
572 

Because the concentrations are already defined in mole per cent 

(11) 

units, the mole ’% D in the water may be expressed as: 

Mole % D in water = [D20(1)1 + l / ?  [HDO(l)] 
Substitute Equations 11 and 13 into 14: 

Mole 70 D in water = 

A N A L Y T I C A L  C H E M I S T R Y  

Equation 15 is the equation for water isotopic composition in ’ 
terms of the equilibrated gas composition and the equilibria con- 
stants involved in the reaction. 

Insert the values for the constants into Equation 15 (all these 
values are correct at  25 C.) : 

Kz = 3.62 
K I  = 3.11 

Kt = P H D O  
K I  = P D ? O  

K s  = Pnzo 

and using the relationship ~ PD’o - - (;Z)’’’ = 1.067 
PHDO 

Table I. Water Analyses 
’ Calcd. Mole % D Exptl. hlole % D 

49.4 
24 .9  
78.9 
5 7 . 5  
3 7 . 7  

4 8 . 4  
26 .1  
77 .3  
5 5 . 6  
36.0  

librium. Analyses were performed on two separate portions of 
each water standard, using tank hydrogen and tank deuterium, 
respectively, as the equilibrating gases. In this manner it was 
possible to approach the state of equilibrium from both directions 
for each water specimen. After the reaction had proceeded to 
equilibrium, the gas was analyzed on a mass spectrometer of the 
Xier type (9). In several cases the gas was reanalyzed after 
standing for a considerably longer period of time with the water 
specimen and catalyst to provide a check on whether or not the 
reaction had been a t  equilibrium the first time. Corrections 
were applied to all gas analyses to eliminate error from dilution 
or concentration of the water by the gas during the reaction. 

The results of the analyses are given in Table I. 
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Determination of  Major Constituents of Cedar Oil Vapor 
in Cedar Chests 

F. W. HAYWARD AND R. B. SEYMOUR 
Industrial Research Znstitute, University of Chattanooga, Chattanooga, Tenn. 
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A procedure is given for rapid colorimetric determination of cedrene and cedrol 
in the air of cedar chests. The method is based on a red-violet color formation 
resulting from the reaction of cedrene with vanillin in the presence of hydro- 
chloric acid. The cedrol is dehydrated in situ by phosphoric acid and determined 
as cedrene. 

EDAR chests are made from the heartwood of the eastern c red cedar (Juniperus airginiana). The aroma in these 
chests is due to  the volatile oil which is present in cedar wood to  
the extent of about 2%. Rabak (3) found the principal constitu- 
ents of this oil to  be sesquiterpenes, a hydrocarbon, cedrene 
(C1~H~4), and an alcohol, cedrol (C15H260). I n  this investigation a 
method has been developed for the determination of these volatile 
constitutents in cedar chests. 

Semmler (6),  Ruzicka (j), and Treibs ( 7 )  determined in 
principle the structural formulas of these compounds. Cedrol 
was found to have a tertiary alcohol group and could be de- 
hydrated with formic acid to  produce cedrene, which had a double 
bond. Rosenthaler (4) discovered that turpentine reacted with 
vanillin in hydrochloric acid to  give a green coloration. Bogatskif 
(1) applied this reaction to  a quantitative colorimetric method 
for turpentine and found that compounds containing active 
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double bonds such as pinene and dipentene also reacted with this 
reagent. 
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EXPERIMENTAL 

Preliminary experiments showed that cedrene in ethanol 
reacted with vanillin in hydrochloric acid to produce a red-violrt 
color, whereas cedrol did not react under these conditions. It \vas 
found that lye vanillin in hydrochloric acid formed a pink color 
which masked the violet coloration caused by cedrene, but that 
0 . 1 7  vanillin was satisfactory. To produce a stable color it was 
necessary to  use a volume of vanillin-hydrochloric acid reagent 
equal to that of alcoholic cedrene. Cedrol in ethanol was easily 
dehydrated by phosphoric acid to cedrene, Xvhich was then de- 
termined colorimetrically. Thus by using two aliquots of an 
ththanol solution of the unknon-n, it was possible to determine the 
total of cedrene plus cedrol as xvell as cedrene alone. The cedrol 
vontent was then found hj- differrnce. 

REAGENTS 

Ethanol, (35%. Ortho phosphoric acid, 8570. 
Vanillin hydrochloric acid reagent, 0.1 gram of vanillin placed 

in a 100-ml. volumet,ric flaek and made up to volume with con- 
centrated hydrochloric acid. This reagent was most satisfactory 
when freshly prepared. 

Standard solutions of cedrene in 95yo ethanol were prepared, 
containing0.01, 0.02, 0.05, 0.1,0.2, 0.5, and 1.0 nig. of cedrene per 
ml. 
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Figure 4. Cedrene-Cedrol Mixtures 

APPARATUS 

A Iilett-Summerson photoelect,ric colorimeter equipped with 
green filter. Colorimeter t,ubes, graduat,ed a t  5 and 10 ml. 
Pipets of assorted sizes, 1 to 5 ml. 

Gas sampling tube, large size, 2 t o  4 liters. Gas 
absorption tube, microadaptation of Nichols ( 2 )  air 
lift pump gas absorber built in 18 X 150 mm. side-arm 
test tube. 

PROCEDURE 
Sampling. The lock is removed from the chest being 

tested and a rubber stopper containing a glass tube is 
inserted in the lock hole. Inside the chest is attached 
a rubber tube of such lengt'h that  the air sample 
is obtained from the middle of the chest. The outlet 
of the absorber is connected to the top of a large 
nat,er-filled gas sampling tube used to draw the air 
sample through the absorber. The volume of water 
removed from this tube is equal t o  the volume of air 
in the sample. 

In  practice the chest under t,est is closed and the 
outer rubber tube is clamped. After sufficient time 
for the chest to reach equilibrium has elapsed, 10 ml. 
of ethanol are placed in the absorption tube and41 
liter of air is drawn through slowly. Aliquots of t,his 
solution are used for analysis. 

Aliquots of standard and unknown solu- 
tions in alcohol are pipetted into colorimetric tubes 
and 1 ml. of phosphoric acid is added to the samples 
in which i t  is desired to determine the total of cedrene 
plus cedrol. These samples are shaken to ensure mixing 
and allowed t80 stand for 30 minutes to complete the 
dehydrat,ion of cedrol. 

Analysis. 
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All samples are then diluted to the 5-ml. mark with ethanol and 
5 ml. of the vanillin-hydrochloric acid reagent are added. Uni- 
formity of the solutions is assured by inverting the tubes five 
times and allowing them to stand a t  least 30 minutes before color 
intensities are read. 

Color intensities are determined with a Klett-Summerson 
photoelectric colorimeter equipped with a green filter. A tube of 
ethanol is used for the zero setting of the instrument and a blank 
is run along with the samples using alcohol alone. 

RESULTS 

To ascertairl the stability of the color formed, the color in- 
tensity of a sample was determined at frequent intervals over a 
period of 2 hours (Figure 1). The rapid initial increase in in- 
tensity is due to the course of the reaction of cedrene with 
vanillin. The slom-er linear increase with time after the first 30 
minutes is believed to be due to the concentration of color caused 
by contraction of the solution on cooling. Later work showed 
that no appreciable fading occurred after 16 hours. 

That the change of color intensity with cedrene concentration 
was essentially linear in the range of 0.1 to 2.0 mg. of cedrene per 
determination is demonstrated by the data plotted in Figure 2. 
A similar linearity but a different slope was observed over the 
range of 0 to 0.1 mg. of cedrene (Figure 3). As little as 0.01 mg. 
of cedrene or cedrol was detectable. Experiments showed that 
the determination of cedrene was unaffected by the presence of 
cedrol, as shown by coincidence of the two curves in Figure 4. 

A N A L Y T I C A L  C H E M I S T R Y  

The total of cedrene plus cedrol was determined by the use of 
phosphoric acid. This is clearly shown by the increased slope of 
the curve in Figure 4 when phosphoric \vas used. 

\Then the method vas  applied to the analysis of air from cedar 
chests, values of 0.05 to 0.6 mg. of cedrene or cedrol per liter of air 
were obtained. I t  is probable that such unsaturated minor con- 
stituents as cedrenene and cedrenol also react with vanillin- 
hydrochloric acid reagent and are thus calculated as cedrene. 
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Determination of  Alumina ’in Iron Ore 
G. FREDERICK S3IITH AND F. WM. CAGLE, J R . ,  Cnicersity of Illinois, Crbana, I l l .  

A new procedure for the separation of alumina in iron ore, which is not de- 
pendent upon a carefully controlled pH for its efficiency, involves the forma- 
tion of ferrous-bipyridine complex not precipitated by ammonium hydroxide 
or carbonate. By the process as described, aluminum in small amounts can be 
separated from large amounts of iron in one precipitation. A procedure is 
described for the recovery in high yield of the masking reagent bip? ridine. 
The cost of reagent required per determination is at a minimum. 

H E  determination of alumina in an iron ore is rendered diffi- T cult by two factors: the chemical similarity of ferric oxide 
and alumina, and the fact that alumina almost al\Tays comprises 
less than 2% of the mixture (often much less). 

The problem has been approached from many directions and 
attacked xith great persistence and diligence ( 5 ) .  A recent 
survey of some of the schemes has resulted in the choice of the 
phenylhydrazine method of Hess and Campbell (8) as modified 
by Allen (1) and by Golowaty and Ssidorow (6). A purely 
physical method for the separation, which is capable of giving 
highly accurate results, is the removal of iron with a mercury 
cathode ( 2 ) .  The method was originally described for the deter- 
mination of vanadium in steel but is as efficacious for aluminum 
(5). 

The chemical methods that are used for the separation of alumina 
from iron ore require several steps and repeated precipitations for 
accurate work. The hydrochloric acid-ether method of Gooch 
and Havens ( 7 )  is useful if the iron is not in too great concentra- 
tion, but would not be used for iron ores. 

Ferrari (4 )  observed that the ferrous complex of 2,2’-bipyridine 
gave no precipitate with ammonium hydroxide and that alumina 
could be precipitated in the presence of 2,2’-bipyridine. His 
work was conducted on synthetic samples and iyas of only cursory 
nature. The samples emploved by Ferrari did not contain the 
great preponderance of iron found in an iron ore. 

The experiment was first tried on synthetic samples made up 
with known aluminum-iron ratios (Table I). Ammonium alum 

(Mallinckrodt’s U.S.P.) n as chosen as the source of aluminum 
because of its low aluminum content. Because this is a hy- 
drated d t ,  it \T as analyzed before use and stored in a tight con- 
tainer aftcr annljsis. The source of iron Tvas a sample of 
Mallinckrodt’s reagent ferric alum. A blank on 6 grams gave an 
alumina precipitate of less than 0.1 mg. The analysis Tvas con- 
ducted by ignition to the oxide and precipitation of hydrated 
alumina and ignition. 

The 2,2’-bipyridine used was a commercial sample obtained 
from the G. Frederick Smith Chemical Company. To test for 
freedom from objectionable material, a 3-gram sample was 

Table I. Analyses of Synthetic Samples 
Method of Analysis .hoe Found, % 

11.40 Calculated for N H I A I ( S O ~ Z . ~ ~ H Z O  
11.36 
11 .26  - 4 1 2 0 3  = 11.24% 

Ignition 

Precipitation ‘(11.25 

Table 11. Separation of Aluminum from Iron in Sulfuric 
Acid Solution (Hydrochloric Acid Absent) 

Sample S o .  hh08 Taken A1~0e/~Ig.FezOa AlaOs Found 
M 9 .  J l Q .  M Q .  

1 
2 
3 
4 

131.4  1 /1 .27  
2 2 . 5  1 /7 .42  
2 5 . 5  1/39.2 
1 2 . 1  1 /82 .6  
14 .3  1/70.0 

131.9 
25.4 
2 9 . 6  
15.7 
14 .3  


