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ABSTRACT
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or the detorsinatlon of primary aliphalic azines in ‘'hie
presence of secendary and terllary anmines is described, The primary
anine 1s reacted with a complexine reapent containing cupriec chlorice,
salicylaldehyde and triethanclamine., The copper complex formed is ex-
tracted into 10% hexanol in toluene, The amount of copper in the
toluene laycr is delermined by.atomic_ahsorption spectroscopy., ‘This is
a measure ofl the prrimary anine in the sample. The method can be suc-'
cessfully applied to both monoamines and diamines as well as an amino
aleohol. Data for the analysis of several amine mixtures are glven.
The average siandard deviation is % 0.05% at the 2% level and below,

Anmonia, if present, interferes, but a correction can be made. Secondary

and tertiary amines do not interfere even when present at the 984 level,
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INTROLUCTIION

An organice compound is most oTten determined by the reaction of
its functional group, One closs of organic compounds which lends itself
to this Lype of analysis 13 the amines. However, it is frequently dif-
ficult to find a method vhich will detemine one type of aming -in the
presence of another, The problem is further complicated if the amine to
be determined is there as a contaminant rather than as a major component
of the mixture, |

In 1956 Critchfield and Johnson (3) proposed a new method for the‘
detemination of primary aliphatiec amines. This procedure is based on
thé.reaction of the amine with salicylaldehyde to form an imine which
complexes with copper in the presence of trietbanolamihe. This complex
is separated from its aqueous reaction mixture by ' exlraction with
l-hexanol, The copper pfesent in the hexanol layer is then detenqined
colorimetrically by reaction with bis-(2-hydroxyethyl)-dithiocarbamic
acid,

This method has some major advantaées. It is specific for primary
aliphatic anines even in trace amounts. Also, since within certain
limits the ratio of copper to amine in the complex is constant, one curve
of copper concentration (absorbance of the colored complex) versus the
conééntration of amine will apply for all amines determined. But.one
disadvantaée is the nunter of manipulations necessary before the actual
determination of the copper. lot only must the complex be formed and
extracted, but also an additional complex must bé formmed before the
copper concentration is determined. In addition, the second complex is
not specific for copper.

Since *he work of Walsh (27) in 1955, the use of atomic absorption




spectroscopy has made the determination of a metal, such as copper, -
easier and more specific, Atenic absoprption spectroscépy would offer
an alternalive method for the detemination of copper in the above
method, which would eliminate the formmation of a second complex and
thereby possibly improve the 5% accuracy claimed for it,

This thesis gives the results of the adaptation and‘modification,

of the method of Critchfield and Johnson for atomic absorption spectros-

copy.



HISTORICAL

The reaction of an aldehyde with a primary amine to Torm énvlmiﬁe
and water has been well known for many years, Asvearlymésvlﬂﬁé;.ééhiff:t
(?1) reported tﬁv ability of certain imines to fom métal-éhelﬁies: |

. B —

Both of these reactions have been used extensively as a méaﬁs_fofiéuali-'
tative and quantitative analysis of primary amines. The’maj§r_intérfé%-2
ence noted for thesc reactions has been due to the presence df_ammoﬁia_'
vhich undergoes similar reactions,

Duke (5) has oroposed a qualitative iest for primary.éminesbbasédf
on the formation of an insoluble metallo-organic complek when.anpfinary
amiﬁe is reacted with salicylaldehyde in the presence of _nickel (II)"
ion. In order to eliminate ammonia interference, he Sﬁbstituted>fhe.n
S5-nitro derivative of salicylaldehyde for the parent moleculé, _The_fest‘
reagent consisted of an agueous solutioﬁ of triéthanolamihe,lﬁ-nitfo4;:
salicylaldehyde and nickel (II) chloride., Frecipitation occurred'immed-
iately with a primary amine while  several hours were rcquireﬁ for reéé-"
tion with armonia. The test proved to be sensitive for cqncehtratidhs
greater than 0,02 l4; below this concentratibn, the precipitéte ceased té
be easily observable., As proposed,” the test was sﬁecifip for prhnary'
amines even in the~presence of amrionia, secondary aminesvof tertiary amines:

‘Frior to the work of Duke; Hawkins, Smith and Mitchell (7) had
proposed a quantitative procedure for primary amines based on tﬁeir
reaction with aldehydes. In thelr procedure, benzaldehyde was allqved to
react with the amine in a pyridine medium. The water produced_wéslsuhse--'
quently titrated with Karl Fisher rearent,  The precision and accﬁracy_A

of the method were reported as within 0.2 ¢ in most cases. Ho indica=-

tlon was made of any attempt to deal with ammonia - interference.
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HOWGVer. they'found no avpreciable interference froﬁ aliphatic-aﬁQi»‘:?
aromalic secondary amines and terliary amines.

Viagner, Brown and Peters (25) found the preceding mcthod uw—-'
satisfactory due to the componsatlon for or the cllmlnatjon of vatar
in the reagents. In addition, benzaldehyde was found to roact y0v) th -
sorte secondary amines producing erroncous results, By thelr methodg
the total amine present was determined by potentiometric titraiion;‘
Then the primary amine was allowed tq react with salicylaldehyae to.
form the imine, thereby eliminating the problem ﬁith benzéldehyﬁe. .
Since the imine formed was a very weak base, the secondary and tcrtlarJ
anines could be titrated torether and the primary amine éeuermlned bj
difference, The precision and accuracy of the method were found toqbe
0.7 %.

Ammonia interference was eliminated in the foreéoiné metﬁoé'by.
precipitation with cobalt nitrite. Secondary amino aléohols.were
found to react with salicylaldehyde but the additioﬁ product was'eaéixy
hydrolyzed on addition of acid and therefore did not cause an error.
when mixtures of primary and secondary amino alcohols were analyzcd,

The proposed reaction was :

OH OH o .
een t (HoCH,CH), N —> c’°\cu B
]
(o) I'\'-—lﬂ

CH,CH, 0 H

A third method was proposed by Johnson and Funk (9). The amine

mixture and excess salicylaldehvde were reacted in a pyridine medium,
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The unrcacted salieylaldehyde was titrated with sodiuvm methvlate using
elther phennl;hthal@in or thymslohthalein indicator. Again ammonia was
a non-c¢rréctah1e source of ervor due to its non-stolchiometric reaclion
with salicylaldehyde. Amino aleohols also gave non~stoichilometric re-
sults, partly due to the reaction of the secondary amino aleohols with

salicylaldehyde as noted ahove, The accuracy and precision of this -

“
e

wi

rethod were not well definpﬂ/but appeared Lo be in the range of 0,

Critchlfield and-Johnson (3) developed a method based on a modifi-
cation gf the qualitative test proposed by Duke.” They found the previous
method discussed to te unsatisfactory, either becauée of the toxic méter-
ials involved or because of the limited range of amines détected. A
colorimetric method was vproponsed in which the amine was reacted with
salicylaldchyde in the presence of copper (II) ion, 'The complex formed
was extracted into l-hexanol where the copper was détermined by its re-
action with bis-(2-hydroxyethyl)-dithiocarbamic acid to produce a com-
plex which could be measured colorimetrically at 430 mp,

Certain major advantages over previous methods were noted, Vithin
certain linits, the copper-amine ratio remained constant necessitating
only one calibration curve. The amino alcohols, vhile not having the same
copper-anine ratio, did give quantitative results, The extraction step
eliminated any interference from possible secondary or lertiary amine
products, ,

The disadvantages were the number of manipulations necessary before
the colorimetric determination, the non-specific behavior of bis-(2-hy-
droxyethyl)-dithiocarbamic aciﬁ towards metals, and the unusually large
blanks obtained. Ammonia did not react in a quantifative manner and there-

fore was a source of error. There was a 5 % relative accuracy for



those amines vhich reacted quantitatively.

The varied rcsponses of vrimary amines to the method 6? Critcﬁfiéldf
and Jonnssn were explained in a review of the melal cnmplexes §f Schéff
bases compiled by Holm, Lverett and Chakravorty (8). Thfée ge%erél
structnres for the metal conpleves were documented, | These stfuetnrfs.
gave two netal-amine ratios, 1:2 and 1:1 (Table I). Struétufe ”?ﬁ:wﬁuid
te typical of the alkyl amines while structure "B would'bélexpécteé fori
primary diamines and structure "C" for amino alcohols. - |

Also given in this review was a<propqsed mechanism for the complex
formation, This mechanism followed the procedure'proposéd by chiff.
and modifigd first by Duke and then by Critchfield and Johnéon.(Table*II);
The salicylaldehyde metal complex was formed first, then the brimary“
amine was added to form the final product, . The nucleoﬁhilic attack was
rapid, while the dehydration of the carbonolamine ihtefmediate_was tﬁe;
rate determining step. | .

Two other important structural features were noted. The bfid{ing
chains noted in structures ME" and "C" of Table I had to be at ieést>‘.
tw6 carbons long, Also the larger the alkyl group in struéfure  "AV
Eecamo, the more distorted the complex became, . The normal confiéﬁration
was planar. Branching in the.o(position to the nitrogen was particularly
distorting. This last supports the inability of Critchfield and Johnson
to gét quantitative results for primary smines of this iype. |

Another method for determining secondary and tertiarj-amines3in miy-
tures was proposcd by Critchfield and Johnson (1), This titration method
vas carried out in a chlorofora medium using bromeresol green~inﬁibator.
The primary amines were converéed to the imines with salicylaldehyde.

This type of blocking with an aldehyde was also used fy Silverstein (22)



Table I

Structure

R
I'A"
0, A
: =N’ ;N':-'
i \:B :

1 o= lMetal
"R = alkyl group

i« = bridging chain

Ratio
(tietal:amine)

1:2

1:1

1:1






in his colorimetric method for secondary amines and ty Strepikheev, -~
Zalikin and Chimishkyan (25) in their titration method for polyamines.
Kecently, Korerman and Sotnikova (15) used the reaction of sali-

cylaldchyde, copper (II) nitrate and a primary amine to determine Lotk .

aromatic and aliphatic primary amines, They analyzed the colored com= -

14

" .plex, after extraction into amyl alcohol, at 420 rm.

In 1974, Mitsul and Fujimura (17) used a reagent similaf tOjthaf‘
used by Duke, They filtered the precipitate formed on reaction wifﬁﬂall
primary amine and then determined elther the excess copper in the'fil;
trate or decomposed the precipitate with'ggtric acid and détermined>£hé
copper in it, In both cases they used atomic absorption spectrqsébpyw
to determine the copper, |

Ko additional work on the detection of primary amihes using tﬁe |
Schiff base formation, particularly the use of the iminé—metal compléxéé;

has been found.



FUUTFEERT

the first recorded obtservation of the phenamenon of atomice ab-
sorption was made by'hbolaston (207 in 1802, e noted that the solar
spectrim contained "dark lines" or wavelengths at which radﬁation

was atsorbed. In a scries of papers bepinning in 1840, Kircboff.anq
Punsen (10-11) explored the possibility of.using this rheneomenon for
aralytical determinations. However, actual instrumentation was not
preposed until Woodson's work in 1939. (29) It still remained an
oddity until 1955 and the work of Walsh. (27) At about tﬁis same timé‘
Alkemade and liilatz (1,2) designed a basic atonmic absorbtion svectropho-
tometer. Jince then, the use of atomic absorption has grown rapidly
to its current prominence as a fast, reliable means for the guantita-
tive determination of metals.

The principle of atomic absorption spectroscopy is relatiyely
simple, The energy required to excite an atom from its ground state
to its first exclited state is very specific and relatively insensitive
to Lemperaturé fluctuations. If a beém of a given energy (wavelength)
is passed through a fog of unbonded, unexcited and unionizad atoms, and‘
il the energy corresponds to the resonance line or excltation‘energy of
any of the atoms present, absorption will occur in proportion to the
numﬁér of those atoms present, (23)

The b;sic atomic absorption spectrophotometer consists of a radi-
alion source focused so that its beam passes through a flame onto a
detector, A schematic dlagram is shown in Figure‘l. (20) The sémple
is iﬁtroduced through a nebulizer which converts the liquid sample to
a fine mist, This mist is premixed with a specific proportion of fuel

and oxidant in the spray chamber, then forced into the burner head vhere
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it is rurned, The atomic vapor vroduced is sultable Ffor analytical woitc,
A hollov cathode tutre is renerally used as the source of spectral

enerey, The fine line ealssion spectrim necessary is produced in a
hollow cathode composed of the material whose spectrum is desirsd.
However, the emission spectrum of the gas used to Fill the tube is 2lso
produced, Therelore, care has to be taken that this spectfmn dqes not
interfere with that of the cathode. Arcon and neon normally are used
to fill the tuke., The cnergy emitted passes through the silica window
of the source and is focused via an optical system first on the flame
ard then on the monochromator, The monochromator is preset to "see".
only the emission lins ?F interest, The spectral Vand selected by thé
monochromator is converted -into an clectrical current by the ph5t0~
multiplier. In the case of the double heam optics, the oriyinal spe é
tral line is also "read" by the photomultiplier, Tﬁe difference belween
the original and final .= intensity is the intensity absorbed by thé
atoms in the flame. The current produced is amplified and displayed
either on a meter or recorder calibrated in absorhance units.'(lz).

The specific operating parameters for the Ferkin-Elmer atomic at-
sorpfion spectrophotoneter Model 205 B are given in Appendix I, (19)

An atomic absorption spectrophotoneter is designed for <ampl:s
dissolved in an.aqueous nediun. Organic solvents may te used but they
require some specific adjustments, The capillary tubé of polyvinyl-
chloride and some of the gaskets must he repléced with materials which.
will not decompose when exposed to organic solvenis. The fuel-oxidant
ratio must be adjusted to compensate for the flammability of ‘ﬁe solvent;

As nearly as possible the burning characteristics of the orranic solvent

should be like those of water, Ketones and aleohols: are satisfactory



e
Y

i

ot arcmatics are not.  the most commonly used ovrpanic solvent is methyl-

3

dsobutyl ketene., (18]

¢ ihe lhree slol or Dol'an burner head 1s use? Tor Lmprove? stabilily

f

A

i

i

‘and sensilivity. Because it has a wider flame, the enersy hean is en-
closed within the flame. The outer flames sweep airborne contamination

away from the inner flame thereby reducing flame noise. OSince the Flame

T o«

()]

is wide, the adjusiment of the burner head becomes less critical (18,24).

13
bl

the specifié operating parameterg for copper on the Perkin-Zlmer
étomic atsorption spectrophotometer liodel 305 B are givenfin Appendix IT(18)
ihe precautions indicated above may be unnecessary, since copper is ﬁrob-
ébly the most easily detected element, having a linear respnnse to hirh
absgrbance.

eddings and Kaiser (14)_have found the vrecision of atemic absorp;
Eion spectrophotometric analysis of copper to be 0.2 4, while Weir and
Kotluk (28) found it to be 0.51 %. These values are erpressed 2s tﬂe
pércent coelficlent of variation which is equai to'iOQ timeé the standard
déviation divided by the mean value. The range of copper concentrations
for which the values were deteimined was 10 to 20 parts per millien.,

This range is well above the detection limit of copper. This precision
ié not as good as gravimetric-or volumetric analysis, but it is acceptable

in terms of a typical colorimetric analysis,



b,
EXPERIMENTAL

Ihe procedure developed by.Critchfiela and Johnson for the Heteff  '
mination of primary aliphatic amines is givén in full in‘Appendi%~iIf;fi 
In brief, the amine is reacted with an agueous solutionxof'éalicyléldeﬁ'“
hyde, copper (II) ion and triethanolamine, The complex formed i$ ¢x5‘
tracted with l-hexanol. A4 colorimetric determination is’ﬁadéioﬁ thé.
reaction product of bis-(2-hvdroxyethyl)-dithiocarbamic acid ahdbthéz |
copper from the hexanol 1ayerf “

Critch#field and Johnson found it necéssary to purifytthe friefhanolfj
amine used in the complexihg rearent, In this work, triethénolamineifitﬁ-’
an actual lot analysis of 100,0 % was used. It was found ﬁnnecéséafy,to
further purify the triethanolanmine, |

T. Development of Procedure

In modifying the method to employ atomic absorptioﬁ, wﬂicﬁ waé fﬁei
purpose of this'work, the complexing reaction and'solvent'éxfréction;wéfc.
initially loft unchanced, The aliquot of the hexanol l‘ayer.vwa.s. diluted
to 50 milliliters with methyl isoﬁutyl keltone and the copper deterﬁined
bty atemic absorpticn spectroscopy. A tlank reading of 0.27 to O.°O’aﬁ;1
sqrhance units was found, The reprgducibility.of identical_samplés.was'
within 10, relative. | |

It was reported by Critchfield and Johnson that the‘substitutién of |
benzene for heyanoi would eliminate the blank reading.. For the pfeéent |
work, toluene was used instead of benzene. Béniene canﬁof'ké ﬁséé fof
‘atomic absorption spectroscopy because it has such poor burning‘éﬁar;-
acteristicg. “Thc substitution  of toiuene‘ for hexaﬁol elimihated-ény
. extraction of copbér into the blank; however, the relationshi;fhetveéﬁ:

copper and amine concentration was found to he non-linear near zero and



Timp
5.

reprocdueibility was erratic over the entire concentfation rangé.' §oh,?.
linearity was also observed by Critchfield and Johnsen when benzené ﬁéév
used as thé extraction solvent,

An attempt. was made to decrease the solubilityqufthéfcmmplex ih;
the reaction mixture by acidification,” The reaction anéléxtra¢§§on'4 
proved 1o be independent of pH (Figure 2). “A multisﬁep' éxfradtioﬁ.
using a separatory fumnel improved the extraction buf madé répfodﬁpié_
bility worse, since emulsions frequently failed to separate.

Mechanical shaking improved both the-extraction and the rcprbﬂﬁ¢i;
bility. The reaction vessel was changed from a 25 milliliter cylindéf'
to a 50 milliliter volunetric flask to improve mixing. Shaking time
was. found to be opthnuﬁ at 10 minutés.  However, the;fepfoducibiliﬁy :
of identical‘samplés was still not as godd'as that obtained bty aiﬁe£f t'
anol extraction, | |

Several mixtures of hexanol and tqluene were used in . an attempﬁ_fb
imprbve the sblubili@y of the complex. 4 1:1 mixture gave Qn apprgéisblo
absorbance rcading for the Elank;’therefére, smaller percenhageé of:hex-
anol were tried., A mixture of 5% hexanol in ioluene gaﬁe ﬁo reagéhi
blark but showed no improvement in reproducibility, prevef. a 10#_mi?~
ture of hexarol in toluenec gave the reproducibility éf' the pure hcxaﬁoi
extraction without any reagent blank. In fact, the reproducibility ac~
tually improved tov5ﬁ. This mixture was used for all.subséqﬁent.ﬂeter-
minations,

The use of a toluene~heranol mirture did not eliminate the ﬁbn?
linear behavior of the method as the amine concentration apprdached ﬁero.
A minimum of approximately one micremole df primafy'amine was-requiréé

to reach the range of lincar hehavior,
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The maxinmu anount of amine which may be determined is influénccd
éy three factors: (1) the concentration of copper in the reagent,

(2) the marked deterioration of the reproduéibility of the extraction
;f the complex for quantities greater than 10 micromoles of amine, and:

(3) the loss of lincar response for copper by the instrument above 0.6
;bsorbance units., (Figure 3), Of these, nunber two is the 1im1ting

: fiactor.

% In the development of the complexing reégent by Critchfield én&
QEhnson, a study was made to determine the optimum copperfconcentratiqn
for the rcarent, A similar study was made using thé proposed procedﬁre
(figure 4). The concentration of copper used by Critchfield and Johnéon
Jas found to be satisfactory in this work. However, it became Qppareni
#haﬁvat least 0,05 grams wmore CuCl, . 2 H,0 could be sdded to the cém-'>l
. piexing £eagent without the formation of an insolubie precipitate bee'
t%een copper and salicylaldehyde. An attempt to use this data to cél—
c%late a copper aminq ratio for the complex formed failed té give any
fcsults which could be explained,

Critchfield and Johnson indicated that the complexing reagent was
stab;e for at least a month, It was found, however, that if the rearent
was prepared fresh daily the erratic results sometimes obtained for the
highgr molecular weightramines ceased.

k II, Procedure -

The new procedure with the noted modifications is as follows:
Ffepare standards and unknowns in the same manner, Use at least three
sfandards between one and ten micromoles of amine, To each 50 milli-

_ liter volumetric flask, add two milliliters of complé;dng reagent,

This reagent contains 15 milliliters of triethanolamine, 0.5 milliliters
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of salicylal@vhydc and 0.25 grams of CuCl, - 2 H20 diluted to 100 milli-
Liters with Jdistilled water. A4 ¥known amounts of amine'to three flasks,.
heserve one flasgk as a tlank, Yor each unknown add 5 milliliters of a =
water solution made by dissolvine or diluting the sampie to .an appioxi-
mate concentration of 0,05 mlllirrams per millillter for ithe primary
amine. Add enouch water to trine the volume of all flasks.to 12 milli~
liters. S*topper and mix. Allow to react for one hour at room témpera-_
ture., (The recaction time used was based on the maximun determined by
Critchfield and Johnson. See Appendix III.) After one h@ur. add exactly
15 milliliters of 10% hexanol in toluene to each flask, Stopper andA
shake for 10 minutes on a mechanical shaker. Allow the layers to sepé—
rate. Carefully withdraw S'milliliters‘of the orranic 1ajer, Transfer
this aliquot to a 50 milliliter volumetric flask and dilute to volume
with methyl isobutyl ketone. Run standérds and unknowns for copper_uéing
atomic abtsorption svectroscopy. Read the micromoles of amine in thé-un-

known from a plot of the ahsorbance of covper versus the micromoles of

amine in the standards.

III. Interferences

An important interference noted for the method was ammonia, Its
behavior was similar to that »f the primary amines., Sixteen ﬁicro-
moles of amrmonia gave about the same absorbance as four micromoles of
monofunctional primary amine. This relationship was. found 15 hold_

throughout the ranpge of the monofunctional primary amines used, This

i indicates that, contrary to the findings of Critchfield and Johnson,

- ammonlia interference could be dealt with by separate assay and correc-

tion techniques, The general curve for ammonia is shown in TFigure 5.

Secondary and tertiary amines show no reaction under the conditions

of thec procedure and therefore constitute no interference.
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V. Standard Curves

o

s also found by Critchfield and Johnson, monofunctidngl aliphatic»
primary amines rave the same general curve, indicating a gonshant.copé
per to amine ratio, Actually a first approximation of the primary-
amlne pregsent van be made using any of the gimple primavy amines es
standards. The general curve is shown in Figure 6 and fhé.data_from'
which it was plotted is given in Table III, One difference from the
findings of Critchfield and Johnson was noted--methylamine fell on the
general curve, Isopropylamine did not form an extractable complex,
vhich agreed with their findings. |

The general behavior noted above did not extend to the primary
amines containing more than one primary amine eroup orAto'ihe amino-
alcohols, Zach compound responded in a linear manner throughout thé
range but the slopes were quite dissimilar, The_regults for severgl_’
tifunctional amines are shown in Figures 7-9. Contrary to the findiﬁgs‘
of Critchfileld and Johnson, aminoethyl ethanolanine did notlform an
extractable complex,

V. Analysis of Uixtures

Since the purpose of the proposed procedure and that of Critchfield
and Johnson is to have a method specific for primary aliphatic amines
even in the presence of secondary and tertiary amines, a number of
synthetic mixtures of primary, secondary and tertiary émines were pre-
pared for analysis, VWhen the msthdd’developed in this work was applied
{n these mixtures, both accurate and precise results were ohtained.
In some cases the experimental ?esults.were 51ightly below the caleu-
lated results, This was erpected as the calculationglwere‘based on

100% purity, whereas the actual material varied from 96 to 99% purity..
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Takle I1IT,

Data for Monofunctinnal Prirary Aliphatic Amines

Amins Miecvraweles fysortance Units

Fethylamine 5,22 0,115
ALl 0,282

9,46 - 0.352

16,10 0.7~

Zthylamine 2.22 0.067
h.uu 0,132

6.65 0,217

11.09 Oo 37'!“"

Propylamine 1.9 0,048
3.38 0,112

' 5.08 0.17

8.15 0,304

Futylamine 1.37 Q,0L7
2.7 0,091

L.10 0,147

£.85 0,254L

Pentylamine 2.29 0,07°
5.73 0.157

11,L.7 0.9

Hexylamine ’ 0,99 - 0,009
1.98 0.070

Mgl 0,153

Isobutylamine N84

ococo
L] L ]
=N Q9
s ¢
I



3 O... . Q Q
.,W Jw ~ AUuCéJLO@Jd o m .
3 < . < )
e ! T ST T N~
R = | |
¢ RN :
P R =
i g ]
i i
EENEAN
-] “ R .
{ W,
! N
1
; .
, N
'
N
A \
. 9
N
™
u o
N .ﬁ
nh €
T hY <
m.r“.
2 ; N o
t: < oy
”.l i N p
| H !/ 3 mo
> ¥
N
< ™ et
S £
2 -
i +
An Ny
I [
| < a
1
o N
W A,
]
M ~
|
_— d, -
i
[




aMming

3

les

mitrom o

2

O . C T ‘o
o o . uog A0S o
o < < PIvugAeeqr & =
NN NN N : i “ K B
j— : il . N : -
o : i [ i | _I-N
o i P
i i i !
i
|
/V
/(
//
N
) //
N
™
N
N
N
/’
//
AN
RN
N
AN
(@9}
e 4
ooy £
;
! " Y
| Q) i N
‘e |
i i
i [ ]
_
iN i
k [t
_ ¥
T L
L [
1! [ 1
' ] ./w.
| Q
] 1 71T Q)
Lt SN
RN ] T Y
N oY ; N
[ ] t
o i
[ It AN
] N
; : o
i T
T
|4J — - —
.
| |
1 |




ISR UVRY) 4,wm\0rtoluurc .

o 8/ i 28 or - 8 9 _©
- 7 i | P 1 : PR
e " | i 7T
e . o !
o ‘ AT
: e
P
yd 0/°Q
. %
4 \\L
& ..
e 5
e , g
L pid J
020 ¢
(S
ol -9
)
O
P S
. 9
& S
[ ] 0¢0
= U 17 UJCEOA L1 \ !
prd |
’ 11 I
- [ il 1]
i 1] ] ]
e e e il T T
I ] [ IR
[ { | ERERENNE




ihe low results could also he caused by a difference in percent

recovery of the complex vhen exiracisd from the mixture and when
extracted from the standards. %The results are ziven in Table IV :
and Takle V. |

It should be noted that blarks for each mixture were.detetmined

and corrections made,




'Ia‘-‘l? I‘Jo
Ethylemine Mixtures
Ethvlanine in Diethylamine
Percent Fercent
Zlhylamine Ethylamine
Prepared Found
0.39 0.37 ' '
0,11 Average = 0,39 %
0,40 Standard Deviation = % 0,02
0.1 4 Coefficient of Variation = 5,1%
0.3 : L
0.78 0.72 -
0.76 Average = 0,72 % :
0,22 Standard Deviation = * 0,04 .
0.74 % Coefficient of Variation = 5.1%
0.79 '
0.82
1.17 1,17 .
1.13 . Average = 1,1€ &
1,16 Standard Deviation = ¥ 0,02
1.1° % Coefficient of Variation = 1.75
1.17 : '
Ethvlemine in Diethvlamine and Triethylamine
0,44 0.37 .
' 0.hk Average = 0. L2 7
0.43 Standard Deviation = ¥ Q.04
0.46 % Coefficient of Variation = 9,50
1.31 1.23
1.27 Average = 1,26 ¢
1.30 Standard Deviation = 1 0,03 -
1,25 % Coefficient of Variation = 2,43
2,14 2.03
2,05 hverage = 2,08 %
2.07 Standard Deviation =} 0,06
2.16 4 Coefficient of Variation = 2.9%




Tahle V.

sthanolamine lisrtures

B

Lthanelanine in Dicthanolamine

Percent Percent
Ethanolamine Ethvlamine
Frepared Found
0,44 0.l
0.45 Average = 0,43 ¢ :
0,43 Standard Deviation =% 0.0
0.40 % Coefficient of Variation = L, €4
0,74 0.5h : o
0.65 Average = 0,A7 §
0.6k Standard Deviation = % 0,06 .
0.76 4 Coefficient of Variation = 8,97
0.93 0.8L )
0.21 Average = 0,88 %
0.95 Standard Deviation = % 0,07
0.93 % Coefficient of Variation = 7.3%




DISCUSSION

As shown by the experimentél results, the proposed method.isispér
¢ific for primary alirhatic amines, even when they 60cur'aé‘é-hjﬁo£lééhé'
ponent of an anine mixture. It is é simple straight-fofwgra method're{
quiring approximately three hours of Taboratory time to complete s de~
termination., fThe major interference comes from ammonig, ﬁhicﬁ,ffquéntiy

Lo

exists in amine mixtures. However, 'corrections may be made fdf'ﬁhiézihe.
terference if the amount of ammonia present is known. Thg‘pfecisidh’ié
good as indicated by an average standard deviation of 0.04L % for velues
. of primary amine 2% or below. In most cases the theoreticéi value iSf‘
within one standard deviation of the averape Qalue obtain&d. E#cépfions
are believed to be the result of impuriﬁies in the materiél, whichigéxg
not taken intq account, .

The proposed method gave linear standard curves for ali'brlmérj:;
amines used with tve erceptions, Isqpropylaminé did notbform-an .
extractahle complex, . This was attributed to 1§ck of complex forﬁatiﬁn-.f
due to the steric hindrance\which”branching on the o carbon is known -
to cause, J4minotheyl ethanolamine also did not form an ektractable:com-'
plex. The polarity of the secondary amine groﬁp present in this @oiecuie
possibly made the complex formed more soluble in the aqﬁeous phase than
in the extraction solvent, | ;

Generally, these results represent an improvement over the'@eihod
of Critchfield and Johnson, TWhile the accurécy shows iitflé iﬁbfovemcnt.
the applicability is wider and the interferences fewcr. Amineéféon;
taining more than one primary. aminelgroup can be successfuiiy deter-

- mined by the proposed method, Corrections can be made for ammoria if

it occurs in .a mixture, - And only metals which form a similar complex
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such as nickel, would affect the results of the metal anélysis;

The alk&laminss from methylamine throurh hexylamine were found
to glve a standard curve with the same slopé and the same v=intercept,
The exception of methylemine found by Critchfield and Johnson did nat
neceur in the proposed method. Howevef, the.bifunctional_amines'did
give curves with different slopes, indicatinge a different c9pper to -
amine ratio. Thls was confirmed in the review of Schiff btases qu-~
piled by Holm, Everett and Chakravorty (8) and previously cited.
Their work indicated that while a bifunctional amine may form a
complex with a 1:2 metal to amine ratio, it may als§ form one with a
1:1 ratio. |

The individual behavior noted for each bifunctional amine aeter—
mined probably indicates an equilitrium mixture of the two complexeé
unique to that amine, This is further supported by'the loss Qf.linear
behavior noted for ethanolamine when an unexpected rise or drop in
room temperature occurs during the reaction time, & similaf_behavior
is not observed for the monofunctional amines. Another poésible ex=
planation, however, 1s the decrease of excess copper from six’'fold to
three fold when bifunctional amines are determined.

vhether the amine was present as the free base or as a hydrochlor-
ide salt had no effect on the results of the analysis. The presence of
a large excess of triethanolamine; which acts as a profon acceptér, in
the complexing reagent would explain this behavior, ItS‘presence-alsq
would explain the fact that aﬂjustmént of the samples to neutral or

acidic pH did not effect the complex formation,



L4

SUMMARY

The propnsed method represents a significaﬁt-modifigation quth§f.1.
method of Critchfield and Johnson for priméry aliphatic~aﬁinés{i W?th;h:
out 'a 1loss of accuracy, the proposed'hethoﬁ videns fhe éﬁépg énd de¥"
creases the interferences from thosé.of the previous meth@d; -

The subtstitution of atomic absorption spectroscopyvfofrcqlér-
imetry makes the analysis specific for copper and thereby ﬁinimizes:!
trace metal interference, It also eliminates the need for any reac-
tion except the original cemplex formation, This.répreséﬁfs a d§cfeéée
in glassware, time and operator error.

Changing fhe type of extraction solvent results‘ip a ;idergsppli—f
cability of the m‘ethoc}. Not only can amines previously found to res
spond to the method of Critchfield ahd Johnson be determined.,but.algof.r
at least one more diamine as well as the major‘interference'bf thé;if}
method, ammonia, This represehté aﬁ improvement., probably direcfly_:'
related to the elimination of the extraction of coppef by fhé_solvén£
vhen no amine is present, |

Precision and accuracy are good for this type of analyéis.'::ﬂofh 1
are comparable to and in some cases'beﬁter than thét.found by Critéhfield

and Johnson, The lack of any great improvement here indicates that.the

extraction efficiency is the limiting factor.
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USE 1/ x 174 IN. FEMALE FITTING *
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- (2.8 TO 5.3 kg/sq cm]) :
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& INSERT 990-3093 128 ¢T(38m)
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PLASTIC WASTE SOLUTICN
o TVESSEL

N T S

re

5 IN. {13 em) WATER ——

URMNER-
NEBULIZER

_J

LOOP TRAP

8 IN. {I15cm)
BIAMETER

" DRAIN TUBE

172 IN.
{L3cm) 0.0

1 INSERT 990-3094 12.5 FT.(3.8m) ) —_—
Flumbing Diazran

)



APPZNDIX II

Operatine Lata Tor Copper (18)
£ Pp

onerating Paramsters ‘ vPérkln—Elmer Tnstrument Scitines -
Instrument 503, ho3, 30€, 305 (4,B), 303
Wavelength=324.7 mm 325 - BV o

51it Setﬁing 4 (0.7 rm)

Light Source Hellow Cathode Lamp

Flame Type | Air-acetylene Flame

Oxidizine (lean, blue)

With multi-element lamps containing nickel or iron, a 0.2 nm spectral
s1it width should be used with the copper 324.7 rm line,

(The lamp used in this project contained iron as well as copper and
therefore the above correction was made,) '




AFPENDIX TTT

1

P"ethod of Critehfisld and Johnson (3)

Leacents, Cupric ch‘ﬂr*ﬂc dihydrate,
1=ligmanol, Corkide and Carbon Chenicals Co.
Salicylaldchyde, reagent grade,

TRILTHAuOL’VINS. Carbide and Carvbon Chemicals
Co. Distill 93% material under 1- to 2- wmm, pressure,
using a colwin 5 inches long and 30 wm. in diometer
packe? with 2-mm. glass beads and heated by ncans. of
resistance wire, Use a 3-liter, round —bottomed flask
Titted with a thermometer well, GStir the contente of
the flask by means of a magnetic stirrer, and do not
allow the kettle temperature te exceed 125°C. during
the distillation. - An absorbance of 0,65 + 0,02 for
C.372 me. of ethannlamine should be obtained by the
procedure deseribed below, when this material is used
to prepare the copper-salicylaldehyde reagent,

COPPER-SALICTLAL DIIYDE REAGENT. TInto a 100-ml
ss-stoppered produated eylinder measure 15.0 m
2distilled n*harolamnnc, 0.5 ml. of salicyl-
Ighyde, and 0,25 gram of curtic chloride dihydrate,
DllUuL to 100 ml, with distilled water and mix the
ncontents, This reagent 's stabls Tor at least
however, the TLa?tﬂu blank increases with ag

3

f

“_

\)
\"‘s

SIS(2-HYDROAYLIE YL ) UITHICCARRANIC ACID 1.»‘.@33&'.
Prepare a 2% by voluse solulion of carbon disulfide
in methanol and a 5% by volume solution of diecthanol-
emine in methanol. Prepare the reagent fresh daily

Ly mixing equal volwaes of the two components,

Calibration Curve, FPrepare a dilution of the pure
compound in distilled water so that a 5-ml, aliquot
contalns not more than the maximum sample size given
in Tabtle I, To each of Tive 25-ml. glass-stoppered
graduated cylinders add 2 ml, of copper-salicylalde-
hyde reagent by means of a pipet. Transfer 1.0-,
2,0~, 2,0~, and 5,0-ml aliquots of the above dilution
to respective 25-ml, graduated cylinders, *eserving
one as the blank, lNMeasure the absorbance of each
standard at b30 mfl, using l-cm. cells and a sulitable
qpkctrhplobometer,

Proccture. Add 2.0 ml, of copper-salicylaldehyde
réagent from a transfer pipet to each of two 25-ml,
Llass-htoppered eraduated cylinders., Reserve one¢ of
the eylinders as a blank, and into the other measure
an amount of sample calculated to contain not more



than the meximum amount of vrimary amine listsd Lo .
Ta%le T. The sample must not contain more than 0.01
mg, of ammonla or 0.5 sram of secondary and tertiary
anine, For samples of less than 0,1 gram use an ali-

quot of a sultatle aqueous dilution, Dilute the vcon--

tents of each graduate to the 10-ml. mark with dis-
t11led water, stopper, and mix thoroughly. Allow the
sample to react under the conditions specilied in
Table I.

After the reaction is complete, a-dd sufficient
1~hexarol to tring the tolal volume of liguid to
25 ml, Stopper the cylinders, shake vipcerously 15
or 20 times, and allow the lavers to separate, Add
5ml, of Lis(2-hydroxyethyl)dithiocarbanic acid re-
agent to each of two additional 25-ml, glass-siop-
pered graduated eylinders, In thls step it is im-
portant that the graduated cylinders and stoppers be
clean and vold of any metallie lons that react with
this reagent, Pipet 5.0 ml, of the hexanol layer
from the graduated cyvlinders in which lhe reaction
was performed to the graduates containing the di-
thiocarbamic acid reagent, Add the hexanol drop-
wise to prevent the material from c¢lingine to the
walls of the pipet. Dilute the contents of each
cyvlinder to the 25-ml, mark with methanol, stopper,
and mix the contents, Measure the absortance of
the sample vs, the blank at 430 mp, using l-cm.
cells, Read the concentration of primary amine from:
the calibration curve, '

. ‘.I:';Q .



ma™ T T VTRAMNTTEY oo nTATONT TOL o LTI A AT
TABLE T, ZEACTICY CCNDITICNT TCR DETIRMIVATION CF

Pptitdinptiiiissguirpiii) L RTAT MATHOD
N ) =
AMINES BY QUPPIR-SALICYLALDZENYOE AA_,.: D

: =20 SR i n
r-...xa_‘_‘,- b mila Ty
) - iyl s
Connound Amine, Ypg., Minutegd

ae .
A e R Y
AT
it e

Amincet 1,71 30 to A0
Neimine . 0.85 . 15 to 50
Amyvlami 1.20 15 to L5
Sutylamine c.70 15 to 40
Ethanolamine 0,50 15 to A0
Ethylamine 0.353 15 to £0
2-Zthyvlhexylanine 1,400 15 to A0
Zexylamins 1.12 15 te 4D
Iscamylanine 1.10 15 %o 45
ISO‘D’ a!x;’av..-.n{-: 0.40 6") to 120
Isctutyianine 0.50 15 te AC
Ts opropanslamine 0.40 15 to 60
Methylamine 0,70 15 to 60
Pro*ylamine 0.73 15 to 40
Propylensdiamins 0.L42 10 te 20c
& Reaction time at 20° 2o 30° o, unless otherwise specified.

€ Perform reaction at 980 +2° C. Use 5’)-1;. g;ass-stoppersd craduated cylind
do not stepper during ctic : S
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Ve o
AFTLINOIK IV,
ata for a Sample Lun
Lua §33
Lamps Fe&.  2303-6110 (‘wllow cathede)
Llement: Copper
Wavelength:  32h, ? rm
Slitwidth: "(O., )
UV or VIO: Ultra *i slet
el Setrinc: 5.0
Oxidant Setting: 10.5
Fuel: Acetylenc
Cxidant: Alr
Eurner Head: Ioling, three slot
o scale expansion
Run Identification: Ithylamine Mixtures
Sample | Composition
0 Elank
1 Standard (2.22 pm)
2 “Standard (4,085 pm)
3 standard {6.55 ym)
L Blank, Secondary mixture
< -
5 0.3%% mixture
6 0,784 mixture
7 1,174 miyture : :
8 " Blank, Secondary and Tertiary mixture -
9 0.8_)‘,',; ui“t&l‘()
10 *.,lw mizture
11 2.18% nixture
Sample Preparation:
Dilute one milliliter of -sample to 100 m:]lllltez Use a
? milliliter aliquot for reacticn.
Gtanlard Preparation:
. A . . . . + r
Use 1, 2 and 3 milliliters of a 100 ppm water standard of
ethylamine,
Lata for Graph:
Sample Abgsortance Sample ‘ Absorbance
1 0.047 7 0.125
2 0.1239 a 0.021
3 0.215 9 0.020
L 0.002 10 0,154
5 0.0L2 11 0,227
f Co
2 0.079
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- e T 3 .
Data from Crapa:

OF:1] }'1C { ’ 7 I‘l(_‘l"""!ﬂ‘:‘lcs . I."_‘t_(:‘gjr}jmoles
as Read as Correcled
L 0,1~
Z 1.3° 3,18
5 2.50 o .
7 3,95 3,79
2 ¢.15
9 2.55 2.50
- 10 4.25 L, 70
11 7.05 6,90
Calculations:
Sanple Total Tercent

Micrograms,

1.5520 0.3
15540 0.70
B 15740 1,08

=3 O™

O

15000 0.48
10 16120 1.7
1 16720 1

~my
o

B oy - e .
alcrograns

[0 BT
SE i
17 n A

bl e

171.99.

100,22

211.92°
311.12

=N

Found - % kdded

]
OO D

-
. il e XoRe]
ny O~ 0 o

1
OO0
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Aldrich Chemleal Co., Inc.
Nilwaukee, Wisconsin

E&A, Allied Chemical Co.
Iorrlstown, Kew Jersey

J.T. Baker Chvmlcal Co.,
Fhillipsbury, New Jersey

|

Zastman Kodak Co.
Kochester, New York

1"
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APPENDIX V.

Reagents

Learent,

Isopropylamine

Copper(II)chloride

dihydrate

Triethanclamine
(100,0¢)

Methylisobutyl-
ketone

1-Hexanol
Butylamine
Sthvlencdiamine
(100.5%)
Diethylamine
Tricthylamine
Salicylaldehyde
lHethylanine hy dro-
chloride

Gthyvlanine hydro-
chloride
Propylamine
Isobutylamine
Pentylamine

Hexylamine

1,2=-Fropanedianine
(907)

APﬁvsical'Data

MW, = 40, l] amu

Ko, o= 74,13 anu

RE,

()
Bl = 59 11 ann
Density = O 889 ?/ml

M;W,’= 170 119 amu

MW, =149, 10 amil :
Densitv =1, Lu,, r/m

3.14 amu _
=0, 72;1 g/ﬂ

Density = 0. 899 /mT

MuW. = 12/ 12 ari
Density = 1559 ¢/nl

M., = 31,05 ‘a.z'nu

MW, = 45,09 anu

M. = 59,11
Density =.0. 7]” Fﬁﬂ

o =
.
-3
S I
N
3
=)
=

MW, = 87,17 amm ]
Density = 0,755 £/}

MW, = 101,12 amu
Density = 0,766 ¢l

\
_ —

Density = 0.853 g’l
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APPENDIX VI,

Hiztures

Ethvlamine in ﬂ;ethvlaﬁine

Series #2: Ethvlamine

Reagents:

Reagents: Ethylanine - HCl 55.28 4 amine
Diethylamine 0.7056 g/ul
water, distilled 1,000 gﬁul
. iff'lv
£Es
Ethylamine +HC1 1.000 ¢ % Primary fmine = Q.)54u(1.000)
Diethylamine 49,392 ¢ 70,392
Water 20,000 g
’ = 0,78 % :
70,2392 ¢
i
Ethylamine .HC1 1.500 ¢ ¢ Primary Amine = 1,17 ¢
Liethylamine 49,568 ¢
Water 20,000 ¢
5
" ithylamine -+ HC1 0.500 g & Primary knine = 0.39 ¢
Diethylamine 49,921 ¢
wWater 20,000 ¢

in Diethvlamine and Triethvlamine

Ethylanmine « HC1 55,28 ¢ amine.
Liethylamine 0.%598 ¢/ul
Triethylanine | 0.7275 ¢/ml
Water, distilled 1,000 g/ml
© Ethylamine » HC1 0.1200 ¢ % Frimary Anine = 0,544 &
Disthylanine £.2820 ¢
Tristhylanine 7.2750 ¢
T ohaler 5.0000 ¢
12,7070 ¢
52
Ltliylamine ¢ HC1 L5008 ¢ Primary amine = 1,31 &
L. N . £~ Y -
siethylamine 6,2820 ¢
Triethylamine 7.2757% ¢
water ' 5.0000 ¢

X 100




e

WFPINDIX VIL {Conttdl)
P
slhplanine = 4C C.7000 ¢ G Primary Anine = 2.4 O
Diethylamine £.2220 & '
Tricthylanine TR0 &
Watler 5,0000 ¢
19.307C ¢
Series #3: Ethanalasnine in Dietbanolamine
:cagents:  Ethanolamine 1. OlcO g/l
Liethanolanine 1.0956 L/ml
H _
EZlhanolamine ‘ 1.1020 ¢ 4 Primary Amine = —0320. 2 7 100
Liethanolamine 02,557 ¢ , ' 109. 585k
, ; .
109, 5850 ¢ = 0,93 %
i? :
Ethanolamine 06,8144 ¢ ¢ Primary Amine = 0,74 &
Liethanolamine 1NQ, 7847 &
109,401 ¢
@3
. . ”
Ethanolamine 0.5090 ¢ ¢ Primary fAmine = 0,45 §
Liethannlamine 109.1157 ¢

1096247 ¢
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