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UTILITY OF THE TET2A-ALKYL AiJ.ONIUj. BASIS 

Of the chemicals useful to man, none have found a 

more extensive use than the sikali metals and their comp- 

ounds. Every day chemists are discovering new uses for 

these versatile metals. 

Appsrently, one of the neglected fields of research 

is the extended investietion of the possible "synthetic 

alkali metals" as the tetra-1kyl ammonium bases or sub- 

stituted ammonia compounds are sometimes called. It would 

appear to be one of the masterpieces of scientific skill 
that men should discover method of making a etl-like 
substance from carbon, nitrogen and hydrogen. But having 

discovered these new bssic substsnces, the research army 

has passed on to more enticing fields, and we do not know 

as yet how these "synthetic metals" can be used. 

The first amine discovered was made from ethyl iso- 

cyanate by Wurtz in 1848. Hofmann followed with a brUi- 

iant research in 1850. His original paper on the tetra- 
alkyl ammonium bases appeared in Annalen (1851, 78, 266). 

Since Hofmann's method was to treat tetra-methyl ammonium 

iodide with silver oxide and thus obtain the bese, tetra- 

methyl ammonium hydroxide, it was infered by chemists every 

-where for nearly fifty yesrs, thet the cost of making the 

bases would be too great for them to ever be used comrnerc- 

ially. It remained for two English chemists, Walker end 

Johnston, (1) to revive interest in tetra-alkyl ammonium 
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bases in 1905. They showed that the use of silver ws 
not necessary in preparing these beses, end investigated 

the pure crystalline hydroxides. In 1911 (2), McCoy nd 

Moore demonstrated the metallic cherecter of tetre-inethyl 

by making its amalgam. 

The Purpose of this Research 

This research was undertaken for the purpose of in- 

pstigating the utility of the tetra-1kyl bases and some 

of their organic compounds. The work was divided into the 

following sections. 

1. A review of the methods of making the hydroxides 

with a viaw of finding a practical manufacturing method. 

2. Preparation of the salts of tetra-alkyl ammonium 

and the organic ecids end the investigation of some of 

their properties. 

3. Preparation of some of the soaps of the tetre- 

alkyl bases and an investigation of their' properties, 

for the purpose of discovering some of their industrial 

uses. 

If the alkyl groups from one to ten carbons were to 

be substituted fr hydrogen in amonia, the tertiary em- 

ines formed would have boiling points ranging from 3.5°C 

to 400°C. The lower ¡nernbers would have strong fishy 

odors, while the higher members would be odorless and in- 

soluble in water. By unitin tiìese tertiary amines with 
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the alkyl halides of the seme radicals, the salts of the 

tetra-alkyl Rm.onium bases could be macle. In alcoholic 

solutions the hydroxides are readily formed from KOH end 

and the KC1 is precipitated out. The preparation of the 

bases is just a point of departure. There are just es 

many salts of any one of these bases s there are of sod- 

ium or potassium. The alcohols up to five carbons are 

now available in quantities that make the manufacture of 

at enst five new bases seem practical. 

Synthesis of Tetra-elkyl AmmonIum Bases 

Hofmann and others reacted ammonia with the elkyl 

iodide to obtain the tertiary amine: 

NH3 -I- 0113 I CH3.NH2 / H I 

CH3.NH2 / CH3 I ----- (CH3)2.NH -A- H I 

(CH3)2.NH -I- CH3 I (cH)3.N -/- H I 

These reactions take pince simultaneously so that 

the result is a mixture of all three products and is hard 

to separate. The better way of making trimethyl amine is 

by the method of R. H. Schmitz (3) es improved by floger 

Adams and B. R. Brown (4). This method quickly gives e 

large yield of the tertiary amine, fron paraformaldehyde 

and ammonium chloride. -/- 3 T-10H 

3(H C1iO)3 -/- 2 NH4 Cl ---2(CH3)3N.HCl -/- 3 CO2 

(CH3)3 N.HC1 -/- Na 0H --<CH)N / NeC1 / HOH 
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There re many other ways of prepar1n the tertiary- 

alkyl-ammonlurn compounds but most of them cive mixtures 

or very low yields. Aside from the method used in this 
investige.tion (4), the methods showing cornmerci1 possibil- 

ities are catalytic methods in which the alcohol is 
heated with ammonia, and then with primary nd secondary 

amines at 300°C in the presence of metallic oxides. 

Having made the tertiary amines, they may be preser- 

ved in the form of the halogen salts until used to prep- 

are the base. These salts are stable at ordinary temp- 

eratures. 
The tertiary amine is freed fror its salt by NaOH, 

is condensed in a refrier8tin apparatus, and run into 

absolute wood alcohol at terriperatures below 5°C. Methyl 

or alkyl chloride is passed into this concentrrted solut- 

10 until the fol1owin reaction is coriplete. 

R ) I -/- R X ----3' ( R )4 N X 

The progress of this reaction may be followed by titrat- 
ion of the excess base until neutrality is reached. The 

solution should contain about 30 to 35 of the tetra- 
alkyl salt. 

Tue next step in the manufacture of the base must be 

under very careful quantitative control, or the final sol- 

ution of the base will be contaminated with either KOH or 

the hcicgcn stilt. The solution may be carefully assayed 
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for chlorides by N/lo AgNO3, nd the amount of cicoholic 
KOH required to just precipitate 811 the Cl as KC1 in 
the 8lcoholic solution may be c8lcultod. When the IC1 

has been fi.Ltered off, the alcoholic solution of the tet- 
ra-alkyl ammonium base should be froi 2O to 30% depend- 

Ing on the conditions. 

A Brief Reviev: of the Literature 

The methyl, ethyl, propyl and amyl hydroxides have 

been made. In 1888, two English chemists, Lamson and 

Collier (5) worked with these beses by the old rneth(s of 

Hofm8nn. They made the observation " thet the salts of 

tetra-alkyl ammonium had been ne1ected for about 40 years' 
In 1905, James W8lker and John Johnston (6), Cnrnegie Res- 

earclì Scholars, made the purified bases from elcoholic 

solutions by the KOH-process. They showed that there was 

no necessity for using silver in making the b8ses since 

KC1 was relatively insoluble in 8bsolute alcohol, and 

precipitated out about as well as AgC1 in a water solution. 

They suggested the general oqution: 
N(R)4X-/MOH ----N(R)4oH-/-MX 

Walker and Johnston crystallized out the pure methyl amm- 

oniurn ase in the for of the penta-hydrate. It had a 

strength in saponification of methyl acet8te of 9? comp- 

ared to NaOH taken e.t 100. This hase ws very soluble, 

220 grams diso1vin in 100 grams HOR at 15°C. 



It fused at 62°C, and manifested a heat of solution of 

2,120 calories per gram-mol. 

David C. Crichton (7), another Carnegie Schaler,, ex- 

tended the work of Walker end Johnston in 1907. He made 

the tetra-ëthyl anI the tetra-propyl ammonium bases9 the 

former crystallizing out as a tetra-hydrate and the latter 
as e hepte-hydrete. The tetra-ethyl base melted at 49°C 

and was extremely soluble in water. 

Sixty years had passed since the discovery of these 

new bases, their inorganic salts had been investigated by 

many physical chemists; their conductivity nd heat of 

formation was known yet they found little utility. Then 

physical chemists began to study the conductivity of salts 

in liquid ammonia, they discovered a curious thing about 

the tetra-inethyl ammonium radicel. It gave a blue color 

at the cathode,1ke sodium. 

In 1902, . P1mser (8), electrolysed tetra-methyl 

amonium halide salts in liquid emr.on1a and noticed the 

blue strie.e et the cathode. Schulbach and Fallauf ex- 

tended this resesrch in l9l (9). Tetra-ethyl ammonium 

iodide was electrolysed in liquid ammonia at 70°C. A blue 

solution was formed at the cathode, which was decolorizeci 

imrrediate1y by iodine to form the iodide. The same blue 

solution reacted with sulphur to form the sulphide. 

It was the opinion of these two chemists thet since the 
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solution became colorless at lox tenperstures, there must 

be association: 2 (N (C2H5)4) ----N(C2H5)4.r(C2H5)4. 

By 1910, Fr8nklin nc1 Kraus h?d developed whole 

system of chemistry in liquid ammonie, comparetle in many 

ways with the system in water that is so familiar. The 

tetra-alkyl ammonium compounds were among the interesting 

compounds studied by Franklin and Kraus. 

It was in 1911 that :ccoy and Moore(2) demonstrated 

the metallic character of tetra-methyl ammonium. They 

electrolysed a saturated solution of N (CH)4 Cl in abs- 

oluto alcohol with a Pt. anode and e Hg. cathode. They 

were astonished to find that after 30 minutes using 18 y. 

e stiff amalgam a))eared on the top of the mercury at the 

cathode. This amalgam was stable at 20°C, and manifested 

a solutio. tension comparable with potassium. Other in 

ytigatcrs have corroborated these results, and the indic- 

ations are that other metal-like substances will be made. 

The tetra-methyl amalgam reacted violently with water like 

sodium amalgam. 

In the field of Mo-chemistry, an attempt was made to 

make and use sone of the organic salts of the tetra-methyl 

amoniurn es drugs. Tetra-methyl ammonium oxalate was 

dueed under the trade name: "AlbiaCen" (10). Th dose 

was 0.005 grams per kilogram of body weight. The physiol- 

ogical action was suosed to be an increase of blood 
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pressure nd a retarded heart beet. It was used to sorne 

extein Europe. 

Tetra-methyl emmonum formate was introduced under 

the neme "ForCenin"(ll). It wes supposec1 to have phy- 

siological action sirniler to Digitalis. The dose was 

0.01 to 0.02 grams per kilogrem of body weight. 

The inorganic salts of tetra-methyl ammonium that 

have been investigated by the physical chemists are the 

iodide, bromide,, chloride, nitrte, ferrocyanide, per- 

chlorate,chlorate, thiocyanate, and several of the doubT-le 

salts. These are stable et ordinery tempertures and 

not aehygroscopic as the organic salts. The iodide, for 

inst ice, decomposes at 60°C. 



THE EXPEIINTAL PìOCEDURE 

Trimethyl Amine. This product was made by the meth- 

od of oer Adams and B. R. Brown (4). 417 gms. of powd- 

ered ammonium chloride and 1000 crams of paraformaldehyde 

were mixed end introduced into a five liter flask. The 

flask was heated on an oil bath until the reaction start- 

ed and then the hee.t was removed. After an hour, the 

mixture was heted to 160°C. for four hours. When e1lov- 

ed to cool over night, the dark liquid crystallized into 

a solid mass of long transperent needles of trimethyl 

amine hydrochloride. 

Tetra-methyl Ammonium Chloride. The flask was war- 

ed to melt the trimethyl amine salt, end strong Na OH was 

run in to liberate the trimethyl amine as a ges. The as 

was dried by passin it tì:rouh soda-lime tubes; conden- 

sed by means of a long spiral condenser packed in ice-salt 

mixture; and run into absolute methyl alcohol under ice. 

A second flask was set to absorb the as not disolved in 

the first flask. The gas was troublesome to work with, 

as the offensive fishy odor saturated the clothing and 

remained for days. 

Methyl chloride was now coducter1 into the trimethyl 

amine solution to form the tetra-methyl emr'-:oniurn chloride. 

Methyl ch'oride was macle by passing HC1 gas into the warm 

methyl alcohol in the presence of zinc chloride. 
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By titrating samples from the flask from time to time the 

progress of the reaction was followed until the base was 

completely neutralized. In passing in the methyl chlori- 

de, the gas was led through several soda-lime tubes to re- 

move the excess of 1-ICI. When the reaction was complete 

there was 852 cc. of a saturated solution in the main 

flask. The tetra-methyl ammonium chloride crystals sep- 

arated out in large transparent plates, but easily dis- 

olved on warming the flask. These crystals decomposed 

on heating to about $50°C. giving the strong odor of tri- 

methyl amine. An assay of the solution showed 76.9 

tetra-methyl ammonium chloride. The yield was 711 grams 

or 83% of the theoretical calculated from the amount of 

am:onium chloride used. 

Tetra-methyl Ammonium Hydroxide. 445.5 cc. of the 

852 cc. of tetra-methyl ammonium ch1orid solution vas 

treated with 752 cc. of alcoholic KOH containing 121.15 

grams of potassium. The potassium chloride came down 

as a heavy white precipitite in the alcoholic solution. 

The suspension was allov;od to stLnd four hours and then 

was filtered on a Buchner funnel. The precipitate was 

washed with a lIttle alcohol. The final filtrate meas- 

ured 1,197 cc. The solution was a Light amber color 

and strongly caustic. It assayed 21.18% tetra-methyl 

amonium hydroxide giving a yield of 253.6 grams, or 
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81.71 of the theoretical yield. 

Leter, the 406.5 cc. remaining of the originel sol- 

ution wes run over into the tetra-elkyl bese by the seme 

process and gave a yield of 78.56 of theoretical. 

The alcoholic KOH should not be red ts the resultIng 

solution of the bese will be red. 

Q.uelitative Reections of Tetre-methyl Ammonium 

With the fo1lowng reagents tetra-methyl ammonium 

hydroxide cives: 

Cu SO4 -- Licht blue cupric hydroxide and no complex. 

Not soluble in excess. Turns brown on stndiiì. 

Ni N0 -- Green nickelic hydroxide. No complex. 

Hg N0 -- Yellowish-crap precipitate, tinged with brown. 

Hg CL2 Yellow precipitete of HgO. 

Ag NO -- grown to black AgQ. 

Fe C1 -- A reddish brown Fe (oi-I). 

Fe SO4 -- A greenish flocculent Fe (OH)2. 

Al Cl6 -- White Al (CH), soluble in excess. 

Mn C12 White Mn (OH)2, not soluble in excess. 

Zn C12 White gelatinous Zn (OH)2. 

The tetra-methyl ion is precipitated 
by sodium cobal- 

tic nitraUe, perchlàric acid, anl 
fluosilicic acid. 

Thus the tetra-methyl ion reacts so:etLnes 
like Na and 

sometimes like K, hut never like NH. 
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Moleculer Constitution of Tetra-elkyl Compounds 

By reference to two experiments we may form an idea 

of the constitution of tetra-methyl &mrnonium compounds. 

Franklin and. Kraus ( 12 ) found that wien sodium was 

diSo1ved in liquid ammonia the solution was e good cond- 

uctor, with no visible products at the electrodes and no 

polarization. This was hard to explain. H. S. Fry (13) 

explains it as follows: The sodium forms a posbtive ion- 

Na - - - --' Na -/- e 

Since N1 unItes with H O H end H Cl - 

H 

i H 

H- 
t 0H 
H 

H 

H - N' 
" Cl 

H 

In emrnoni we may say that the nitrogen has one pot- 

ential posttive and one potential negative valence. 

H H 
-f 

-.---- 

H - N - H - N 

H H 

The a:nmonia could receive the electron set free from 

the sodium; its positive valence would be polarized, and 

the NH3 thUS becorie negetive forming a negative ion: 

NH3 _;1_ 
. ----:! NIi3 

If the ernonia molecule iz thus converted into neget- 

ive ammonia ions, the phenomena of the conductivity of 
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this solution would be explained. Sodium would be dis- 

charged at the cathode, but would redissolve and re.onize 

in the liquid amnonia. The ammonia liberated at the an- 

ode would regenerate ammonia molecules. When the co 

âctivity of these solutions was being measured, it was 

fou that solute and solvent 'eacted to form sodamide 

and hydrogen: 2 Na f132 Na.N 112 112 

Fry is of the opinion that soie of the sodium ions unite 

with the negative ammonia to form soda-ammonia, - undiss- 

ociated and a free radical : 

H H 
I 

I 

Na -/- N - H - - - Na - N - H 
I I 

H H 

Thus we would have tetra-valent nitrogen as in NO2, a 

free radical arid unstable due to the tendency of the N 

to revert to the normal by the gain or loss of electrons. 

This gives a very good analogy for a concept of the 

cocistituti.on of tetra-methyl ammonium compounds, nd ex- 

plains their unstability. McCoy and Moore (2) made their 

strange amalgams from tetra-methyl ammonium salts in an 

alcoholic solution. Under these conditions the tetra- 

methyl amTonium ion loses its po8itive charge and the 

nitrogen becomes quedrivalent: 

CH3 CH3 
( CH3-N - CH3 ) 

_1L. 
____;, OE-N -C113 

CH3 CH3 
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Thus Fry makes a good case for tetra-methyl ammonium be- 

ing a free radical. This conception lits the observed 

data very well. The tendency of the tetra-methyl ammon- 

ium radical is to lose an electron and become positively 

char8ed. When thus charged, it takes on the properties 

of a metal high in the electromotive series replecing 

such metals as copper and zinc. 

G. N. Lewis (14) indicates the probable structure of 

tetra-methyl ammonium chloride as follows: 

CH 
I. 

CH :N: CH : Cl 

CH 

Cli3 Cl is a ver' weak electrolyte, but when treated 

with ( CI-13 ) N, the resulting solution is a very strong 

electrolyte. The tetra-methyl anmonium is thus shown to 

be a compound of tetravalent nitrogen in which the nitro- 

gen shares two electrois with the four carbons of the me 

thyl groups. 
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!IANIJFACTURE OF TIlE TETRA-AET1lYL AI41IONIUM CO1POUNDS 

SOAP S 

Tetïs-uiethy1 Ammonium Linseed Oil So8p. 50 grams of 

pure linseed oil was sponified w!th 105 cc. of 21.18% 

(CH3)4N OH. The resuitin soap was yellowish-t'rown in 

color and neutral in reaction. There v'ss no odor of 

trirnethyl amine until after it had been stored In a warm 

place for s while . During the surimer months there was 

a gradual decomposition of the soap on the top of the jar. 
In twelve months the decompositirn had proceeded to a dep- 

th of three-fourths of an inch. Apparently a methyl 

ester not the fatty acids were liberated in the dec- 

ompositirm. On hydlysis, the ester gave the fatty 
acids and methyl alcohol. When the jar was opened there 

was a strong odor of trimethyl amine. Evidently, this 

soap would continue to give off trirnethyl ímine until 
completely decomposed. It gave a good lather; was e 

fair emu1sifyin agent; ave detergent properties comp- 

arable with yellow bar laundry soap; arid possessed e 

strong toxicity for insect life. It was apparently non- 

itjurious to plant life. It was soluble in alcohol and 

water. 

Tetra-methyl Ammonium Oleate Soap. 50 grams of pure 

oleic acid v;as saponified by 71 cc. of 2l.18 (dH3)4'T OH. 

The oeate soap was very much like sodiur olee te in 
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appearanceo . It gave good detergent velues and was sol- 

uble in bot1 water and gasoline. In its detergent prop- 

erties in gasoline it resembled ammonium oleFte. 

Tetra-rnethyl Ammonurn Olive Oil Soap. 40 grams of 

olivo oil was saponified with 62.5 cc. of 16.24 (CH3)4NOH 

The resulting soap was more like a potash soap than it 

was like castile soap. t was a soft brawn paste. It 

was soluble in alcohol and water, and gave good detergent 

va lue s. 

Tetra-methyl Ammonium Tallow Soap. 40 grams of tal- 

low was saponified with 77.4 cc. of l6.24 (CII)4N 0E. 

The resulting soap wa very much like yellow laundry soap. 

It was soluble in alcohol and water. It gave good aver- 

age detergent values. 

Tetra-methyl Ammonium Palm Oil Soap. 40 grams of 

palm oil was saponified with 61.6 cc. of l6.24 base. 

The resulting soap was greenish yellow, and gtve good 

detergent properties. It ws soluble in alcohol an 

wa ter. 
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The Organic Salts of Tetra-alkyl AmEonium 

A survey of the literature revealed that prectically 

all of the work on the tetra-alkyl ammonium coipounds was 

on the inorganic salts. The organic slts appear to 

have been neglected. It ws therefore decided to be of 

interest to make some of the organic salts and investigete 

some of their properties. 

Tetra-methyl Ammonium Formate. A solution of 40 

crams of pure formic acLd in water was neutralized with 

(CH)4N 0H; evaporated to a small volume on a steam bath; 

decolorized with charcoal; evaporated to e paste on the 

bath; and then reduced to a solid mess in the vacuum oven 

after heatiri for six hours at 11.0°C. The crystals wei'e 

transparent, rhombic, and very hygroscopic. The assay 

for nitrogen showed 9.o% which indicated the for:ula: 

( CHÖ )4N.0.00.H . 2 liOH 

Tetre -methyl Ammonium Acetate. A solution of 40 

grams of glacial acetic acte was neutralized with the 

base and evaporated to a small volume; deeolorized; and 

eveporated to thick syrup on the steam bath. It held 

water tenaciously so that it required six hours in the 

vacuum oven at 110°C. to drive off the last trace of 

water. The crystsls were rhombic and very hygroscopic. 

The dry solid assayed 5.47 nitrogen, which indicated the 

formula: CH3.00.0. N (CH)4 . 7 HOH 



- 18 - 

Tetra-methyl Ammonium Propionate. A solution of 20 

crams of propionic acid was neutrtlized with the base; 

evaporated to a small volurae; decoiarized; reduced to a 

syrup on the steam bath; and when allowed to cool it form- 

ed a stiff jelly. Under the microscope the jelly was 

found to be composed of long threads or filaments simil- 

ar to the potassium soap jellies. It rejuired eight 

hours in the vacuum oven at 110°C to reduce the jelly to 

a dry mass. It assayed 3.9 nitrogen. 

Tetra-methyl Aonium Butyrate. A solution of 20 

grams of syrupy butyric acid was neutralized by the base. 

After purifying and evaporating the residue was a firm 

jelly. A microscopic examination revealed the presence of 

filaments. After B hours in the vacuum oven at 110°C 

the residue still contained water. The temperature was 

raised to 120°C. which sliht1y browned the mass. The 

a1t crystallized fron alcohol in fan-like bunches of 

sharp needles. The brown pasty mass was dry bu very 

hygroscopic. It seems that these salts, like the bases 

crystallized by Crtchtori (7)) crystallize with varying 

amounts of wter of hyòration. When heated in vacuum, 

as the temperature is elevated they keep giving up more 

and mre of their water of hydration. This salt began 

to decompose at 140°C. It was soluble in alcohol, water 

and acetic acid. The assay for nitrogen gave2.967'. 
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Tetra-inethyl Ammonium Valertate. A solution of 20 

crams of pure valeric acid was neutralized with the base. 

It also gave a jelly when evaporated to a syrupy residue 
on a steam bath. It was reduced to a friable mass after 
heating for eight hours in the vacuui oven at 115°C. 

Under the microsco)e the je1r showed long filaments sim- 

ilar to ti-ic fi1a:r.nts of potassium soap jelly. The salt 
began to decompose at 140°C. It was soluble in alcohol, 
water and acetic acid. The assay for nitrogen gave 6.1. 

Tetrs-methyl Ammonium Oxalate. A solution of 0 

¿rms of oxalic acid 'tas neutralized with the base. 

When purifIed and evaporated down the resulting product 

wa a white hygroscopic crystalline mass. This salt 
crystallized from alcohol in thin plates, rectangular, 

with sharp corners and scjuare ends. After six hours in 

the vacuum oven at 110°C a fine white powder was produc- 

ed. The salt decomposed at 180°C. It was soluble in 

alcohol and water. The aSsay for nitrogen gave 4.7. 
Tetra-rnethyl Amnoniurn Tartrte. A solution of 40 

grams of crystalline tartane acid was neutralized by the 

hase. It ws vry difficult to free fro water. After 

being evaporated on the bath, and two six hour periods in 

the vacuum oven at 110°C. a friable c'ystl1ine mass. re- 

suited. It decomposed at 175°C. It di3ø1ved in water 

and alcohol. The asmy for nitrogen gave 6.8%. 
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Tetra-rnethyl Ammonium Citrate. This salt was made 

in the same way as the other salts, but it gve so much 

trouble in trying to reduce it to a dry powder free from 

moisture that it was not assayed. It was soluble in water 

and alcohol, and deco.ìposed at 150°C. 

Tetra-methyl Ammonium Benzote. An icoholic solut- 

ion of 30 grams of benzoic acid wa neutralized by the 

base. When evaporated at 100°C a hygroscopic mass of 

white crystals resulted. The salt was dried at 110°C 

in the vacuum oven. It was a white crystalline powder, 

soluble in water anJ alcohol containing 7. 3 ixtrogen. 

Tetra-mothyl ArnmoniurnCinnamate. An lcoho1ic sol- 

utio.i of 30 grams of pure cinnamic acid ws neutralized by 

the base. It gave up water with difficulty. The temp- 

erature of the vacuum oven was raised to 120°C when it 

came out of the oven a brown mass. It was hygroscopic, 

soluble in water and alcohol, and showed a nitrogen cont- 

ent of 5.17. 

Tetra-methyl Ammonium Geliate. An alcoholic sol- 

uton of gallic acid was neutralized with the base. 

After evaporating md drying in the vacuim oven at 110°C. 

for six hours a dark crystallne powder resulted. It was 

hygroscopic and diSSlved in water and alcohol with deep 

brown solutions. 
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Analysis of Tetra-methyl Compounds. 

After e fw prelimtnary experi:nents, it was deter- 
mined to essay these compounds for nitrogen by the Gunn- 

ins-modification of the Kjeldahl rrethod. The salts were 

so hygroscopic that samples had to be weighed in the 

absence of air. Four )ercent boric acid was used in the 

receiving flasks, and the absorbed amron1e was titrted 
with N/la 1101. The fo11owin are the tabulations: 

We1ht Cc. of Percent 
Salt Sample N/b ECl Nitrogen 

H.CO.O. (CH3)4 N. 2.HDR 1.4765 95.6 9.07 

2.3640 152.20 9.03 

1.8492 118.0 8.94 

, , 1.5660 101.7 9.19 

CH..CO.0.(CH?ìA N. 7 HOE 2.4190 93.4 5.41 

, 2.4365 

CII.CH2.00.0.(CH3)4N. ? HOE 1.0980 

, , 0.7688 

CH3.(CH2)2.CO.0.(CH3)4N - 1.1720 
? HOH 

0.7130 

CH3,(CE2)3.00.0.(CH)4N - 0.5000 
? HOE 

, 0.4940 

(C0.0)2((CH3)4N)2. 10 1-10E 1.7880 

, 1.8515 

0.6400 

94.4 5.39 
.zr 

2. .5 4.10 

26.6 2.76 

16.1 2.16 

21.5 6.02 

21.2 6.15 

60.7 4.69 

62.4 4.76 

22.3 4.88 
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Analysis of Tetra-methyl Compounds Continued 

Salt Weicht Cc. of Percent 
Sample N/lo HC1 Nitrogen 

(CO.0)2((CH3)4N)2. 10 HOH 1.6540 55.4 4.65 

(CHOH.CO.0.(CH3)4N)2.2 flOH 0.6875 43.7 8.89 

, 
, 0.9200 59.8 9.10 

CH2.00.O.(CH3)4N 0.5927 30.1 7.98 
C(OH).CO.O.(CH3)4N.lO HOH 
CH2.CO.O.(CH3)4N 0.3110 15.4 8.11 

C6 H5.CH:CH.CO.O.(0H3)4N 1.1050 39.3 4.98 

, 
0.7700 28.8 5.24 

06 H5.CO.0.(CH3)4 N. 0.7565 39.8 7.26 

0.5010 26.4 7.35 
, 



- 23 - 

Tabulation of Tetra-methyl Ammonium Salts. 

Solu- Temp. Percent Solvent 
bility of De- of for 
Gms.in comp. Nitrogen Crystel 

Salt 100 HOu C. Calc.Found ization 

Tet.Me.Am.Forrnate 195.2 1800 9.03 9.1 Aic. flenz. 

Tet.Me.Am.Pcetate 296.7 1900 54 54 

Tet.Me.Am.Propionate 190.3 140° 9.8 4.0 ,, ,, 

Tet.Me.Am.utyrate 232.7 1400 8.7 2.96 ,, ,, 

Tet.Me.Am.Valeriate 193. 1400 8.0 6.1 ,, ,, 

Tet.Me.Am.Oxal&te 165. 180° 4.7 4.8 ,, ,, 

Tet.Me.Am.Tartrate 376. 175° 3.3 g.o ,, ,, 

Tet.Me.Am.Cinnamate 61.6 130° 5.0 4.9 ,, ,, 

Tet.Me.Am.BenZOate 206.8 140° 7.3 7,4 

Tet.Me.Am.Gallate 140.7 130 - - ,, 

Conductivity of Tetra-methyl Ammonium S1t Solutions 

The formate, acetate and oxalate were selected as 

examples of thIs series of compounds. Eight-normal sol- 

utions were made of each of the salts. From these the 

solutions of uniform dilutions up to N/512 were made, 

and the conductivity of each of these solutions was taken 

by moans of a potentiometer. Tn determining the cand- 

uctivity at infinite dilution, 1/je was plotted against 

(C)0.5 and the best straight line extrapolated to the 

line of infinite dilution. Degree of ionizatinn=JL/jLO 



- 24 - 

Ionization of Tetra-methyl Ammonium Salts. 

Concen Specific Eçjuiv. 
i Decree 

tr8t- Conduc- Conduc- '/J,, x (C.&.)O Ioniz- 
Salt. ion tance tance 10-3 tion. 

Tetra- N/8 O.01ö9 111.1 9.002 .727 6ö.54 

methyl- N/16 0.0075 119.5 8.376 2.732 66.05 

ammonium- N/32 0.0041 L30.6 7.655 2.023 74.45 

formate N/64 0.0022 141.5 7.064 1.487 81.70 

N/128 0.0012 147.5 6.782 0.944 84.83 

JLI75"- N/256 0.0006 155.7 6.424 0.780 88.75 

N/512 0.0003 160.3 6.240 0.559 91.12 

T - N/S 0.0153 122.3 8.176 3.911 58.96 

methyl- N/16 0.0086 137.8 7.257 2.931 66.41 

amrr.onium- N/32 0.0047 151.2 6.660 2.166 72.36 

acetate. N/64 0.0025 162.1 6.171 1.592 78.11 

N/128 0.0013 170.5 5.865 1.15 82.18 

A0=2o7.s- N/256 0.0007 181.5 5.510 0.831 87.48 

N/516 0.0004 192.0 5.209 0.612 93.17 

Tetra- N/S 0.0232 197.6 5.060 3.852 52.57 

methyl- N/16 0.0135 215.8 4.634 3.672 57.40 

ammonium- N/32 0.0074 237.1 4.205 2.726 63.26 

oxalate. N/64 0.0041 266e1 3.773 2.035 70.51 

N/128 0.002 286.6 3.488 1.477 76.25 

j37O N/256 0.0012 305.0 3.277 1.091 81.17 

N/512 0.0006 326.7 3.071 0.797 86.62 
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Physical Properties of the Tetra-methyl Ammonium Snits 

The tetra-methyl arnronium salts are characteri:ecl by 

great affinity for water. When exposed to the air, the 

salts of the organic acids soon liquify. They are very 

soluble in watr and alcohol, and soluble in benzol. 

They are relatively insoluble in chloroform, ether, petrol- 

eum ether, and carbon disuiphide. Most of these salts 

are stable at ordinary temperatures vhen stored in dry 

bottles. Some slowly decompose liberating trimethyl 

amine. 

The salts of the fatty acids are soaps, and give gels 

like the potassium soaps. The soaps have average but not 

exceptioial emulsifying and detergent properties. 
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Possible Utility of Tetra-alkyl Arnmoiiurn Salts 

The tetre-methyl emmonium salts of orgenlc acids ere 

similar to the potessiurn and sodium salts in many doulo 

decompositions and reactions, yet they have their own 

peculiar characteristics. All are extremely hygroscopic. 

Theyabsorb water from the air faster than calcium chloride 

end son.e use might be made of this property. 

All reports of the biological action of these salts 

on the animal body indicate thEt they are powerful in 

their action on the heart and on blood pressure. Tetra- 

methyl ammonium formate has an action similar to Digitalis 

in that it stimulates the vascular nervous system causing 

contraction of the arterioles, end thus increasing arter- 

ie1 tension. Tetra-methyl ammonium oxelete is much more 

toxic than the formate. It retards the heart beet end 

increases blood pressure. The pharmacology of the other 

salts has not been published. The indications are that 

in the case of vascular stimulants for instance, where a 

salt of some organic compound is used, the tetra-methyl 

ammonium compound might be substituted for sodium; the 

resulting compound would probably be more soluble and the 

dosage would be reduced by reason of the enhanced physiol- 

ogical action. ifl general, the tetra-alkyl ammonium 

salts could be substituted for potassium or sodium salts 
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in any compound where the specific physioloica1 action 

of the tetra-alkyl compound would be helpful. 

Since the sodium fosi1icate has been substituted 

for sodium flouride as an insecticide, the use of tetre- 
alkyl ammonium fruosllicate is here indicated. It would 

be more toxic than the sodium salt end et not so toxic 

as to make it dangerous for large animals in the amounts 

used to kill bugs and beetles. The toxicity of the tet- 
ra-alkyl am onium is about equal to that of bismuth. 

Tetra-nethy1 Ammonium Soaps 

The soaps manufctured from the tetra-methyl ammonium 

base were linseed oil, oleic acid, stearic acid, olive oil, 
tallow, and palm oll.soaps. They were bland neutral 

soaps, not unpleasant in odor when fresh, and most of them 

stable at ordinary temperatures when fresh. Age, exposure 

to air, and elevated temperatures appear to start a decom- 

position in which trimethyl amine gas is liberated. This 

was noticble to sono extent with all the soaps, but the 

linseed oil soap decomposed the fastest. Tuìis of course 

eliminates these soaps from consideration in the field of 

cosmetics because of the offensive odor of the trimethyl 

amine. But tt also ver:; definitely indicates the posib- 

le use of tetra-methyl arn:.onium soaps es repellant sprays. 

These soaps showed just average emulsifying values. 
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DeterZent Values of Tetra-niethyl Amrnonium Soaps 

The method used in testina the detergent values of 

the soaps was that of Paul H. Fall (15). Fall begins with 

2 solutions of the soaps and tests the suspension power 

of different dilutiöns dov.n to O.O5. The tests ere made 

in 100 cc. oil-sample bottles. Insteìd of dIrt, mnan- 

ese dioxide of a uniform degree of fineness (No. 100) 

is used. One gram of the mancanese d1oxde is weighed 

into each oi1-saple bottle, and 50 cc. of the dilutIon 

of soap is poured in. The bottles re shaken for fif- 

teen seconds , and set a t tempere ture for four hours. 

With the pipette exactly 45 mm. below the surface, 2 cc. 

of the suspension is drawn off Into 25 cc. of e. solution 

of ferrous ammonium sulphate containing 40 rms in a 

liter of 6 N. 112 SO4. In tuis solution the manenese 

dioxide is reduced to manganese sulphate nd the ferrous 

iroi is oxidized to ferric iron. The excess of ferrous 

iron is then titrated with NIlO Permangnte in the usuel 

wey. The difference between the number of ces. of per- 

manganate used and a blank indicates the amount of meng«a- 

-.cse dioxide in suspension in 25 cc. of the soap sol-. 

atLot The amount per kilogram is then computed and thIs 

is taken as the "Mn02 Value' of the soap solution. 

Thile the difference in velues is not very wide by 

thIs method, the results do have practical significance. 



- 29 - 

"Mn02 Value" of Tetra-methyl Anìionium Soaps 

Dilution Cc. of InC4 Mn02 Value 

of' Samples Samples 

Soap Soap A B A B 

Tetra-ìuethyl 2.O 23.8 23.7 50.2 52.1 

Ammonium 1.4 21.5 21.4 90.5 92.1 

Tailow Sosp o.3 21.4 21.2 92.1 95.9 

O.4 21.3 21.2 94.1 9.5.9 

O.2 19. 19.4 127.6 126.8 

o.i;' 21.7 21.6 86.9 86.7 

Tetr8-inethyl 2.O 24.8 24.9 53.Q 31.2 

Ammonium l.4Ç 22.0 22.2' 90.5 92.1 

Olive Oil Soap O.8 21.6 21.7 92.1 95.9 

Q.4 21.5 21.5 90.5 90.5 

O.2 20.4 20.5 105.0 107.9 

O.l 21.0 21.2 99.5 95.9 

Tetra-inetny1 2.O 22.8 22.8 69.5 69.5 

Ammonium 1.4 20.6 20.4 105.1 109.3 

Palm Oil Soap 0.8 19.4 19 126.8 127.6 

O.4 19.0 19.0 134.3 134.3 

0.2 18. 18.2 146.2 147.0 

0.l 19.7 19.8 121.7 119.2 
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"Mn02 Velue" of Tetre-methyl Ammonium Soaps 

Dilution Cc. of !vIn04 Mn02 Velue 

of' Sample Semple 

Soap A B A B 

Castile Soap 2.0% 23.5 23.3 55.7 59.3 

(Sodium Olive 1.4% 21.5 21.4 90.5 92.0 

Oil Soap) 0.3 19.J 19.. 125.1 125.1 

0.4% 18.8 18.6 Li9.7 140.8 

O.2 18.1 18.3 149.8 146.2 

0.1% 18.6 18.8 140.8 139.7 

Comparison of Detergent Velues of Soaps 

Oil 
Soap 

Castile Soap 2.0% 

Tet.I.le.Palm Oil Soap 2.0% 

Tet.I,e.Ta11ow Soap 2.0% 

Tet.Me.Olive Oil Soap 2.0% 

(A) (B) 
Mn 02 Mn 02 
Values Values 

149.3 146.2 

146.2 147.0 

127.6 126.8 

105.0 107.9 

This corparison indicates that the tetra-methyl 

ammonium salts have about the same detergent value es the 

sodium soaps. The detergent values by the Fall method 

are slightly lower than Cestile Soap on average, but 

in drying the samples for the test there was a slIght 



- 31 - 

decomposition of the tetra-methyl minonium soaps. The 

actual detergent values undoubtedly compare very well 

with the sodium soaps. However, the tetra-methyl base 

will perhaps never compete with sodium and potassium in 

the field of commercial laundry and cosmetic soaps. The 

Increased cost of the synthetic base, and the offensive 

odor of its decomposition products preclude this. But 

the indications are very oocI that there will be a very 

practical use for these soaps as insect repellants. 

Tetra-nethy1 Ammonium Linseed Oil Spray 

The linseed oil soap was selected as the most promis- 

in as a spray material to be used as an insecticide and 

Rn insect repellant. It continually gives off the odor 

of trimethyl amine, vthich should be repulsive to all 

forrris of insect life that feeds on fresh tender shoots 

and creen leaves. It might not be to the forms of insect 

life that live on decayIng animal and vegetable e.tter. 

Trimethyl amine belongs to the series of compounds that 

result from the decomposition of animal matter and carry 

the repulsive odor of putrid things. Hence any compound 

that would continue to give off the odor of n triamine 

for a long period of time should be a goo-1 repellant. 

Since linseed tetra-methyl ammonium soap promised to be 

a repellant, a 2 solution in water was used es a spray. 



- ö2 - 

Practical Test of the Soap Spray 

In the following tests rose bushes were sprayed that 

were badly infested with aphids. The tender shoots and 

buds of the bushes sprayed were well coverec with the 

insects. 

April 2. Sprayed one-half of rose bush that was 

covered with aphids. Left the other half unsprayed for 

a comparison of results. Contact killed the aphids. 

A 2 solution in water was used. 

April4. No aphito be found on the sprayed half 

of tue rose bush. The unsprayed side was still covered 

with the insects. 

April 6. Still there are no aphids on the sprayed 

half of the bush. Unsprayed half still infested. 

A slight odor of trimethyl amine could be detected on the 

foliage. 

April 11. Still no aphids on the sprayed twigs. 

April 13. Diluted the spray one-half with water 

making a l solution an1 sprayed. the infeated half of 

the bush. The other half had been free from aphids for 

eleven days as a result of the spray treatment. Sprayed 

other rose hushes with the 1 solution. 

April 15. No aphids on any o' the sprayed bushes. 

April 18. No aphids ori the sprayed bushes. Still 

slight odor of trimethyl amine on the foliage of the 
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original bush. The spray pparent1y did not reterd or 

injure the plant growth in any wey. Sorne tender house 

plants sprayed with the 1 so'ution showed no ill effects. 

April20. No ephids on the sprayed hushes. Other 

bushes were sprayed with the 1% solution. The 1 solut- 

ion killed the aphids on contact as well as the 25g. 

April 22. All the rose bushes sprayed with the soep 

are free from aphids. Most of the rose bushes in the 

neighborhood were badly infected. On one bash, the spray 

ha been effective for twenty days. 

Y_2: The sprayed bushes are still free from aphids 

with the exceptions of two twigs which !niCht have escaped 

the sjDray. Several rains have washed the leaves since 

the tests began. Still a thin film of the spray seems 

to cling to the foliage. A dust storm which psisted 

for three days and some dry weather has not dissipated 

the repellant action of the spray. 

May lO. The sprayed bushes are still free from 

ephids though men3r of them stand by the side of bushes 

that have been infested continuelly during the past 

thirty deys. Apparently the spray has proven to be a 

repellant for aphids that will per3ist for more than 

thirty days. The odor of trimethyl amine could be det- 

ected ori the foliage for twenty days. Tetra-methyl 

ammonium linseed oìl soap is evidently an aphid.repellant. 



- 34 - 

How the Spray Works 

The efficiency of the tetra-methyl ammonium linseed 

oil soap es an phicide is probebly clue in part to the 

fatty acid iixture and in part to the tetra-methyl ammon- 

ium. WhEle oil sodium and potassium soaps vïlll destroy 

aphids but it is always necessary to spray again in a 

very few days to keep plants free from aphids. Hence the 

soap prepared fro:. linseed oil and this synthetic base has 

strong repellant properties. The fact that this soap 

continues to give off the trimethyl amine gives it a dec- 

ided repellant value. 

The decomposition that takes place in this soap is a 

sp1ittin of the soap into the methyl ester of the ftty 
acids and the gas trinethyl amine. These esters probably 

undergo a certain amount of hydrolysis, the fatty acids 

are set free and begin to oxidize like linseed paint, 

or the esters may thems1ves form an insoluble film 

which holds the soap on the leaves end prevents the rein 

from washing it off. The soap continuer to give off the 

trimethyl amine gas. Thus the spry pe3ists and is an 

effective repellent until completely deccrnposed. e 

gas trimethyl amine presists on any absorbent material 

for ten tc twenty days. It seeis to be easily adsorbed 

on the surface of almost anything. This in part accounts 

for the persistence of the offensive odor. 
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Method of Manufacture of Soap 

If the linseed and the fish oil soaps of tetra- 
methyl ammonium are found to be pratically useful as 

repellants, then an economical method of manufecture be- 
comes an immediate problem. The base m8de from ammonium 

chloride and paraforrnaldshyde would be expensive., though 

the alcohol and potassium chloride might be recovered s 

by products. 

Perhaps the most economical method would he to make 

the trilky1 aminesn electrical method direct from the 

alcohols; united with the alkyl halides; converted to the 

base and then made into soap. Sorne work has already 

been done in this direction and the problem offers no 

unusual difficulties. 

Further Research Proble;s 

If trimethyl amine proves to be an effective re- 

pellant and corrunercially practical; wht would be the 

action of the triethyl, tripropyl, tributyl, triamyl, and 

so on up the list of trialkyl compounds. Theoe compounds 

and their respective tetra-alkyl anrr:onium soaps gives a 

very interesting and promising field for further research. 

Also there are probably tetra-compounds of arsenic, anti- 
mony and phosphorus that may have value in this field 
of insecticides, fungtcides and repellants. 
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STJMIA iY 

1. The tetra-aikyl ammonium bases have been known 

for more than seventy years, yet no good use of any corn- 

merciai or industrial importance has been found for these 

interestiri compounds. 

2. The impression that existed for more than fifty 

years, that these bases could not be made without the use 

of silver oxide is proven erroneous. 

3. The tetra-methyl and tetr'a-ethyl ammonium rdic- 

als act like free radicals of tetra-vElent nitrogen. 

They f vpm am8lgams with mercury like sodium and potassium. 

4. The tetra-methyl ammonium radical hes e strong 

physiological effect in that it increases pressure. 

5. The tetre-methyl ammonium halide is made by unit 

:_.ing the etikyl halide with the corresponding trialkyl 

amine. Then the base i made by treating with alcoholic 

KOJI in an alcohol solution. 

6. The amount of potassium as an impurity in the 

soiutio when made by this process is practic&.11y nil. 

7. The tetra-methyl arí!nonium salts of the common 

organic acids were made and all were very hygroscopic. 

When reduced to dry powders they were white and crystal- 

line. They were very soluble in water, and highly 

ionized. 

a 
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Summary Continued 

8. Most of the cjua1it tivo reactions of the tetre- 
methyl ammonium rdicalG like potassium end sodium. 

Notable exceptions are its reactions with mercurous ions 
end with potassium and sodium precipitents. In some re- 
actions this rcdical se3ms mcre chernicaly active than 

either potassium or sodium. 

9. The tetra-rnethyl ammonium soaps are stable when 

fresh and at low temperatures, but begin to decompose at 
elevated temperatures. They have about the sanie deter- 
gent value as the sodium soaps. 

10. The tetra-methyl ammonium linseed oil soap has 

exceptional value as a repellent for aphids. The res- 
s-son for this seeris to be that the soap slowly decomposes 

on the plant leaves and stems forming a paint like film 

over a layer of soap which continues to decompose giving 

of' the offeisive odor of trimethyl amine. Thus the 

bushes are cotinuaily in a fog of the gas until the 

soap has completely decomposed. Usi:'g a 1 solution of 

this soap as a spray for aphids has revealed that a re- 

spraying is not necessary for more than twenty days, and 

perhaps for the season. 

11. Further reserch is indicated in tile field of 

the other alkyl salts of the organic acids; the other 

alkyl ammonium soaps; and in the soap ranufacture. 
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