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The expansion of n.m.r. chemical shifts of protons Induced by trls- 
(dipivalomethanato) europium, Eu(DPM) ,, and by other lanthanlde chelates is 
a subject of growing interest (l)(2). So far no such attempt has been made 
at nitrogen magnetic resonance shifts. Apart from possible practical applica- 
tions of such effeots to "(N spectral assignments, the results for '$ nuclei 
may throw some light on the nature of the interactions which induoe the 
shifts. Proton resonance spectra (2) suggest nitrogen lone electron pairs as 
Important llgands in the formation of associates responsible for the shifts. 

The results of " N resonance measurements for some organic molecules 
involving various types of nitrogen valence states are given In Tables I and 
II. While both Yb(DPM), and EuLDPM), (2) Induce paramagnetio shifts In proton 
resonance sp8otra, the former acting 2.09.1 times stronger with fivefold 
line broadening relative to the latter, the effects on the "N shifts are 
different, since Eu(DPY), induces a diamagnetic shift whioh is about 3 times 
as large as the Yb - Induced paramagnetlc shift. The induced nitrogen shifts 
extrapolated to an equimolar ratio of chelate to solute seem to be related 
to the basiclty of the nitrogen lone electron pair and sterio effects. 
Alkylamines and pyridlne show the largest induced shifts ( about -400 ppm for 
Yb, about +I500 ppm for Eu). The relatively large shift for pyrldine mey be 
due to sterlc effects since the planar molecule may offer the least hindrance 
to association with the chelate. The nitrogen atom with the lone electron 
pair which lies within the plane of the ring of N-•ethylimidazole shows an 
induced "N shift of about -200 ppm for Yb , and about +I400 ppm for Eu, and 
the effect on the resonance of acetonitrile is still smaller t about -1x) ppm 
for Yb, about +500 ppm for Eu). If the lone electron pair is involved in 
a delocalised n-electron system, like in N,N-dlmethylformamlde or the other 
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Substance 

l?o.20 

Table Bffect of Yb (DPti,-o Mo ’ e 0 lecules 

Pyrmliaine 

n-Propylamine 

Pyriaine 

Concentration Molar ratio 
in cc14 
(mole/l) 

Yb(DPbd3 
to solute 

12.00 (neat) 
3.86 
3.86 
3.86 
3.86 

0 

0.009173 

0.023182 

0.044788 

12.14 (neat) 
2.34 
2.34 
2.34 

0 

0.019400 

0.038701 

12.37 (neat) 
3.19 
3.19 

3.19 

3.19 

0 

0.020021 

0.037005 

0.057277 

12.62 (neat) 
N-Methyllmida~ole 

3.38 

3.38 

3.38 

Aoetonltrlle 19.58 (neat) 
3.08 
3.08 
3.08 

12.92 (neat) 
Dlmethylformamide 2.22 

2.22 
2.22 

0 

0.019202 

0.039558 

0 

0.017889 

0.037159 

0 

0.014008 

0.028171 

Chemical Resonance Induced 
shift ref. half-height shift for 
to internal width I:1 molar 
MeNO (ppm) (He) ratio (ppm) 

+ 345s 290230 
+ 3393 200220 - 410+20 
+ 33522 310+30 
+ 33023 380* 
+ 32123 590350 

+ 35921 8525 
+ 35521 110~10 - 340220 
+ 34922 250220 
+ 34233 360230 

+ 6322 175Jtzo 
+ 58s 170+10 - 425220 
+ 4922 310+10 
+ 4323 400+20 
+ 349 70090 

+ 221+IMMe) 1503 
+ 1233 325210 - lo+10 
+ 218+1(NMe) 125+5 

3oogo 
UMe) 

+ 116s 
+ 218+l(NMe) I70220 - 205220 

+ 112z3 38090 

+ 217.521 210220 
+ 10823 500280 

+ f37g 

+130+1 

+ 127.5~1 

+ 12521 

+ 27621 

+ 27721 

+ 276.5~1 

+ 27621 

8822 - 13525 

12025 

16Oyo 

200+40 

13523 

19624 - 30+30 

22025 

25525 
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Pyrrolldine 

n-Propylamine 

Pyridine 

N-Methylimidal;ole 

doetonitrile 

Dlmethylformamlde 

Concentration Molar ratio 
In cc14 
(mole/l) 

EdDW), 
to solute 

12.00 (neat) 
2.61 
2.61 
2.61 
2.61 

0 

0.008176 
0.013919 
0.020292 

12.14 (neat) 
1.96 
1.96 
1.96 

0 
0.013136 
0.019530 

12.37 (neat) 
2.05 
2.05 
2.05 

12.62 beat) 

0 
0.016885 
0.028977 

2.81 

2.81 

2.81 

2.81 

0 

0.018146 

0.023034 

0.037876 

19.58 (neat) 
2.83 
2.83 
2.83 

0 
0.008957 
0.021335 

12.92 (neat) 
2.26 
2.26 

0 
0.021683 

2.26 0.038236 

Chemloal Resonanoe Induoed 
shift ref. half-height ahlft for 
to Internal width 
Yem2 (ppm) 

(Hs) 

+ 34523 2sogO 
+ 337~2 200220 
+ 3439 250220 
+ 3559 28O&JO 
+ 367-H 410&50 

+ 3599 859 
+ 3533 989 
+ 374$2 230220 
+ 3859 280_$0 

+ 632 475240 
+ 5722 j702*0 
+ 7923 3609 
+ 1009 600$50 

+ 221~i(NMe)l5Of5 
+123&2 325210 
+ 218~l(NMe)i25~ 
+ 1169 300220 
+ 218+l (HW)i50+20 
+ 1373 4OOE50 
+ 219s (NMekOofl 
+I489 !500~100 
+ 22ig(NMe)250~ 

+ 137fi 8822 
+I3021 1209 
+ 13321 13025 
+ 14l;tl 150$5 

+ 27621 13523 
+ 27721 196fi 
+ 277.5~1 20025 
+ 27921 2409 

I:1 molar 
ratio 
(PPd 

+1500~200 

+l600$00 

+1500$00 

z: i0 

+14Oo$a30 

+490~100 

+50230 
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nitrogen atom In W-methyllmldazole, the Induced "CN shift Is the smallest, 
almost negligible for Yb and less than +I00 ppm for Eu<qSlnce all chemical 
shifts measured in this work are referred to internal CH,NO2, there may be 
a contribution from possible Induced shifts in the resonance of the standard. 
However, the resonanoe of nltromethane did not show any appreciable broadening 
even at the highest aoncentrations of the lsnthanide chelates used in the 
meaaurements,in spite of the faot that the molar ratio of chelate to nitro- 
methane was generally lo-20 times as large as that of chelate to solute. It 
seems that the eventual oontrlbution of the Induced shift of the standard Is 
far within the experimental error. 

These preliminary results Indicate that the role of the Induced "N shifts 
seems to be promising due to the characteristic values of suoh shifts for 
various types of bonding at the nitrogen atom In molecules. They may have 
a oonslderable diagnostic value In spectral assignments of nitrogen resonance 
signals. The Induced I4 N shifts have muoh less Importance for setting apart 
ovel'lapplng signals because of the loss in resolution due to signal broadening. 
The effective range of measurements Is up to about 4 mole $ of the chelate 
relative to the substanoe examined. Beyond that the broadening of the j4N 
resonance praotlaally precludes any aocurate measurements. It is also of prime 
lmportanoe that the shifts should be measured at the same concentration of 
the substanoe. The results in Tables show that appreciable dilution shlfts 
relative to neat samples may ocour at low concentrations of the solute. 

Experimental techniques In "N resonance measurements employed in this 
work were the seme as described elsewhere (3). 
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