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Separation and Identification of All Components in Polyamines

Toshiharu Takagi
Makoto Aiura
Keizo Nakamura

Naoto Kawamura

No report on the analysis of polyamines and their by-products in their manufacture has been published yet,

although many analytical methods for lower volatile amines have been investigated. One such analytical method

was established by the authors.

First, the separation and fractionation of all the components in polyamines were carried out by gas chroma-

tography. Then, the identification of each fraction obtained has been carried out by using infra-red spectrometry

and mass spectrometry.

From the infra-red spectra and mass spectra obtained, piperazine, N-(2-aminoethyl) piperazine, 1-[2'-(2"-

aminoethylamino)—ethyl] piperazine, N,N”-bis—(f~aminoethyl) piperazine, 1-[2’—(2"-aminoethylamino) ethyl}-

4-(2’—aminoethyl) piperazine, and N,N,N’—tris—(§-aminoethyl) ethylenediamine have been identified in addition

to polyamines.
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Table 1 Area ratio of each fraction of distilled TETA and TEPA
S — e
TETA Area ratio (Peak No.) —‘
Fraction| Dist. Temp. | 1 zl 4 5] 7 8'8’ 9 | 9| 10 11‘&Jﬂ Ml 15 hs
1 ~139.6 [0.02(0.82 0.35(1.34|8.29(1.41 32.50) 17.64/2.46 14.99 0.04
2 139.6~139.9 (0.01 0.07(0.02(0.34]0.21 *71.70 27.63 0.02
3 138.5~142.0 0.05/0.01/0.03 70.09 *28.26| 1.57
4 136.8~139.6 0.05 69.68 28.35 1.92
5 138.8~139.0 0.02 69.26 25.62] 5.09
6 138.6~139.1 0.03 68.19 23.02| 8.76
Bottom 0.09(0.24/0.05/0.21 0.13]0.06 34.13 7.67%55.97] 0.16/ 0.94 0.35
- I
TEPA Area ratio (Peak No.)

1 ~145 1.1
2 148~178
3 178~181 1.5
4 180~181
5 181~183
6 184~185

(11)

_— - 7 B

23.6 35.7119.3[150| 5.3
5.2 10.2 | 57.2 | 20.6 | 16.1
1.0 1.7 #72.4 [ 14.7 | 10.3
0.2 0.4]67.8(18.1]13.6

60.5 | 24.2 | 15.3
23.2 #45.8 | 31.0
1.6 | 41.7 k48.8 [#7.4
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Table 2 Gas Chromatographic conditions

for the collection

Column .........ccovens Stainless Steel
4mme x 3m Apiezone L. 15% +KOH 10%;

Carrier Gas ............ He 30cc/min

Bridge Current......... 80mA

Chart Speed ............ 10mm/min

Detector Temp. ...... 300°C

Injection Temp. ...... 300°C

Column Temp. ......... Peak No. 9 170°C
Peak No. 10 200°C
Peak No. 11 180°C
Peak No. 12, 13 200°C
Peak No. 14 220°C
Peak No. 15 220°C
Peak No. 16 210°C
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Fig. 1 IR spectra of various polyamines
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Fig. 2 Mass spectra of various polyamines
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Fig. 3 Mass spectra of Peak No. 4, 7
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Fig. 4 Fragmentation pathways of piperazine
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Fig. 5 IR Peak spectra of No. 7, 11
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Fig. 6 Mass spectra of Peak No. 7, 11
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Fig. 7 IR spectra of Peak No. 7, 10, 15
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Fig. 8 Mass spectra of Peak No. 7, 10, 15
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Fig. 9 IR spectra of Peak No, 7,9, 13
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Fig. 10 Mass spectra of Peak No. 7, 9, 13
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Fig. 11 Gas chromatogram of a polyamine
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Table 3 Gas chromatographic conditions

Column .................. Stainless Steel
3mm¢ x 3m Apiezone L 15% 4+ KOH 10%

Carrier Gas ............ He 30cc/min

Bridge Current......... 80mA

Chart Speed ............ 20mm/min

Detector Temp. ...... 300°C

Injection Temp. ...... 300°C

Column Temp. ......... 150~200°C (10°C/min)
200°C~ ( 1°C/min)

Sample size ............ 1021

Fig. 11 wi3/R& 7> » 72235, Peak No. 16 13 PEHA
THDH, bix PEHA it & X T\ 38450 Peak
No. 17 LI, \ & ¥ TORMIE - 1 b &0 R EksE
b, Table 4 WRT X5 (bW LELTW S DT
e b #EEIR S,

(18)

4. &3 U

DERVT IV S IOEEENIES®H AT n
RNTTT 4~ CHHER TN, OS5It h
B HIEEST U LD M — R AT X b & & 238
Dinditolce B DS INTES % HRAARINA
RZ MV BIVHEBASRY Moy b TEPA ¢
DE PG DILEHHIRIEAEETH - 1o

=7, ThETORERLDS, RV T IvnERT
L,

LEAT OV RbEY

2R T I URIVERT U VRMEE OBk

3.4 I V/RLEY
DILEYD KIGERY & LT HEbR5 & BB EhCw
Ho TLTAERICFNT, (1), (2) 3R LEk
D, WHMBEBHE LT (3) 04 IVRbAW, X
B £ DRMEADN FFFET 5 O Ty EHEE LT
%o

IHhETERRT 270y, HMERS TH D Peak No.
1, 3, 6, 8 12 © ZRHE DT, FABILZ 2T k)
CCHEAEREIZBORNWERETNETHS EELD
na,

X B

1) A.M. Dufhield, H. Budzikiewicz, D.H. Williams,
C. Djerassi ; JLA.C.S., 87, 810 (1965).
A.M. Duffield, H. Budzikiewicz, C. Djerassi ;
J.A.CS., 87, 2926 (1965).

2) Harry L. Spell ; Anal. Chem., 41, 902 (1969).

3) P.J. Hendra, D.B. Powell ; Spectrochim. Acta.,
13, 305 (1962).



VT SvRRBosMERE

Table 4 Estimated compounds after Peak No. 17

CioH2sNg 232

Pentaethylenehexamine

H,N(CH,CH,NH) 4CH,CH,NH,
Symmetrical diaminoethyl triaminoethylamine
HzNCHzCHzNHCHZCHZNCHZCHZNHCHZCHzNHz
CH,

CH,
NH,

Unsymmetrical diaminoethyl triaminoethylamine

HZNCHZCHZN(CHzCHzNH)ZCHZCHZNHZ
CH,

CH,
NH,
Symmetrical diaminoethyl triethylenetetramine
H,NCH,CH, /CHZCHZNHZ
NCH,CH zN\
H,NCH,CH,” CH;CH,NH,

Ci12H30N, 258
Symmetrical diaminoethyl] diaminoethyl piperazine
/CH2CH2\
NCHZCHZNHCHZCHZNHZ
NCH,CH,”

2 2

H>;NCH,CH,NHCH,CH,N

Unsymmetrical diaminoethy] diaminoethyl piperazine

/CH2CH2

HzNCHzCHzN\CH CH /N(CHZCHzNH) 2CH,CH,;NH,
2 2

Piperazinoethyl triethylenetetramine

/CHZCHZ\

HN /N(CHZCHZNH)3CH2CH2NH2
NCH,CH,

4-(N-Piperazinoethyl) triethylenetetramine

HzNCHZCHZNCHZCHZNHCHZCHZNHZ
CH

2

CH,
N
-
CH, CH,
CH, CH,
S~
N
H
Cia2H3;Ng 241
Bis piperazinoethyl amine
CH,CH CH,CH,
ung 2\NCH2CH2NHCHZCH2N< >NH
NCH,CH,” CH,CH,
Aminoethyl] dipiperazinoethane
CH,CH, CH,CH,
H,NCH,CH,N¢ 2 >NCH2CH2N< >NH
L N\CH,CH, CH,CH,
(19)
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