simple rubber ring. The carrier gas supply is connected to the attachment with a by pass. The pressure at the carrier gas supply regulator is adjusted to at least 5 pounds above that at which the instrument is operated (i.e. the pressure indicated by the dial on the vapor fractometer). For the purpose of introducing the sample with capillary dipper, the carrier gas flow through the attachment is to be adjusted to about 1 to 1/3 of the total flow, (as indicated by the flow meter when no gas passes through the micro dipper assembly) through the instrument. This is done by (i) first introducing an empty dipper in to the attachment up to the position A, (ii) opening the three way valve V, (iii) adjusting the high pressure valve P so that the flow meter reading shows 2/3 1 of the original flow, and finally (iv) closing the three way valve and taking out the dipper. The ‘o’ ring seal at the end of the attachment fits the capillary dipper perfectly, avoiding any carrier gas leak to outside when valve V is open.
The liquid sample is now drawn in to the capillary dipper by capillary action. The dipper is inserted in to the attachment up to position A and valve V is opened. The dipper is then pushed right up to the injection block, so that the liquid is forced in the instrument by the by passed stream of carrier gas at a slightly higher pressure than that in the instrument. At this stage the pressures in the instrument increases appreciably and the flow falls down considerably. When the pressure returns to normal and the flow is 2/3 to 1 of the original (i.e. as adjusted previously) the sample induction is complete. In actual practice, this takes places in a few seconds only, so that the sample introduction is instantaneous. The dipper is then withdrawn up to position A and the valve V is closed, when the flow in the instrument returns to normal. 

The size of the capillary dipper used in the present case was 0.02 cc. the peak areas for this volume, for all the pure compounds, at the same sensitivity were found. From this the peak areas for the alcohol peak as standard, the multiplying factors were calculated for all the compounds, to make the respective peak areas equal to the peak area of alcohol. These calibration factors are given in Table 1. To find out the weight percentages of different components in a mixture, it is only necessary to calculate the different peak areas, multiply then with the respective calibration factors and add up. The total area thus obtained is equivalent to 100 percent. It is not necessary to know the exact size of the sample introduced in this case.
A special precaution was taken while carrying out the calibration for quantitative analysis. All the chromatogram of pure substances introduced with micro dipper was obtained on the same day, since the absolute response, i.e. the area for a particular amount decreasing voltages of the detector and recorder batteries. The relative response as given by the calibration factor, however, depends only on the temperature and the nature of the carrier gas, so that once determined, the calibration factors can be used for all the times provided the conditions of the carrier gas and temperature are the same. The accuracy of the calibration factors was checked with the preliminary analyses of some standard mixtures.
Estimation of free acid and ester:

As already stated free acid in the liquid products was determined by titration with very dilute alkali (N/25) in the presence of ice. The total amount of free acid and ester was then estimated by refluxing say 1 gm. of the liquid product with excess of alkali (N/5) for one hour and titrating back with standard oxalic acid solution. The blank experiment for the standardization of alkali was done under similar conditions. The amount of ester was obtained from the difference between the total amount of ester and acid, and the amount of free acid. The ester and the acid were calculated as weight percentages in the liquid product, on the basis of ethyl acetate and acetic acid respectively. Usually the amount of free acid was very small (less than 0.5%) except in a few experiments and only in the latter case the accurate estimation of free acid was done separately.

In addition to the products mentioned above, very small quantities of dissolved gases (hydrocarbons) were always present in the liquid product. These are represented by the tiny peaks in the chromatogram (Fig. 5), appearing within very short time after sample injection. While calculating the total area of all the peaks, approximate area of all these small peaks was taken into account, without applying any calibration factors 
Occasionally liquid product chromatograms showed the presence of small amounts of two unknown components. The peaks corresponding to these components overlapped with the acetaldehyde and water peaks (Fig. 7). Attempts to identify these peaks were unsuccessful. Nevertheless areas of these peaks were taken into account, without applying any calibration factor, for the calculation of weight percentages. The extent of the unknown components whenever present was less than 3% (calculated roughly as stated above). Any error due to the unknown calibration factors is therefore small.
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The fractionation of the liquid product in some preliminary experiments showed that the extent of high boiling viscous material (which could not be eluted easily from the chromatographic column) was negligible. The liquid product could therefore directly inject into the vapor fractometer without any fractionation. Whenever the free acid content was appreciable, is could of course be removed from the column by increasing the temperature after all the other peaks in the chromatogram had appeared.
Analysis of gaseous product:

Gaseous products were analyzed by a combination of Onset analysis, and gas chromatography. Carbon dioxide, carbon monoxide and unsaturates were determined by absorption in potassium hydroxide solution, cuprous ammonium chloride solution and bromine water respectively. The gas samples occasionally contained traced of oxygen as found by absorption in alkaline pyrogallol. This was probably due to the presence of small amount of air, and in such case a proper correction was applied.

Gas chromatography was used mainly to estimate the extent of ethane present, and to find out whether higher hydrocarbons were present. With Perkin-Elmer column D, helium as carrier gas at 10 p.s.i.g. inlet pressure (flow 38 cc. per min.), at room temperature, ethylene, ethane and higher hydrocarbon could be resolved but hydrogen, carbon monoxide and methane gave a single peak whereas carbon dioxide overlapped ethylene peak. The retention times for all the above gases are given in Table 2. For calibration pure grade hydrocarbon and standard mixtures supplied by Phillips Petroleum Company were used.
Table – 2

Calibration of the vapor fractometer for gases:
Column D 2 meter, Temperature – 25 °C

Carrier gas Helium 38 cc. per min, Inlet pressure 10 p.s.i.g.

Chart speed 0.4” per min.

	Gas
	Retention time in minutes x chart speed
	Gas
	Retention time in minutes x chart speed

	Hydrogen
	0.4”
	Propane
	0.8”

	Carbon monoxide
	0.4”
	1- Butane
	1.6”

	Nitrogen
	0.4”
	1- Butene
	1.9”

	Oxygen
	0.4”
	n- Butane
	2.1”

	Methane
	0.4”
	Butene 2 Trans
	2.2”

	Ethylene
	0.45”
	Butene 2 Cis
	2.3”

	Ethane
	0.5”
	Butadiene
	2.8”

	Propylene
	0.75”
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Specimen chromatograms of the gaseous product obtained in the decomposition of alcohol are given in Fig. 8. The resolution between ethane and ethylene was not sufficient to calculate the peak areas. But since the peaks are very sharp, peak heights could be considered as a measure of concentration without any serious error. Traces of C3 and C4 hydrocarbons were occasionally present. The first peak representing hydrogen and traces of carbon monoxide was always small though the extent of hydrogen present was about 50 percent. This is due to the very small different in the thermal conductivities of hydrogen and helium (carrier gas). It was, therefore, not possible to calculate the percentage of all the components from the chromatogram itself, because of the very large calibration factor for the hydrogen peak and the consequent errors it might introduce in the calculate of overall gaseous product distribution. The following procedure was therefore adopted for this purpose.

From the heights of ethylene and ethane peaks, the ratio of ethane to ethylene in the sample was found. Since other unsaturated hydrocarbon were either absent or present in traces only, the whole extent of unsaturation determined by Onset analysis could be considered to be due to ethylene, and the amount of ethane could be calculated from the ethane to ethylene ratio. To avoid the complication of overlapping of carbon dioxide and ethylene peaks, the former was previously removed by absorption in alkali.

While considering the peak heights for ethylene and ethane to correction for any difference in response was applied. This was justified in view of the nearly equal thermal conductivities of ethylene and ethane. The ratio of the peak heights for ethylene and ethane, therefore gave directly the mole ratio or the volume ratio of these two gases in the gaseous product.

In a few experiments when the amount of ethane was much lower than that of ethylene, the ethylene peak completely overlapped the ethane peak. In these cases, a known volume of ethylene was absorbed in bromine water, and the remaining gas was passed in the Vapor Fractometer, to give sufficient resolution for the measurement of peak heights.

The extent of saturated hydrocarbons was determined independently in the case of a few gas product samples, by combustion method, and when expressed in terms of ethane this agreed satisfactorily with the amount of ethane calculated from the respective chromatograms as described above. This indicated that methane (which could not be distinguished from hydrogen and carbon monoxide in the chromatogram) should be absent in the gaseous product, or present only in negligible amounts. The amount of gas remaining after accounting for carbon dioxide, carbon monoxide, ethylene and ethane was considered to be hydrogen.

Calculation and the method of presenting the product distribution:

For consideration of the material balance it was necessary to find out whether there was any appreciable carbon deposition during the reactions by weighing the liquid product in a few experiments, and considering the weight of the gaseous product (calculate from its composition and volume) it was found that the loss of material due to the formation of carbon deposit could be neglected for the purpose of calculating the weight percentage of the product on the basis of the reactant fed.

In the calculation of the weight percentages of the liquid products from chromatogram, the contribution of ethyl acetate to the composite ester. Alcohol peak was found as follows. Let P be the free acid, if any, had been removed (since acid peak, exclude from the chromatogram), C the total area of all the peaks, excluding alcohol and ester, after application of the respective calibration factors and AandB the areas contributed by alcohol and ester respectively to the composite alcohol ester peak. Then since 1.25 is the calibration factor for ethyl acetate, and 1 that for ethyl alcohol, (standard) the weight percentage of ester in terms of it peak area is given by  

                       
       1.25 x B   

      
  P =    ----------------------- x 100

                        (A + C + B x 1.25)

                          P x (A + B + C)

So that   B =   ------------------------ 

                          (125 – 0.25 x P)

Since (A + B) i.e. the total area of the composite peak is known, and P is known independently by hydrolysis B can be calculated.

If the amount of free acid present is F percent, then the total amount of other liquid products is (100 – F). Hence the weight percentage of any particular liquid product is obtained from the chromatogram by

                   Area x Calibration factor    

     Wt. % = -----------------------------   x (100 – F)

                        (A + C + B x 1.25)

The value of P to be used above is given by

                   Wt. percent ester in the 

                    whole liquid product    

           P = -----------------------------   x (100)

                           (100 – F)

To obtain the percentage on the basis of the reactant originally fed, the gaseous products had to be taken into account. The volumes of all the gaseous products were converted to N.T.P. and their total weight calculated. If Wr is the weight of the reactant fed, Wg the weight of gaseous products, then (Wr – Wg) is the weight of the liquid products since the loss of material due to carbon formation is negligible. Hence the percentage of a particular liquid product on the basis of the reactant originally fed is given by

Weight percentage               (Wr - Wg)
   on the basis of            x     ------------

liquid products only                   Wr
The weight percentage of a gaseous product was directly obtained.  

The final figures reported in this investigation are actually in terms of moles since there are more useful than weight percentages. Two methods of presentation were adopted. In the experiments where contact time is variable, the composition of the reactant was fixed so as to study time-product concentration relations. In these cases the product concentration was represented as moles obtained per 100 moles of reactant fed. In some experiments contact time was maintained constant, but the composition of the reactant varied, to study the effect of partial pressure, products or poisons, etc. on the reaction. In such cases actual number of moles of the products formed is given. Considering the reaction of pure ethyl alcohol, if f gms. is the feed rate per hour and p the weight percentage of a product on the basis of alcohol fed, then

p x 46           moles of the product 

--------   =      obtained per 100 of 

    M                  alcohol fed.

Where M is the molecular weight of the product, whereas

p            f            Actual number of product 

                                        ----   x   ----   =        moles formed in the
                                        100         M         reaction during one hour run.
