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13C and™ NMR spectra have been measured for #2-acetylene at low density in binary mixtures with
xenon and carbon dioxide gases as the solvents. It was found that both the chemical shifts'a(@Qe
coupling constant offC,H, were linearly dependent on the solvent density. The appropriate NMR parameters
for an isolated3C,H, molecule were determined, together with the coefficients responsible for the-solute
solvent molecular interactions. TA& NMR measurements were extended to solutions of32acetylene

in liquid solvents. All of the'*C gas-to-solution shifts were found to be positive (deshielding effects), and the
1J(CC) coupling constant in liquid acetone was diminished by more than 5% in comparison with the value
of 174.78 Hz observed in the gas phase.

Introduction tions, and in this way, we could determine reliable NMR
parameters for an isolaté#_,H, molecule. In addition, we have

Acetylene (GH,) is an interesting compound mostly because . . .
of its role as a reactant in numerous organic syntheses. Sincealso investigated the NMR spectra when acetylene was diluted

1962, the'H and13C NMR spectra of various isotopomers of in some quuiq solvents. The appropriate gas-to_-sol_ution effects
acetylene have been investigated. Previous studies have providet}€r€ determined, and they confirmed the TEd'um influence on
information on chemical shifts, spirspin coupling constants, @l of the monitored NMR parameters of 13%-acetylene.

and isotope effects.® For 13C-enriched acetylene, it is possible

to observe four coupling constant3J(CC), 1J(CH), 2J(CH), Experimental Section

and3J(HH). . .

Unfortunately, acetylene is an explosive gas when com- NMR spectra were obtained on a Varian UNITYplus-500 FT
pressed, and the earlier experimental work has been mostlySPectrometer (at 125.88 MHz féfC and at 500.60 MHz for
limited to liquid solutions. In one case, the NMR spectra were ‘H) under following conditions: temperature, 300 K; spectral
observed for ||qu|d acety|ene at low temperatufe?O °C),2 Wldth, 520 Hz; 32 K data pOintS with double prECiSion and
and one result fol*C magnetic shielding of gaseous acetylene digital resolution of 0.02 Hz/point. Both th#H and the*C
was reported.It seems that the existing NMR data on acetylene NMR spectra were jointly used for the measurements of the
are still not sufficiently accurate. On the other hand, acetylene spin—spin coupling constants. The chemical shifts were ob-
as a small molecular system is attractive for ab initio served using a relatively larger spectral width: 7500 Hz for
calculation$-1° among which are those intended to test new 13C NMR experiments and 2000 Hz fé NMR experiments.
computational methods for determining nuclear shielding and Gas samples were prepared by the condensation of pure gases
spin—spin coupling constants?®2! The latter data should be  from the calibrated part of the vacuum line into 4-mm o.d. glass
compared with the NMR measurements for an isolatgd,C  tubes (approximately 5 cm long), which were sealed. The glass
molecule, and such results can be obtained only in the gastubes were slightly longer (up to 7 cm) for liquid solvents, for
phase??23 Also, the attempted theoretical estimations of envi- which the level of liquid phase was 5 cm high. The volumes of
ronmental effects on acetylene NMR paraméferseates a  the sample tubes and the vacuum line were measured using
demand for such measurements as reported in this work. mercury. 1,24%C-acetylene (ABCR Karlsruhe, Germany), xenon

In this paper, we present gas-phase measurements 8fithe (99,99, Messer Duisburg, Germany), and carbon dioxide
and**C NMR chemical shifts and spirspin coupling constants (99 896, Aldrich) from lecture bottles were used to prepare
Eor 1,2+%C-enriched acetxlen?%:sz) atvery |°XV density. 1,2- gamples without further purification. The solute g&C§H,)
3C:acetylene gives an AXX' NMR spectrurd* of which the 55" sed at low pressure-.7 atm) and mixed with various
f‘sé l\?l\r;lclj?xr;cetﬁl?)réz 0)622nboenS;ﬁ;;?ft?érznczgiggig\ﬁz?;:use dquantities of the gaseous solvents (approximatetdd atm).

: The liquid solvents were carefully dehydrated and degassed

as the gaseous solvents. This enabl_ed us to observeitaed before13C,H, was added. The sealed 4-mm o.d. gas samples
*°C NMR spectra of ‘CoH; as a function of xenon (or carbon were fit into standard 5-mm o.d. thin-walled NMR tubes

dioxide) density, and after extrapolation to zero density, it was (Wilmad 528-PP) with liquid benzengsin the annular space.

possible to determine the shielding and sgpin coupling
constants independent of the gaseous solvent. The latter value?enzenedG was used for the lock sys_tem af‘d as the external
reference standard. Later, the chemical shifts were expressed

were corrected for acetylen@cetylene intermolecular interac- . o )
relative to external liquid TMS. Three to five spectra were

* Author to whom correspondence should be addressed. E-mail: kjack@ "ecorded for each sample in order to avoid accidental errors
chem.uw.edu.pl. and increase the precision of measurements.
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TABLE 1: 3C and 'H Magnetic Shielding and 13C—13C 70,5 1
Spin—Spin Coupling of 1,243C-acetylene and Their 70,45 4
Dependence on Density in Binary Mixtures with Xenon and
Carbon Dioxide at 300 K

70,4 4

~
o
w
o

13
C NMR
gas solvent (B) co
2

~
o
w

parameter Xe Co

13C andH Magnetic Shielding
0o(C) (ppm} 116.58+ 0.9 116.58+ 0.9
oo(H) (ppmy 29.278+0.024  29.276t 0.024 70151
(oa)o (PpM ML molt)be 87.1 87.1 701 1
(o8)b ( ppm ML mol1)° 190.8 87.1 70,05
oan(C) (ppm mL moft)ed —122 —122
oag (C) (ppm mL mot?) —-76+5 —93+5
01a-8)(C) (ppm mL mot?) —267+5 —180+5
oaa(H) (ppm mL mol yed 76 76
oas(H) (ppm mL mol?) 162+ 3 60+ 3
oya-g(H) (ppm mL moft)  —29+3 —27+3 a2s

Spin—Spin Coupling betweetfC Nuclei . H NMR
Jo(CC) (Hz) 174.77+ 0.02 174.78: 0.02 :
Jas(CC) (Hz mL moi™) —30+ 20 —301+ 20

2 Absolute shielding assuming,(CO) = 0.6 + 0.9 ppnt’ and
0o(CHs) = 30.611-+ 0.024 ppn?® ® —(4/3)ym, whereyy is the molar
susceptibility of solvent ga¥. ¢ Specified only by the properties of
acetylene? Estimated from thery(C) andoi(H) parameters of ethyl-
ené%22and the molar susceptibility of acetylefie.

70,25

70,2 4

chemical shift [ppm]

70

0 0,5 1 1,5 2 25
density [mol/L]

4.3 q

4,15 4
4,1
4,05 4 co,

chemical shift [ppm]

3,95 4
3,9

Results and Discussion 3,85 4 Xe
38

In the present study, we have found that the' A&fd XX 0 05 1 15 2 25
parts of an AAXX' spectrum for gaseous 112c-acetylene are density [mol/L]
well resolved in'H and**C NMR spectra if the pressure of gas  Figure 1. Density dependence of the (L and (b)tH chemical shifts
components exceeds 6 atm. This could not be safely done withof 1,243C-acetylene in binary mixtures with xenon and carbon dioxide
pure acetylene, so we used xenon (Xe) and carbon dioxidg) (CO with respect to the shielding of pure liquid TMS at 300 &(i] =
as the gaseous solvents. For a binary mixture of gas A, 9(TMS) — o(i)]. The absolute shielding of liquid TMSu[Si(CH3)]
containing the nucleus X whose shieldingX) is of interest, = 186.67 ppm and[Si(CH,)s] = 33.485 ppm, as described in the

o text.

and gas B as the solvent, the shielding of nucleus X can be
written ag?

shielding of methaneo],(CH4) = 30.6114 0.024 ppmPE® and
1) our measurements of the latter parameters at 306K3C,H,)

— 0o(CO) = 115.98 ppm and,(13CH,) — 0o(CH4) = —1.334
. ) =+ 0.002 ppm ow(lig TMS) — 0,(CO) = 186.07 ppm and(liq
wherepa andpg are the densities of A and B, respectively, and TMS) — 0o(CHa) = 2.874 ppm (for liquid TMS sealed in a
0o(X) is the shielding for an isolated molecule. The coefficients ¢y jingrical tube and a parallel external magnetic field). Our final
oan(X) and oag(X) contain the bulk susceptibility corrections  aqit for the'*C-shielding of 1,28%C-acetylene is very close
[(oa)o and @e)p], and the terms taking account of intermolecular ;5 the value given by Jameson efdli,(CoH,) = 116.8 ppm
interactions during the binary collisions of—A(\_ and A—_B at 300 K, if corrected for the same scale of carbon-13
molecules arerya-)(X) and oya-g)(X), respectively? It is shielding”]. Intermolecular interactions between acetylene and
worth noting that the shielding parameters in eq 1 are temper- o, ent molecules lead to the deshielding effects in both the
ature-dependent, and for this reason, all of the present measurersc and the!H NMR spectra, as described by then-s
ments have been performed at the CO”St‘;"”t temperature of 30y5rameters in Table 1. The intermolecular effect is quite modest
K. Figure 1a and b shows plots of € and'H NMR chemical o rotons, and the direct observation 81 NMR spectra

shifts of 1,2¢°C-acetylene as a function of density for xenon q\ezis mostly the influence of magnetic susceptibility, cf. the
and carbon dioxide. The density dependence is linear in eVery apparent increase of proton shielding in Figure 1b.

case, and it allows one to determine the quantities: oaapa In the gas phase, nuclear spispin coupling is also modified
andoag. The first term is almost equal to the shielding in an by interactions between pairs of molecules and multiple

isolated moleculed), as the acetylene densitya is constant interactions; the appropriate equation for the binary mixtures

and very small. We have assumed that the intermolecular 5¢ 45565 (A and B) is similar to eq 1 at constant temperature
interactions in the gas phase are of the same order of magnitude

for acetylene and ethylene because such an approximation is
sufficiently good for all other molecules of light hydrocar-
bons?226Then, we could use the, parameters for ethylefe?® ) ) ) . .
and the susceptibility of acetylefiein order to estimate the ~ WhereJo is the spin-spin coupling for an isolated molecule
oanpa terms in eq 1. The value 0f0.007 ppm has been a_ndJAA anqqAB are solely due to intermolecular effects_ in the
obtained from thé3C-shielding and+0.004 ppm from théH- binary collisions of A-A and A—B molecules, respectively.
shielding. The smalaaoa terms are nevertheless included in N the present work, the density of A%C;Hj) has been kept
the final results, which are shown in Table 1. The absolute Sufficiently low for eq 2 to simplify to

shielding constants have been determined using an improved

carbon-13 scaled,(CO) = 0.6 &+ 0.9 ppm]?’ the proton J=J,+ Jagrs 3)

0(X) = 04(X) + 0pa(X)pp + 0ps(X)pg + ...

J=J,+ Ianpa T dngps + - 2
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TABLE 2: Spin-Spin Coupling Constants (Hzy and Carbon Gas-to-Solution Shifts (ppm) for 1,213C-acetylene

CoH, sample NMR method 1J(ce) 1J(CH) 2J(CH) 3J(HH) AS(C)P ref
dissolved in CCj H 171.54+ 0.2 248.4+ 0.3 49.44+ 0.2 9.5 1
liquid at—70°C 1H 171.6,170.6 249.0,248.7 49.3,49.7 9.55,9.8 2
dissolved in GHg® 1H, 13C 249.0 49.6 9.5 3
in (CD3).CO* 15C 248.29+ 0.03 49.74+ 0.03 4
in LC solution$ 1H, 13C 169.63-169.82 248.12248.29 49.26-49.26 9.41+9.50 6
in (CH3).CO 13C 165.8 248.3 49.9 9.6 +6.23 this work
in CH:CN 15C 166.4 248.8 49.9 9.6 +6.04 this work
in CHal» 13C 169.2 249.4 49.1 9.5 +8.23 this work
in (CH3);COH 15C 169.3 248.1 49.7 9.6 +5.84 this work
in CgHeg 13C 170.6 248.4 49.6 9.5 +4.71 this work
in CHClz 15C 170.7 248.9 49.6 9.5 +5.55 this work
in (CHs )sSiCCH 15C 171.4 248.5 49.7 9.5 +5.09 this work
in c—CeH12 13C 173.6 248.1 49.7 9.5 +3.96 this work
isolated molecule 1H, 13C 174.78+ 0.02 247.56t 0.05 50.14+ 0.05 9.62+ 0.05 0.00 this work

2+0.1 Hz or as described.The positive value means deshielding of carbon nuélgieasured for £3C-acetylene? Liquid-crystalline solution.

1752 1 Conclusions
175 ee The present study yields experimental results for'#eand
- IH magnetic shielding and spirspin coupling constants of 1,2-
= 1748 1 13C-acetylene in the gas phase. We have found distinct density
i Xe dependences of nuclear magnetic shielding dA&a—13C
g e ® coupling for the3C,H,/Xe and3C,H,/CO, binary mixtures.
§ radl The appropria}te parameters for an isoldfH, molecule have _
g been determined with high accuracy. Our new results permit
1742 ] us to judge the quality of numerous ab initio calculations of
co, NMR parameters for acetylene; the calculations themselves have
174 , . . . , been carefully discussed in a few recent papétdéThe present
0 08 1 15 donsity ZVL] 25 study also shows that intermolecular interactions cannot be

neglected a priori if precise measurements of sgjpin coupling
Figure 2. 18C-1C SpiWSpin COUpIing in 1,2]-3C-acety|ene as a constants are requ”'ed
function of density for gaseous solvents xenon and carbon dioxide at
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We have monitored all four spirspin couplings for 1,2-
13C-acetylene in gaseous mixtures with xenon and carbon
dioxide. Figure 2 shows the distinct density dependence that
has been found for theC—13C coupling in'3C,H,. This is the
first observation of such an effect between carbon nuclei. For

the 13C,H,/Xe mixture, the dependence is quite modest [cf. References and Notes
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