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A micro quantitative method for determination of hydr- 

oxyl groups by reduction with hydriodic acid is described. 

Acceptable results are listed on amounts of material down to 

about .020 millimoles of hydroxyl, or about one-eightieth the 

amount required for micro methods previously described In the 

1iterature, The data were obtained on polyalcohols, primary 

alcohols, polyhydroxy acids,, and phenyl-substituted hydroxy 

acids. Phenols, tertiary alcohols, and some miscellaneous 

compounds could not be quantitatively determined. 

A generalization explainiflg the variation in ease of 

reduction of 1ydroxy compounds is presented and is considered 

to be useful in the prediction of hydriodic acid reactions 

with organic substances. Compounds are readily reduced when 

they have one or more negative groups on carbon atoms adjacent 

to the hydroxyl. The generalization is based on a study of 

the relátive reduction and substitution of hydroxyls in corn- 

pounds having one or more positive or negative substituents. 

Application of the method and technique to the quant- 

itative micro determination of olefin double bonds, nitroso, 

and Br and Cl groups is suggested. 
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A MICRO STUDY 0F THE REDCTION OF 
ORGANIC HYDROXYL COMPOUNDS 

.VITH HYDRIODIC ACID 

INTRODUCT I ON 

Durinß the course of research being carried on in 

this laboratory it was found desirable to make quantit- 

ative determinations of hydroxyl groups in very small 

amounts of organic compounds. The most standard tech- 

nique that has been used for such analyses depends upon 

acetylation, isolation of the acetyl derivative, and a 

subsequent hydrolysis, followed by a titration of the 

acid formed. Freed and Wynne (6) modified this proced- 

ure for application in a so-called micro method. The 

samples used were about eiity times as lare as desir- 

able for the purpose required in this laboratory. The 

results obtained by the above workers were so erratic 

that the method did not seem applicable to smaller amounts 

of material. 

It was found, after some preliminary work, that the 

reduction of hydroxyl groups with hydriodic acid had sev- 

eral interesting and valuable possibilities that were of 

analytical significance. The method described in the 

present paper is based on the following normal reactions 



of an alcohol with hydriodic acid. 

(1) ROH + HI- »1 H20 

(2) RI + HI >F-H + 12 

It is seen that step (1) jnvolves a substitution while 

step (2) involves a reduction. In any reaction, regard- 

less of the relative amounts of this substitution and re- 

duction, the number of equivalents of hydroxyl in the 

starting material is equal to the sum of the number of 

moles of RI and. 12 in the product.. The scheme for anal- 

ysis, based on the normal reactions given above, was 

drawn up as follows: 

(1) The determination of iodine in the products by 

titration with thiosulfate. 

(2) The determination of RI by subtracting the moles 

of iodine found from the total amount of hydr- 

iodic acid, used up. The total HI can be deter- 

mined as iodide ion or as hydroSen ion. The 

latter was determined in the present work. 

after some preliminary investiation, it seemed 

probable that the method would have other uses than the 

niere analytical determination of hydroxyl rroups. First, 

it was noted from general reactions in organic chemistry 

that primary, secondary, and tertiary halides have increas- 

in reactivity in the order given. It therefore appeared 

possible that analytical data would throw some light on 
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the type of group being reduced. Second, it was dis- 

covered In preliminary work that hydroxyls on adjacent 

carbon atoms in polyalcohols were more readily reduced 

and to a larßer extent than hydroxyls not on adjacent 

carbons. In an unknown polyhydroxy COmpOund, therefore, 

the ratio of reduction to substitution mlht lve some 

indication of tI-ie structural relationships of the hydr- 

oxyls. It was assumed, in the foreoin statements, that 

all of the hydroxyl groups involved would either subst- 

Itute or reduce completely. 
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HISTORICAL JD THEORtTICAL EACKOEROUND 

It w: -' s well-known that other roups than iydroxy1 

dervaiAves would react with hydriodic acid under the 

conditions of the present experimental work. The types 

of comp3unds that would undergo reduction at high temper-- 

atures and pressures are numerous, but need not be dis- 

cussed in this work since mild conditions were used in 

obtaining the experimental data. It should be of consid- 

erable value, however, to review the literature on the 

subject of oraníc compounds ttat react readily with hydr- 

lodic acid. These are the substances that would inter- 

f ere definitely with the analytical determination of hydr- 

oxyl groups. Some of the variations of the mild conditions 

used by different workers are also of value and are includ-- 

ed in the following digest from the literature. 

Hydriodic acid has been used for many years as a 

strong reducing aßent in the preparation of hydrocarbons 

from alcohols. The quantitative nature of these react- 

ions has been determined only in relation to the yield 

of desired product. In this connection it has been stat- 

ed 'by Eernthsen (2) that the molecular iodine set free in 

these reactions produces iodoconrnounds, which prevents high 

hydrocarbon yields. To obviate such difficulties, hydr-- 
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lodic acid has been supplemented, in common practice, by 

±'ed phosphorus, which regenerates the acid from the mole- 

cular iodine produced by reduction. More recently reduc- 

ing agents such as stannous chloride(21) have been used 

for the same purpose. By such means, alcohols, amines, 

ketones, and (at high temperatures) long chain fatty acids, 

among other types of compounds, have been reduced to hydro- 

carbons. 

Several specific studies of hydriodic acid reduct- 

ion have been made.. Norris(17) gives three possible prod- 

ucts that can 'be produced 'by action of the reducing agent 

upon glycerine. Unsaturated compounds are formed if the 

hydriodic acid is not present in sufficient excess. The 

necessary excess is not readily defined. This reaction 

was studied in detail by Sattler(19) 

A reaction that would undoubtedly interfere with 

the determination of hydroxyl groups is that of halide 

substitution or reduction. G.lattfeld(7) prepared di- 

hydroxy butyric acid by the reaction of fuming hydriodic 

acid on dichloroisobutyric acid. The chioro groups 

were replaced by iodo groups and the latter hydrolyzed 

in boiling water. It. was also found by this worker that 

the hydroxy compounds of the above acid could be con- 

verted to the iodo derivative by hydriodic acid, but 

further reduction did not take place. If a hydroxyl group 
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was in the o< position on the isobutyric acid. mentioned, 

it could be completely reduced to anhydroen by HI. 

Some further reactions of organic haloen derivatives 

were studied by Shoesmith (20). This author was inter 

ested in the quantitative removal of bromine from benzyl 

bromide derivatives, as exemplified by the following 

reactions: 

CH2Er CH3 

O+HI +IBr 
CH3 OCH3 

1Er +HI -HBr + 12 

The reactions, as determined by iodine liberation, were 

found to be complete within one hour at 25°C. The split- 

tine of the methoxy group required about five hours under 

these conditions. 

The reduction of nitroso compounds with hydriodic 

acid was investigated by Earl and Kenner (5). It was 

found that these compounds were converted to hydroxyl 

amines by HI and red phosphorus. The reactions were 

carried out in an ice bath. A similar method was used 

by Brewster (3), who quantitatively converted phenyl 

hydraine to aniline by the use of dry hydrogen iodide. 

A reaction of hydriodic acid that takes place very 

readilyis the addition to double bonds. A general study 
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of ethylene additions was made by Kharasch and Hannum (12), 

who obtained good yields of the addition products in six 

hours, at room temperature. . The contro11in factors were 

investigated by Zalking, Rubin, and Kruglov (22) in a study 

0±' tetrarnethylbutinediol in aqueous hydriodic acid. Var- 

bus concentrations of the acid. were used (45 to 67 per- 

cent) at temperatures ranin from 20 to 90°C. Good 

yields of the same glycol were obtained in all experiments. 

Masuda and Nishida (14) prepared iodo derivatives from 

hihlyAsaturated fatty acids... All reactions were carried 

out at less than 1000, and intermediate, partially saturat- 

ed compounds were isolated by a careful control of condit- 

ions. 

It was re orted by Nellensteyer (15) that sulfur corn- 

pounds of the thiophene type were readily reduced by hydr- 

iodio acid.. A great many products, among which were hydro--- 

en sulfide, iodine, and carbon, were formed. Furan der- 

ivatives reacted in a similar manner.. 

It is somewhat difficult to draw a line between mild 

and vigorous con 

ly several types 

that would react 

the experimental 

reaction of this 

who reported the 

iltions of reduction. There are undoubted- 

of compounds that have not been discussed 

to some extent with hydriodic acid under 

conditions used In the present work. A 

type is cited by Hill and Confrancesco (9), 

conversion of mono benzyl acetophenone 



to 1-3-diphenyl propane by hydriodic acid and red phos-- 

phorus. The reaction was carried out in a sealed tube at 

a temperature somewhat over 200°C. 

The application of the use of catalysts in hydriodic 

acid reductions has been worked upon to some extent by Hin- 

sheiwood and Burk (8), who studied the kinetics of the de- 

composition of hydrogen iodide on the surface of platinum 

catalysts. The ordinary decomposition of HI is of' a bimol- 

ecular nature, while at the surface of platInum it becomes 

unimolecular. Since reductions by this reagent depend on 

the production of' nascent hydrogen, the unimolecular de- 

composition is more favorable to reduction. The experi- 

mental work showed the catalyst to be valuable in reactions 

of difficultly reducible compounds. It seems possible that 

quantitative catalytic reduction of hydroxyl croups by hydr- 

iodio acid could be carried out at less than 100°C. 

The variation in reduction conditions previously 

discus3ed makes it obvious that no enera1i;ations as to 

reaction rates can be formulated. Such considerations 

are of great interest in determining conditions for analyt-- 

ical use.. No systematic study of the substitution phase 

of the hydriodic acid - hydroxy1 reactions has been found 

in the literature. 0g5 (18), however, investigated the 

reduction phase of the reaction. Rate constants for the 

reduction of methyl, ethyl, and propyl lodides were cal- 

culated from experimental data obtained over two hour 



eriods at 250° C. The reactions were found to be of a 

bimolecular nature. 

RI+ 1-II )H+ I 
The differential form of the rate at ordinary pressures 

was given as: 

a(I2) (RI)(HI) 
. .. = K1(Rt)(HI) + ic - .. - 

dt .. (HI)+(12) 

It was observed that the rate constant, K0, was dependent 

on the original hydriodic acid concentration. The therm- 

al decomposition of }jI itself was ne1ected as beinB corn- 

paratively small. The above author also made the state- 

ment "it is a well-known fact that the stability of alkyl 

iodides is in the order; primary) secondary) tertiary.!'. 

It should follow that the secondary and tertiary lodides 

should be more readily reduced than primary iodides. 

A factor that is of considerable importance in anal- 

ytical practice is the thermal decomposition of the hydro-- 

sen iodide itself. Bodenstein and Jost (1) studied the 

reaction: 

2H1 >H2 + 12 

The reaction was carried out in both the presence and 

absence of water vapor. It was concluded that water vapor 

had no effect on the decomposition equilibrium. The 

following data were given: 
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Temperature Percent HI Decomposed 

500°C. 23..94 
'+4o°c. 21.88 
400°C. 20.49 

Husa and Shattuck (10) studied the effect of inor- 

anic cations on the thermal decomposition of aqueous 

hydriodic acid. It was found that the addition of metall- 

ic iodides save decompositions in the followin3 order: 

Fe, Mn, NaSrNH4, Ca=KLi, Mß=Cd=Zn, Ba 

Acceleration Retardation 

Then in concentrations the same or less than that of the 

hydriodic acid only the extreme cases showed a marked 

effect. Most of the results were attributed to a common 

ion effect. Lare acceleration in decomposition was 

attributed to a catalytic activity, while no explanation 

was offered for large retardations. Useful information 

on the effect of light, oxygen, and concentration, on 

the stability of hydriodic acid solutions was also given. 
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ATERIALS 

The chemicals used in the experimental work here 

described were, for the most part, Eastman C. P. prod- 

ucts, and were used without further purification. The 

(3 alanine and tertiary amy 1 alcohol were laboratory 

preparations and were considered to be of sufficient 

purity for direct use. The hydroxy butyric acids used 

were obtained through the kindness of J.N.E. G-lattfeld, 

and were reasonably pure. Kahlbaum's hydriodic acid 

(sp. gr. 1.96) was used in all cases as the reducing 

agent. 
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APPARATUS AND EXPERD1ENTAL TECHNIQ,UE 

The analytical method Involved in this work hinges 

entirely upon the application of submicro technique to 

ordinary micro analysis. It is believed that this is 

the first combination of this kind that has been made. 

The accurate pipeting and measurement of small amounts of 

concentrated reagents appears to have several valuable 

uses in quantitative organic chemistry. The exact appli- 

cation is best illustrated by a description of the general 

procedure used in the reduction of a hydroxyl compound. 

Samples for analysis (.5 to 10 mg. depending on 

content) are weighed into pyrex capillary tubes 

on the micro balance. Forty (.04 cc.) of hydriodic 

acid. (sp. gr. 1.96) are introduced into the sample tubes 

with a capillary pipet. Extreme care should be taken to 

prevent droplets of the reaRent from being deposited near 

the tops of the tubes. Following the introduction of the 

reagent into a capillary, the pipet is rinsed into a 

fifty milliliter erlenmeyer flask that has been marked to 

correspond to the sample.- Each tube is sealed as rapidly 

as possible by use of a fine point in an oxygen flame. The 

sealed tubes are then placed in a bath of constant boiling 

liquid for five hours. After the reaction has thus 
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been carMed. out, each tube is placed in its correspond- 

ifliy labeled erlenmeyer flask and crushed with the end of 

a glass rod. The solutions are titrated to the usual 

starch-iodine endpoint with sodium thiosulfate (.015 N), 

followed by titrations of the same solutions with stand- 

ard sodium hydroxide (.05 to .15 N). Phenolphthalein 

gives the most convenient endpoint in the latter case. 

Calculations are illustrated under ttdatatt in Table II. 

In all determinations blanks, treated in the same rash- 

ion as the samples, are necessary.. These consist of 

measured volumes of the hydriodic acid with no hydroxy 

compound added. 

It may be noted from th above procedure that the 

reagent is measured with a forty > pipet, while the titr- 

ations ar carried out using ordinary micro burets (2 - 

10 cc.).. Since the accuracy of tbe analysis depends 

largely upon the pipetng of the hydriodic acid and the 

sealing of the sample tubes without loss, these two feat- 

ures should be discussed in some detail. 

(1) The pipets and the technique of use have been 

discussed by Kirk (13) in connection with submicro anal- 

ysis. These capillary pipets are constructed from fine 

capillary tubing, and are readily controlled by a small 

hypodermic syringe. The instruments are calibrated with 

mercury for content and not drainage. For this reason the 
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rinsins are deposited in a flask after the delivery of 

the main portion of the hydriodic acid to the reaction 

tubes. 

(2) The capillary tubes may be drawn from twelve 

millimeter pyrex tubing. These chambers are thin-walled, 

about four millimeters in diameter and four centimeters 

1on. It is of advantage to have the open ends of thick- 

er walls than the closed ends, since the sealing is thus 

made easier.. 

The accuracy in pipetin and sea1in of' reaction 

tubes is illustrated in Table I. In this experiment, 

the technique described in the procedure above was 

followed, with the exception that no hydroxyl compound 

was present and the tubes were not heated. Hydriodic 

acid was pipeted into capillaries, vhich were then sealed, 

broken, and the contents titrated. 

TAELE I 

Sample HI Milliequivalents Milliequivalents 
thiosulfate used NaOR used 

1 39 ) .0256 .372 

2 39 .0255 .371 

3 39 .0256 .372 

A thorough investigation of the most suitable range 

of sample size has not been made. nounts of material, 

however, varying from .01 to 12 millimoles of hydroxyl 
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croup were quantitatively reduced. The quantity of hydr- 

iodio acid used was about .45 mi-l1iequivalents, or a two 

to twenty-fold excess over that required for complete 

reduction. Little variation in analytical results was 

noted when the amounts of materials above were used. 



TABULATION OF DATA 

The major portion of the data obtalned by experi- 

Inentation has been tabulated as compactly as possible 

(in Tables II, III, and IV).. The first of these, lIA 

and B, illustrate the method used in the laboratory for 

recording and calculating the results of an analysis.. 

The column labeled "Sample H+ is used only when the 

material bein reduced furnishes .itratable hydrogen 

ions. These data are recorded in milhiequivalents. 

refers to the number of mihliequivalents of RI 

formed in the reaction, while "OH Red." cives the 

number of milhimoles of 12 found in the thiosulfate 

titration. This latter value is equal to the mihliequl-- 

valents of hydroxyl croups that are completely replaced 

by hydrogen. The rest of the columns are self-explana- 

tory.. 

Table III is a condensation of a mass of data ob- 

tamed as illustrated in Table II. Besides the total 

number of hydroxyl groups found, the number completely 

reduced and the number substituted are given. The signif- 

icance of these viihl be discussed later. 

Table IV illustrates the varitions in analytical 
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results on a single compound. The effect of sample size 

on the amount of reduction is also shown. 
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TABLE lIA 

Compound Pentaerythritol LIande1ic Acid Levulose Blank 
mg. 1.576 1.179 1.476 

cc. Thio- 
sulfate 1.23 2.3 6.3 1.0 

cc. Thio.- 
Blank .23 1.3 5.3 

Millieq. I .0030 .01715 .070 

cc. NaOH 2.218 2.235 1.815 2.29 

cc. Na0H- 
Blank .072 .055 .475 

Millieq. H .0110 .0085 .0729 

Sample H 0. .0078 0. 

Total .0110 .0162 .0729 

H - 

OH Subs. . .0079 -.001 .0029 

OHRed. .0015 .0085 .035 

Millleq. 
0F Total .0094 .0076 .0379 

Millieq. 
Theoret. 0H .0462 .0078 .0409 

pheoret. OH 
Groups/ol 4.. 1.. 5.. 

pound OH 
Groups .81 .97 4.65 

Re duc t i O 
OH Groups .03 .97 4.28 

Substitution 
OH Groups .78 0. 0.37 

5 hours at 100°C. Thiosulfate, .0132 N.,.NaOH, .1536 N. 
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TABLE lIB 

Compound Erythritol Tertiary Amyl Secondary Butyl Blank 
Alcohol Alcohol 

1g. 1.484 2.74 3.18 

cc. TI-lic- 

sulfate 7.01 1.25 1.39 1.50 

oc. Thio.- 
Blank 5.51 -.25 -.11 

Iillieq. 12 .0727 -.0033 -.00i4 

cc. NaOH 1.678 2.081 1.957 2.190 

cc. NaOH- 
Blank .512 .109 .233 

Millieq. .0811 .0173 .0369 

Sample H 0. 0. 0. 

Total H .0811 .0173 .0369 

1-1k 

01-I Subs. .008k .0206 .0383 

01-r =Red. .0364 - .0016 - .0007 

Millieq. 
0H Total .048 .0190 .0376 

Iviillieq. 

Theoret.OH .0486 .0311 .0430 

Theoret . 0H 
Groups/Mol 4._ 1. 1.. 

Found OH 
Groups 3.72 .61 .87 

Reduct ion 
0H Groups 3.0 0. 0. 

Substitution 
0H Groups .72 .61 .87 

5 hours at 134°C. Thiosulfate .0132 N, NaOH.l585 N. 



TABLE III 

Compound OH OH OH by OH by No. of 
Present Found Reduction Substitution Detinns.. 

Manni toi 
100°C. 5.95 i,25 10 

l3o 6 5.51 4.82 .69 8 

163° 5.28 4.47 .81 2 

Duicitol 
1000 5.51 4.72 .9 4 
134° 6 5.73 4.96 .7 1 

163° 4.62 3.22 Ao 1 

Erythri toi 
1000 3.94 2.88 1.06 2 

134° 4 3.72 2.86 .86 1 

163° 3.32 2.14 1.18 1 

Benzyl 
Al cohol 

100° .95 .71 .2'4- i 

134° 1 1.& .97 .63 1 

163° .69 .69 0. i 

OElucose 
1000 

134° 5 4.95 4.74 .21 1 

153° 

Mannose 
1000 4.85 4.07 .78 2 

134° 5 5.O 4.35 .70 1 

163° 3.95 3.05 .90 i 

Levulose 
1000 465 3.60 1.05 2 

1340 4.65 3.16 1.49 i 

163° 21..45 3.90 .55 i 

andeli c 
Acid 
1000 ..95 .95 0. 2 

134° 1 .98 .94 .04 i 

163° .4 .72 .02 i 

!! An explanation for the data showing higb results 

is offered in the discussion of results. 
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TABLE III (continued) 

Compound OH OH OH by OH 'by No. of 
Present Found Reduction Substitution Detmns. 

Threonine 
100CC. O. O. O. 2 

134° 1 .78 .725 .055 1 

163° 1.91 1.91 0. 1 

Inositol 
1000 0. 0. 0. 2 

134° 6 1.5 1.3 .2 1 

163° 2.52 2.51 .01 1 

2-OH-1-4- 
Dimethyl- 
benene 

100° .19. .10 .09 1 

134° 1 .44 .40 .04 1 

163° .54 .54 0. 1 

ø' (Di-OH 
I sobutyri. o 

Acid 
1000 1.86 1.0 .86 8 

134° 2 2.04 1.81 .23 3 

163° 1.28 1.28 0. 1. 

oc (?.s Di - OH 
Butyric Acid 

100° 1.66 .83 .83 2 

134° 2 2.00 1.25 .75 1 

(OH'( 
Butyro- 
lactone 

1000 1.72 .91 .82 2 

134° 2 1.82 424 1.38 1 
163° 1.14 .4 .60 1 

Erythronic 
Lactone 
100° 2.79 1.93 .86 8 
134° 3 2.97 1.95 1.02 5 
1630 1.95 1.13 .82 1 
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TABLE III (continued.) 

Compound OH OH OH by OH by No. of 

Present Found Red.uction Substitution Detinns. 

«OHY 
Butyro- 
i a c t o ne 

100°C. 
134-° 2 

.1 
1.96 

.05 

.87 
.05 

1.09 
2 

5 

163° 1.92 1.04 .88 1 

Tartane 
cid 

100° .3 .1 .2 1 
1321.0 2 0. 0. 0. 1 

163° 2.64 1.15 1.31 2 

Ponta- 
erythritol 

100° .8 .13 .67 2 
134° 4 3.96 .0k 3.92 2 

163° O. 2.6 1 

I-iexyl 

Alcohol 
1000 .98 o. .98 2 

134° 1 1.00 0. 1.00 1 

1630 .81 o. .81 1 

I soamyl 
Alcohol 

100° .96 o. .96 2 

134° 1 .82 o. .82 1 

163° .64 o. .64 1 

Secondary 
Butyl Ale- 

oho 1 
100° .92 .02 .90 2 

134° 1 .87 0. .87 1 

163° .52 0. .52 1 

Tertiary 
Butyl Alc- 

ohol 
100° .25 0. .25 1 

134° 1 .47 .01 .46 1 

163° .44 o. .44 1 
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TELE III (continued) 

Compound OH 0H OH by OH by No. of 

Present Found Reduction Substitution Detrnns. 

Tertiary 
Amyl Ale- 

ohol 
100°C. .70 0. .70 2 

134° J. .61 0. .61 1 

163° .53 0. .53 

Ethyl Aceto- 
acetate 
100° .93 .09 .84 2 

134° 1 .95 .14 .81 2 
1 163° 1.144 3J .80 

Ethyl 
Benoate 

1000 1.3v 0. 1.3 2 

134° 1 2.o6L . 
j,. 2.06 1 

163° l.31$L 0. 1.31 2 

m-OH Een- 
oie Acid 

100° 0 0 0 1 

134° 1 o O O 1 

163° 0 0 0 1 

HI Uptake HI Found Reduction ubstit- No. of 

Theoretical Equi- ution or Detmns. 

Equivalent valent Addition 

Crotonic 
Acid 
23° 1 1 0 1.0 1 

l3° i 1 0 1.0 1 

N Eutyl 
Ether 
23° 2 .48 0 .48 1 

100° 2 3.8i .1 3.7 1 

134° 2 3.T4 O 3.7 1 

Alanine 
100° 0 0 0 0 2 

134° o o o i 
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TABLE IV 

Determination of Mannitol 100°C. 5 hours 

Millimoles Mannitol OH Groups OH G-roups Found by 
Found/mol Reduction/inol 

(1) .00541 6.o 4.41 

(2) .00607 5.88 4.56 

(3) .00616 6.0 4.63 

(4) .00618 6.2 4.68 

(5) .00716 6.0 4.68 

(6) .00723 6.0 4.74 

(7) .00766 5.64 4.98 

(8) .00842 5.88 4.86 
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DISCUSSION OF RESULTS 

A study of the data in Table III, pages 20 to 23, 

shows that satisfactory analytical results can be obtain- 

ed by hyth'iodic acid reduction on many alcohols, poly- 

alcohols, hyth'oxy acids, etc., but that simple second- 

ary and tertiary alcohols, phenols, and inositol, fail- 

ed to ive satisfactory results. The method developed 

has, apparently, a general usefulness in micro hydroxyl 

analysis, since predictions can be made as to accuracy 

of results on a 4ven type of compound. This factor 

will be discussed later. 

The accuracy of the analyses varied, for the most 

part, between zero and four percent low. This is con- 

sidered reasonable accuracy for the small samples used 

and for hydroxy determinations. Of the compounds that 

should give good results, dulcitol, levulose, and@OHY 

butyrolactone were lower than the range mentioned above. 

The analysis of secondary butyl alcohol was ten percent 

low, while two tertiary alcohols gave values thirty and 

fifty percent low. Several miscellaneous compounds, 

including derivatives with phenolic hydroxyls, threonine, 

tartane acid, and inositol, were analyzed. 

It does not seem probable that the variations 
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obtained in connection with different types of compounds 

are due to technical difficulties in the method. This 

was illustrated, in Table i, page 14. Furthermore, Table 

IV, page 24, illustrates the reproducibility of analyses 

on a single compound. These data were obtainìed on mann- 

itol at 100°C., and at various times over a period of 

about two months. 

Column three in Table IV demonstrates a factor in 

reduction that is not readily explained. It is shown 

that the reduction percentage of the mannitol increases 

with increased size of sample, even though tLe value for 

tôtal hydroxyl content remains constant. If the reduct- 

ion rate depends on the (HI)(RI) concentrations as stat- 

ed by Ogg (18), page 8, the reduction percentage in 

mannitol should remain constant. Ingold and Ramsden (ll 

made a study of the addition of hydriodic acid tó propyl- 

ene that may be analogous to the above case. These work- 

ers found that the percent primary iodide produced in 

this addition was a function of the dielectric constant, 

of the solvent. The reaction in water gave the secondary 

iodide almost exclusively, while in propane a twenty-six 

percent yield of the normal iodide was obtained. In the 

reduction of mannitol, the sample itself might have 

sufficient effect on the dielectric constant of the sol- 

vent to give the results recorded. Another possibility 



is the production of nascent hydrogen from hydriodic 

acid by some autocatalytic effect. No entirely satis- 

factory explanation of the results can be evolved with- 

out further study. 

It was noted in several determinations where large 

samples of polyalcohols were used, that a tarry condensat- 

ion product was formed in the reaction vessel. This 

produced low results, and was probably due to the cata- 

lytic condensing action of hydriodic acid. J. Colonge 

(4) found hydrogen iodide to be a more efficient caLa- 

lyst for ketone condensations than hydrogen chloride and 

hydrogen bromide. Related to this subject is the work 

of Neumann (16) on the determination of methoxy groups 

in highly methylated. compounds. This author reported 

that analytical results were as much as two percent low 

when the temperature of the reaction vessel was raised 

rapidly. The difficulty was elIminated by a preliminary 

heating of the hydriodic acid, methoxy compound mixture 

at 60 to 80°C. for thirty minutes. This preliminary 

heatin5 is undoubtedly applicable in direct hydroxyl re- 

duction as a preventative of the formation of the tarry 

substances. 

The effect of time on reduction was not investig- 

ated thoroughly. The five hour time-span used in most 

of the experimental work w as based on the following data 



obtained on mannitol at 10000.: 

Time OH roups Found 

1.5 hours 5.22 

5 hours 5.95 

15 hours 5.6 

An increase in time increased the thermal decomposition 

of hydriodic acid in Lhe blanks. This decreases analyt- 

ical accuracy in compounds which show low substitution 

and high reduction values. 

The effect of temperature on the blank determination 

was somewhat larger than expected from decomposition 

values at hih temperatures. The following data are 

given in percent decomposition of the total hydriodic 

acid present in blanks at three temperatures: 

l00C. 134°C. 163°c. 

8.2°/. 

This shows a change in the amount of decomposition be- 

tween 1000 and 163° comparable with that between 40° 

and 5QQ0, as quoted from Bodenstein and Jost (1), page 9. 

Some discussion :f the effect of non-reducing in- 

organic ions on hydriodic acid decomposition has been 

given on page 10. It was found in experimental wörk 

that some non-reducing organic compounds definitely 
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retarded the decomposition of hydriodic acid. Ça1an1ne 

was the outstanding example. The same effect was noted 

with compounds that substituted but did not reduce. This 

may be observed in the cases of tertiary amy? and second- 

ary butyl alcohol in the data of Table lIB. In these det- 

erminations the iodine titration was appreciably less than 

on the blanks. As expected, the effect is more noticeable 

at higher temperatures. This offers another source of 

error and a good reason why analyses should be carried 

out at as low a temperature as possible (100° and 134°). 

The low results at higher temperatures are difficult to 

explain. From a study of quantitative results obtained 

it hardly seems that they can be attributed to the blank 

error due to thermal decomposition of hydriodic acid, or 

to the negative catalytic effect mentioned above. 

A careful examination of the variation in analytical 

results leads to pointed conclusions concerning the fact- 

ors that influence the ease of reduction. One of the 

primary interests of this research was in the possibility 

of distinUishiflg between the various types of hydroxyl 

groups. It was thouRht that primary alcohols should 

substitute, while secondary and tertiary compounds should 

be reduced to hydrocarbons. This presumption was found 

to be untrue, as is illustrated, in Table III, by hexyl, 

secondary butyl, and tertiary butyl alcohols. 
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In spite of these ajparent1y anomalous results, 

a enera1 explanation is set forth. For this purpose 

j_t may be postulated that the functional groups adjacent 

to the hydroxyis beine reduced are active agents in det- 

ermininß the ease of reduction. Although te problem 

was not investigated from this standpoint it may be stat- 

ed that hydroxyls with what the organic chemists have 

called "negative groups" on adjacent carbon atoms are 

easily reacted upon by hydriodic acid. If "positive 

groups" are adjacent the hydroxyls react less readily. 

This hypothesis was developed from a study of the 

hydroxyl content found in the analysis of different corn- 

pounds, but it is upheld even better by a consideration 

of the number of hydroxyl groups found by reduction and 

those found by substitution (Table III). It is to be 

remarked, from the data, that polyalcohols show high re- 

duction values. This can be attributed to the large 

number of adjacent hydroxyl groups.. The reduction 

apparently stops after most of the functional groups 

have been replaced by hydrogen. The effect of the phenyl 

group is illustrated by benzyl alcohol, for which high 

reduction and low substitution values were recorded. 

andelic acid is somewhat similar in structure, but con- 

tains a carboxyl group in addition to the phenyl group. 

This comoound gave almost complete reduction and no 
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substitution. The case of phenolic hydroxyls is even more 

marked, since these groups are somewhat acidic themselves. 

Some reaction takes place with 2-OH-l-4 dimethy1benene 

and it is all reduction. The data on the hydroxy acids 

gives some suggestion of the carboxyl effect, while the 

aldehydes in mannose and glucose may aid in reduction of 

adjacent hydroxyls. Satisfactory analyses were obtained 

on all compounds of the types mentioned above except the 

phenols. Although the simple alcohols can be determined 

by their hydriodic acid reactions, they fit in with the 

generalizations. The primary derivatives are not reduced 

at all but are completely substituted. The secondary and 

tertiary alcohols exemlify the effect of positive groups, 

substitution being prevented to a great extent. 

A compound that would seem to be of a borderline 

nature is threonine. This substance was found to be dif f- 

icult to reduce, probably because of some antagonistic 

characteristic of the amino and carboxyl groups. Such 

reaction as took place, however, was reduction and not 

substitution. With the higher temperatures the amino 

group itself apparently was reduced, a reaction that is 

not surprising if the negative groups on each side tend 

to increase the ease of reduction. 

The varied results on tartaric acid are due, per- 

haps, to side reactions in which the carboxyl itself is 
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attacked. The reason for the resistance of inositol to 

reduction is not obvious. The first step, substitution, 

may require a primary alcohol croup, and such is not 

available in inositol. 

In a few determinations the results obtained were 

too hih. These were on benzyl alcohol, ethyl benzoate, 

threonine, and tartane acid. (These data were marked 

in Table III) In the first two compounds, hydniodic acid 

very probably was added to the benzene ring, while reduct- 

ion of groups other than hydroxyls probably accounts for 

the results on threonine and tartane acid.. 

It was thought, in the beginning of this research, 

that the hydniodic acid reaction might give some indication 

of the structural relationships of hydroxyl groups in poly- 

alcohols. This question has been largely covered in pre- 

vious discussion, where it was considered that the prox- 

imity of functional groups was the controlling factor in 

ease of reduction. Applied to polyalcohols, it follows 

that compounds with the groupn5 RCHOH.CHOHR would be more 

easily reduced than compounds of the type RCHOHCH2CHOHR. 

No good examples are given in the data, the nearest approach 

being a comparison of o(@dihydroxy butynic acid and @hydr--- 

oxyrbutyrolactone. The acid should give a hißher re- 

duction value, since it has three adjacent negative groups. 

This was found to be the case, though the situation is 
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complicated by the presence of the lactone. 

One of the original reasons for the use of three 

temperatures for reducing was concerned with the possib- 

ility of selective reactions. Only two reasonably clear- 

cut examples were obtained, OHybutyactone and threo- 

nine. In accordance with the previous discussion, the 

arranSement of positive or negative groups caused little 

or no reduction at 1000, an increased amount at l3f°. 

The last two compounds listed in Table III were 

included to illustrate application of hydriodic acid as 

a quantitative reagent for other croups than hydroxyls.. 

From the excellent results given by crotonic acid it 

seems probable that the method described in the present 

paper could be used for the microdetermination of unsat- 

uration. 

The reaction of ethers with hydriodic acid is usual- 

ly represented in textbooks as follows: 

R-OR+HI >ROH+HI 

It has been mentioned in the literature by Earl and Kenner 

(5) that the above simple equation is not accurate, but no 

study has been made of the deviations.. It is clear, from 

the lar5e amount of hydriodic acid used up by butyl ether, 

as shown in experimental data, that the side reactions are 

of importance. 

It is possible that the experimental method could be 
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applied to the analysis of nitroso compounds, and boino 

and chioro derivatives. No experimental data were ob- - 

tamed on any of these types of substances. 
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SUMMARY 

(1) A quantitative method for the micro determin- 

ation of hydroxyl groups was described. The sample size 

was decidedly smaller than in micro methods that have 

been described in the literature. The method depends 

upon the analysis for the products of the following re- 

actions: 

ROH + HI RI + 1120 

RI+HI >RH+12 

Results on fifteen compounds varied from zero to 

four percent low, with an average of two percent low. 

The hydroxyls of some compounds, phenols, secondary and 

tertiary alcohols, inositol, and tartane acid, could not 

be determined by the method described. 

(2) A general explanation was offered for the vari- 

ation in reactivity of hydroxyl groups toward hydriodic 

acid. It was found that negative groups on carbon atoms 

adjacent to a hydroxyl promoted high reactivity of the 

hydnoxyl. Some selective nature in the reductions was 

explained upon this basis.. 

(3) A discussion of the stability of hydriodic acid 

and its use as a quantitative reagent was presented. 



(4) Some sugestions were made concerning the 

application of the micro method to other groups than 

hydroxyls. A mutual interference in the determination 
of these groups was noted. 
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