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A Re-investigation of the Structure
of 2,2’,2”.Triamino-triethylamine-
trihydrochloride

RITA GRONBZK HAZELL and
SVEND ERIK RASMUSSEN

Department of Inorganic Chemistry,
University of Aarhus, Aarhus C, Denmark

he structure of 2,2’,2”’-triamino-triethyl-

amine-trihydrochloride, “trenhydro-
chloride”, was reported earlier.! For lack
of computer facilities anisotropic tempera-
ture factor parameters were not employed
at that time, and it was anticipated that
further refinement might lead to slightly
changed dimensions of the molecule.

In fact later refinement including aniso-
tropic vibration parameters did lower the
R-value from 14 9% to 12 9% with no
significant change of atomic positions, and
it became obvious that some systematic
errors in the data prevented further
progress. It appeared that the weak,
visually estimated intensities had gener-
ally been overestimated although the
agreement between visually and photo-
metrically estimated intensities had earlier
been considered good.! The conclusion was
reached that whereas the visual data alone
were probably quite good, and the photo-
metric data alone were even better, the
scaling between the two sets of data had
not been successful probably because least
squares methods were not applied. It is
believed that the two sets separately
could have been refined to somewhat
lower R-values, but the temperature factor
parameters might have been different.

When an automatic diffractometer of
the Arndt-Phillips 2 type became available
to us a set of data within a sphere of reflec-
tion of radius sinf/A = 0.72 was collected
using Mo-radiation, balanced filters and a
scintillation counter with pulse height
discrimination. One fourth of the reciprocal
lattice was recorded, giving 6 equivalent
measurements for general reflexions. 675
independent reflexions were recorded. 156
of these had I < 2.5.0 and were left out
.of the refinements. The crystal was ground
roughly spherical of a diameter of 0.4 mm.
No absorption correction was applied.

The new data gave R = 8 9, when the
old parameters were used. After a few
cycles of block-diagonal least squares re-
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finement a difference Fourier map was
calculated which showed the hydrogen
atoms bonded to the carbon atoms at the
positions calculated and also showed some
peaks around the nitrogen atoms. Three
positions were chosen which gave reason-
able distances to the nitrogen atom and to
one another; these points were fairly close
to the lines from nitrogen to the three
nearest chlorine atoms. This arrangement

Table 1. Coordinates in fractions of the unit
cell; standard deviations X 10* in parentheses.
Isotropic temperature factor parameters U in

Az x 1074,
x ox y oy z oz u ou

a1y L2020 () L2021 (1) L2021 (1)
1, 4392 (1) 392 () -.4392 Q)
a1y L9315 (1) 9315 (1) 9315 Q)
N L7344 (2) 27344 (2) 342
N, 7540 (3) 47 () L0061 (2)
o L6570 (3) L6539 (3) 8114 (3)
<, L7295 (3) L6124 (3) 9267 (3)
Hyy o L1274 (30) L9228 (36) L2350 (29) 306 (104)
Hy, L0759 (40) 7803 (38) L1567 (35) 479 .(118)
Hy 3055 (45) 9326 (34)  .0962 (40) 539 (125)
Hay L1698 (31) 9490 (29)  .0328. (29) 187 (100)
n .2009% (34) 4292 (37) 1979 (35) 413 Q15)
H, 2830 (45) 4879 (38)  .2943 (47) 807 (177)
Hy L2550 (41) (5235 (38) L1712 (48) 639 (142)
Ant " ‘factor parame uyge dn A% 1074,

Y Y22 "l T Yy Y Y23
Cl; 441 (3} 441°(3) 441 (3) ~102 (8) -202 (8). -102 (8)
€1, 563 (4) - 563 (&) 563 (4} 5 (10) s (1) 5 (10)
Cly 598 (4) 598 (4) 598 (4) =227 (10) -227 (20) <227 (10)

316 (11) 316 (11} 3216 (11) 20 (20) 20 (20) 20 (20)
N 900 (27) S71 (20) 2380 (16) 51 (42) 2 (41) 96. (30)
(:x 527 (20) 513 (19) 506 (20) ~250 (42) 14 (33) 83 (38)
C, 482 (32) 410. (16) .'432 (19) 3 (29) 109 (29) 309 (27)

Table 2. Interatomic distances, bond angles

and torsion angles.

Uncorrected Corrected for.riding motion
assuming second atom "rides"
on first

Ny - Cp 1474 (4) 1.492

c =€, 1495 (5) 1.498

02, - “P 1.457  (5) 1.474

0y ~ Hyy 1.027 (37)

€ - H, 1.187 (42) Angles in degrees

'02 - H?l ©1.084 (46) cl - ”t' - Cl' 108.8 (3)

Cy = Hyy 0.967 (33) Ny =0 =Cp 1133 (3)

N, -'H  0.889 (38) 0 ~C =N, 112.6 (3)

N, -H, 0.911 (44)

llp - Hy 0.978 (45) Torsion angles in degrees’
Cl - “t - Cl -Cy -155.6

Np - 011 3,211 (4) Nt - Cl -C; - Np 60.7

N, -1, 32714 (3)

N, -0y 3451 (3)
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Table 3. Observed and calculated structure factors.

2R L e Femd hk2 hox1 reur B k1 Pobe Bk 1 yee peal
002 ko M3 010 8 33 1! 0.0 811 11 1M 298 506 510 31 6 132w
00 M 3938 3096 010 9 1% 1 180.00 & 812 359 2% 299 30 b S ez 603 1.
00 6 32 uB 01030 68 65 0.0 9 2 1216 1290 2 910  hsk b 512 332 M0 k.86
008 Xe6 30 01011 103 207 -180.00 8 9 3 85 %6 2 911 %5 b 513 STT CATR 1612
0 010 0 169 011 1 1029 115 . 9 & 218 285 210 3 ko5 13 683 698 76.28
0012 10 202 o 2 ° a1 95 225 20 210 & 533 » 1879 1862 ok,
0 01 H 904 01t 3 2% 33 90,00 9 & 109 209 2105 o . 367 303 209.6
1 1973 01 b 35 270,00 97 3 M1 210 h - 1075 1035 268.6
2 2010 2045 0115 129 119 270.00 s 98 20\ 535 210 7 55 A6 9 ka7 M 23
3 Beg8 9557 o1l 6 208 210.00 8 9 9 kyr Bl 210 8 568 B 610 M35 A% 2691
b 001 9% 011 7 1013 02k  270.00 910 224 284 210 9 55 4 611 266 385 157
Jou stk ou 8 32 270.00 .91 3% 381 21010 361 b 612 2w 2 20338
2085 2063 o1t 9 ﬁ 395 270.00 912 0 2% 211 3 B& M 613 221 W2 85T
028 3007 011 10 243 90.00. 10 2 3 TS 2 b M8 & - 1555 1& -8,
N7 215 270,00 011i1 0 1R 006 10 3 913 475 211.5 0% “ 19 197,97
1657 1765 %0.00 0121 T2 68 180.00 108 78 706 211 6 W09 . 2 E:g =29.78
0110 105 93 0008 012 2 15 R 180008 05 5T 21T 0 . 96 . 180,00
0111 65 &5 100 om 3 b 23 0w 106 &7 8 211 8 W 879 266 286 2T
0 11 18 & .0.008 0 o 8 o008 10 7 273 208 211 9 W0 & 710 355 303 920
0113 28 38 012 5 181 ® 008 10 8 T8 M7 212 3 s S 711 1035 1060 166,31
0 116 37 @ 270.00 012 § 3% 32 180.00 10 9 07 k70 2 . 200 335 as.bhe
021 75 7u 180.00 012 7 206 263 180.00 8 1010 260 173 212 5 200 . %2 6% 100.6
2 6 S8 0.0 012 8 126 26 0008 011 0 1% 212 6 b , R0 838 2304
3 a1 23 0,00 o 9 107 80 180,00 8 12 722 76 2 7 b2 » 608 53 -78.2
b U128 1M 180,00 0131 M3 513 % 13 959 1000 8 2k . = N &6
- 2 » 71 10,08 013 2 651 6 270,00 1k 1435 1% 3 361 . 636 &5 96.2
2 Mh 3578 180, 013 3 588 270,00 s LI 13 & M3 b 810 W3 A2 1952
2 12 129 180.00 e 013 b 1 % .08 16 231 213 12 135 1 hB1l 13 a8k 3981
2 TS 288 .00 013 5 266 362 400 a1 T e 229, 13 6 1% b 812 278 13 29356
2 627 66 0,00 6 I %9 .00 1L 8 296, 295 267.19 ik 3 267 N MmO 6
210 1788 1798 1%.00 7 267 61 2008 1 . 7 e » 0 16 18796 s
21 2\ .2 180,00 1017 ™ 0.0 1113 1 » 195 255 DT
13 1 55k 0,00 ‘2 o 16 180,00 o 111 5 2126 13 210 297 1649
13 293 226 0,00 3 %k 60 180.00 112 6 2k 899 s 158.25
o & & o0ws . & 0 199 000w 112 7 1029 b 910 665 97.26
1 T8 86 90,00 1 5 205 157 280,00 8 112 8 825 M 911 360 259 1M.01 s
2 1697 1833 90,00 13 am .01 112 9 5% k105 €13 2.6
72 1 2o 1 517 576 171.61 12 10 526 810 & 60 -87.93
3N m2l 270,00 ©1 3 3006 133, 12 1 55 M10 7 9%  gib  103.68
1Dtk 1352 270.00 1 & 2169 3 .. 12 12 ag M10 8 ko8 163.20
0 1770 1767 90.00 157 BT T3 A2 1 13 10 W8 1k BaSia
o A128  M676  270.00 16 @ 218 125, 1 35 81010 30 M2 5622
o 1056 1062 90.00 1 701326 1312 252 1 L3 266 a1 150 k2.6
0 128 185 270,00 18 7 2u5 125,55 1 5 6n (3 206 1L 708 .
0 310 M5 %5 9.0 19 1k 185 0.6 1 A e bk 1 % 126 392k e
0311 s M .00 110 987 1037 557 1 L1 22 w1 336 356 200,43
0 312 3% M 200 111 128 130 W98 1 b8 “Tuy b1 o 2% 160,
13 g1 12 270008 112 W6 -12.61 3 b9 1706 [$*3 52 5% 119.11
by 30 270,00 & 113 262 M3 6hi10 . 810 25k b 12 h2h 280 18]
1 162 0.0 116 281 115 2use n bl 360 b2 213 2% 15378
A2 367 N8 180,00 22 1% 1097 2361 W5 w1z o7 412 8 0 19.32 &
3 8% 160,00 2 3 U568 hegs  -T1.69 2 & 13 2% L13 5 30 375 167.%
& & 2608 2660 0,00 2 & 2k0 2u 119,12 2 3 1 24 136 322 33 W/Ba
hS 6 G5 000 25 19k 1811 265.01 22 b & 2575 5 1M 196 &
R et ] 2 6 122 198 -1b6d 2 5 1k 6 860 2,98
N P 0.0 27 166 1718 50,16 2 3 7 1013 9 496
s 8 T 1211 0,00 2.8 6 6B 1L 2 7 5Tk 8 Asy 216,42
&9 siv 579 180.00 29 o 811 75 2 [ 9 <b1.18
0 410 zu s 0, 210 209 23 20 22 9 10 232 170 243.08
0 &1 k% 0,00 FE I O 2 2 21 99 10 %27 1 120 169.76 »
0 M12 228 18 180.008m 212 . =264 221 146 1 81 12 215 308 163118
ok 8 391 180,00 213 W6 b 62 212 652 12 333 13 212 361 139938
o kil 180,00 & 216 608 657 1T7.. 21 1 1a o 2k2 !
o 1 M2 90, 3 2 5823 605% 1N7.53 FU— Y 01 7 1» 1121 -13.08
o 2 uer 1k .00 3 3 1559 1508 1kMo z U578 N603 5 1865 8 1 1 25,31
0 5 35 27 225 270,00 38 W Ner 20675 1 1232 6 6l 552 =9.89.
05k 25% 2519 2.0 33 @1 o g, 5 1613 1595 7 28 10 70 72 190
o358 2305 90,00 36 20;; 2106 ‘172,13 23 6 a5 1587 8 a;: 159 513 63
036 1 30 %00 37 1258 166 . 7 39 M 9 12 205 298 45558
o 7 ;z 53 270,00 38 125 1% A 8 7 R 10 m 6 201 1617 22,45
o058 17 =90,00 3 9 A¥é 135 -T1.15 9 101k 997 11 7 7219 395 3.6
05 9 g9 18 90,00 310 9% =50.59 10 588 12 n8 8 13k 1298 .69.12
0 510 313 399 270,00 311 %6 550 79.8 o bk e 13 "o 9 232 1% 189698
0 511 228 270,00 » 312 9 85 160 12 5% o6l 10 o 523 2568
0 51z 262 2 270,00 313 w0 30 552 13 2k 250 5 o3 3 ubas
0 513 kL M35 270,00 316 dr 38 52,03 2 31k b 4 6 1267 12 119 1856k
0 51 08 MO 20006 B2 2 312 -1689 2 k3 S kg 7% [ et
0 61 2698 “zhk &3 3z 3% 176,35 2 b b 315 3500 8 1298 7655 679 256,57
0 62 240 &b j60 180 W78 285 23 ik 9 ko7 8 561 118,06
0 6 3 100 45 1953 109 0.0 2 A 6 230 3146 10 9 59 940
0 6 b 60 b6 173 1% 18378 2 67 3k 3N 1 266 10 27 -76.66
o s 528 13 x 1048 1016 .27 . 8 12 n 353 215.09
0 6 & akks A 306 269 212,96 (%3 b 1076 2 76l <5586
0671 15 h 9 129 3R 10,6 & 10 s T9 550 1872
068 900 1810 k61 W29 -75.76 (3§t 6 63 8 513 533 23180
069 1299 1611 36 365 09 b 12 7 163 9 172 213 1205 s
0 610 363 1 k12 22 22 21748 M 13 8 693 10 18 7840 &
061 M7 1 A3 385 kOO 179.45 2 bk 9 b6l 10 6 h9y 553 145.90
0 612 o 1 157 205 17,058 253 10 612 10 7 M2 510 165.
0 613 2m 2 3061 193.29 25k 1 98 108 1% 129 25188
0 614 Mg 3 ls;z 1 2a7.& 2 5 12 Lok 109 5 539 208,0
071 128 o33k 322 355.60 256 13 16 w0 167,87
012 61 5 965 955 T5.2M 251 5 k6 1107 W7 200 1183
073 16 6 1786 1787 1576 258 6 1068 un 8 09 +53.85
o b 1867 l 3 ~69.51 2 9 7w 12 6 o 35 151,91 8
o 5 M9 765 ~88,01 2 510 8 ks 127 %g 634
o 6 9 ni .79 2 11 9 223 6 1005 W31
011 10° 1501 1488 .17 2 512 10 7k 7 o 221.77 8
0718 "o o1 L maze 2 513 n 221 8 B T 18
o 9 I3 12 863 BBk 3,06 2 3 10 & 806 9 26 1 17,8 &
0 710 0 13 11 255 17h6T s .2 Y 10 § W75 10 51 478 199.1
0 7i1 M v o 288 seee 265 10 6 25 1267 19 19138
0712 1% 2 32 -z 266 107 T 12 235 209 .2.98a
o713 0 3 273 2 53,57 267 10 8 59 7 k23 A2 elL
o 1 1k b 1072 1057 o 2 8 10 9 56 8 1% 182 T.ke
08 2 1%6 s 119 176 100 269 1010 1 9 686 .09
o i 93 [ 1063 177.¢ 2 610 . 1 s 5 10 0 33 Bk
o 398 1 a2 12.4 2 11 1n s 88 1n 1% 250,00 8
085 1% 8 o8 067 <2813 2 612 6 w3 7. 610 610 1067w
.0 8§, 310 9 596 613 267,13 2 613 17 16 8 76 T3
o 7 ::g 10 56k m 178,41 2 3 1 8 o 9 209 B 225,158
(3 8 1 1 k3 ~82.18 2 . 1n 9 o 10 183 1 1lble
3 9 ML 12 317 365 258.5% 2 b 12 & o 1 0 2%  T2.8va
0 810 1% 13 k2 M3 k78 2 6 12 5 7 91 3 136,82
o8n 1x 2 a8 217 195 211 126 3 9 8 M0 189.49
0 812. 210 3 975 W1 2178 127 e 59 T mz mace
o 1 %63 o155 1591 260.02 2 9 12 8 52 910 AT W57 a2,
o 2 201 $ 05 13T 3,61 2 110 13 & W03 10 7 52T M8 6135
o 3 13 6 02 210.10 2 711 13 5 221 10 8 63 197 180,00 8
o N 2k 7 st k33 A2 2 712 13 6 [ 10 9 - 200 79.18 »
o 5 5 8 6T BT .ok 2 5 Lo ] 17 6 28 18,0
096 i 9 60 659 1%.59 20k 4 b5 2018 18 33 31 60.8s
o 7 a7 1710 951 92 B0y 2 5 kb6 My 7. 538 5A6 198,
098 18 1711 221 208 2.9 s 286 BLT NS 8 1Y 398 16513
099 Wb 1712 39 26 5058 287 S4B 1058 9 ko 353 Mok
0 910 W6 1713 W1 2tk 020 288 'y 9 728 10 hw w07 217,35
o9 5% 182 80 7 Tom 289 K oX10 326k 1153 310 «=20die
0 912 1% 1 at8L 2762 11317 2 810 boh1L 510 8 6 162,68
010 1 7 184 otk 176,79 2 811 b okaz 9 35 130 2e2es
010 2 1 185 17 6,22 2 812 b M1y 2 10 33 k3 G0
010 3 0 1 [3 708 k.G 293 b5 5. 10 B 376 328 6k
010 & A% 187 91 910 16945 29 b5 & 306 9 210 2% B0
010 5 51 188 662 196.% 2975 457 97 108 2% T 61998
010 6 Ao 189 3% %9 S 296 38 B 8 709 663 175.25
010 7 5% 1810 S 559 67,08 2497 a5 9 1000 9 251 298 Shske
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gives an approximately staggered con-
figuration around the C—N bond, and the
hydrogen atoms all appear at small peaks
in the difference map although other peaks
of at least similar height can also be found,
especially close to the chlorine atoms. The
R-value dropped when the hydrogen atoms
were inserted and further refinement
brought it down to 4.76 9%. Hydrogen
atom coordinates and isotropic tempera-
ture factors were allowed to refine but all
stayed close to the values at which they
were inserted.

The standard deviations from the count-
ing statistics, o(F?)count» Were found not
to account for all errors, but had to be
modified by a term proportional to the
intensity: o(F?) = o(F?)count -+ kF'?. The
weights for the least squares refinement
were then: w = 1/(cF)%

olf? = VW)—F;

the constant %k (0.04) was adjusted so
that the average of w||F,|—|F.||? was
nearly independent of the size of F. The
programs used were G32 for the least
squares refinement, G4 ¢ for data reduc-
tion and ORFFE ® for correction of bond
lengths for thermal vibration effects.
Geometric and thermal parameters are
given in Table 1, bond lengths and angles
in Table 2 and structure factors in Table 3.
The difference between N;—C,(z,) and
Np—Cy(z,) is 0.017 A using uncorrected
distances and 0.018 using distances
corrected for thermal vibration effects.
We can reasonably assume that other
systematic errors influence the two bond
length determinations in similar ways.
The quotient ¢ = (x,—,)/0,? + 0,2} is
2.66. With 519 observations we assume
that the number of degrees of freedom is
infinite, thus the probability is only 1 9,
that ¢ should exceed 2.58. We can at this
significance level reject the hypothesis
that the two bond lengths are equal. Since
the primary nitrogen atoms are protonized
their N—C distances are probably a little
longer than they are in the free amine.
This supports the hypothesis that nitrogen-
carbon distances in aliphatic compounds
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are greater for tertiary nitrogen atoms than
for primary ones.

The C,—C, distance, 1.495 A, differs
significantly from the C—C distance 1.54 A
in paraffinic compounds. The contraction
which takes place in bond length when a
nitrogen atom replaces a carbon atom in
an aliphatic chain appears to effect the
carbon-carbon distance.

The mean of the four C—H distances is
1.07 A, ¢ = 0.05 A. This compares favour-
ably with a tabulated average of 1.073 A
for di-substituted carbon.® The average of
the three N—H distances is 0.93 A,
o = 0.04 A to be compared with a tabu-
lated value of 0.99 A for N—H bonds
next to C—N linkages.® Although the C—H
and N—H bond lengths exhibit & rather
large scatter the difference between their
means is significant at the 5 9, level and
is in agreement with trends obtained from
more accurate methods.

Comparison with the earlier less accurate
determination shows that the new bond
length determinations differ from lo to
2.5¢ from the previous determination
using the earlier larger standard devia-
tions. The new standard deviations are
one fifth of the previous ones.
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