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ABSTRACT 
It has been shown that the “internal” isotope distribution wlthln a given molecular 

species at the natural abundance level is accessible by a new method, SNIF-NHR, which LS based 
on deuteriun WR Relative internal factors, Rl/j,heve been defined which enable the isotope con- 

tent of a glvan site, 1, to be capered to that of another molecular alte, J9 taken as the refe- 
rence Several referencrng methods intended to provide direct access to relative externals, 
T and absolute, (D/H), , site-specific parameters, 
an’d the experimental points of view 

are now dlscuased from both the theoretical 
In the intramolecular referencinq method, which involves a 

tlmcconsumlng chemical transformation of the sanple,the risk exists of more or leas systematic 
errors resulting from dracrimlnatlng fractlonatlon effects 
versely, 

However this technrque offers, con- 
an lnterestlng way of investigating kinetic isotope effects without the need for apecr- 

flc labelling ln spite Of lts lower spectral precision the external referencinq method has the 
advalltage of balng fast and less sensitive to systematic errols and may be used for direct rough 
routine determinations of the site-specific isotope contents 
ned, at the price of contaminating the sample, 

More precise results can be obtal- 
when an rntermolecular reference 1s added and 

signal heights are used, remembering however that the intensity parameters then have no strict 
physical meaning in terms of absolute isotope contents The site-specific parameters, Ti and 
(D/H), thus accessible, provide new lnformatlon on the mechanisms of the fractionation effects 
occurring in natural conditions and examples are consldered 

INTRMIUCTION 

The determination of the average isotope ratio m) of an organic molecule is usually 

carried out by mass spectrometry after combustion of the canpound and reduction of the corres- 

pondlng water 1l 2 This technique, developed during the last decade, has proved its efficiency 

for the characterlzatlon of the origin of natural products and for detecting the adulteration of 

food and beverages However, the main drawback of isotope ratio mass spectrometry lies in the 

requirement of burning the molecule which, in turn, usually entells the loss of all site specl- 

tic information Using *H NMR spectroscopy at the natural abundance level we have Introduced a 

new method (SNIF-NHR) for measuring the “internal distrrbutlon” of deuterlun wrthin a chemical 

molecule 3* 4 end this approach has led to a nunber of interestrng developments in the sphere of 

natural capounds ethanols 5, essential 011~4~6, vanlllln, etc 718 In this method the “m- 

nal” diatrlbutlon has been characterized by typlcal parameters, R, which can be obtained with 

sutlsfuctory accuracy but are only of relative aignlficance since they are related to the ratios 

of the isotope contents Ln the different altea, 1, with respect to that of a given srte, J, ta- 

ken as the reference We shall now consider the conditions of a drrect access to the various 

absolute site-speclflc isotope ratloa (D/H)i, which are expected to provide further important 

rnformatlon for mechanrstic or analytical purposes For exmple when using such parameters for 

lnvestigatlng the fate of the hydrogen isotopes in a fermentation process’, the proportlona of 
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deuterlum comlnq From glucose and from medlun water in the molecules CH2DCHZOH (I) and CH$HD0H 

(II) can be Qusntatatlvely determined. Moreover the access to the absolute (D/Hfi ratios of si- 

tes I and II I” ethanols is expected to provrde very useful information for the identification 

of beverages such as wines and beer.8 nhlch result from the fermentation of mixtures of qlucidea 

and water. From a more fundamental point of view the direct determinatron of absolute alta-ape- 

cific isotope ratios should provide a new way for investigating selective chemical or enzymatic 

isotope effects In addition, the method may be the source of new complementary data in the 

climatoloq~callo or phya~oloqrcalll~l investigations usually performed by maa5 spectrometry on 

tree cellulose or plants. 

The main aim of this work 18 therefore to present a methodology whsch meets the challenge 

of a direct determlnstlon of absolute site-specific isotope ratios and to illustrate the potan- 

tie1 of the method using several practical applications. Although these applications are chosen 

ln the freld of alcoholic fermentation , the SNIP-NMR method may have valuable developments in 

the varlouo domains of chemistry where natural tracers are used. The method offers a new way 

of measuring kinetic Isotope effects which may be of znterest to the organic chemist since rt 

avoids the need for labelllnq experiments. 

I THEORETICAL SECTION 

1) Definition of the site apeolfic isotope ratios (D/H)L 

Denoting D and H the number of deuterium and hydrogen etome in a given molecular species 

and ND and NH the number of monodeuterated and fully protonsted molecules respactlvely, we ney 

write 

D f NT, and H = P NN + (P-l)Nb (1) 

where P is the atoechrometrrc number of hydrogens in the molecule. The average isotope ratio 

(D/H), usually determined by mass spectrometry, la therefore given by 

(D/H) = NdPNN (2) 

If P, 1s the number of equivalent positions of the hydrogen atoms rn each dlaatereotoplc site 

and Di the number of deuterlun atoms in site i, which ia nearly equal to the number of monodeu- 

berated molecules of type 1, then : 

P= E 
i-1 

Pi and 0 z ! Di 0) 
i=I 

We may define a statistical, fi , and e true, fi, molar fraction of the monodeuterated 

species 1 as 

F 1 = P1 /P and f1 = DX/‘D (4) 

Moreover It 1s convenient to breakdown the total number of hydrogen atoms H into n pert% Hi, 

correapondlng to the n dlaatereotoplc molecular sites i 

HE y H, with Hi z Pi NH (5) 
i=l 

On this basis we may introduce the site specific isotope ratio (D/H)i 

(D/Hji = 0, /(P,NNJ (6) 

Previously the “internal” molecular dlatribution has been characterxzad3 by the reletlve parame- 

ter R,,, which 1s shown to satisfy equation (7) 

Ri1.l = PJ (0,/T+ ) = pi (D/HII/(D/~$ (7) 

where the site j 1s taken as an internal molecular standard. These parameters make use either Of 

signal heights (Rh ) or of signal area (RS)* It should be emphasized that the Rh ratios are 

usually determined with a better accuracy than the RS ratios but are devoid of physical meaning 

in terms of true isotope contents, and are only of relative aignificance3 
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Io(R deteminetlm of the site-epeclfic isotope rstioa by the intexmlecular refersming 

method 

In this case, the determination of (D/Hli mskes use of a working standard (US). This 

stands& must be the same For the whole series of molecules to be canpared and Its m) VsIue 

must be precleely known on the V-SHOW/SLAP scsle” This scale involves s comparison of the rels- 

tive deuterium content of the unknown wrth those of the international water standards V-SHOW and 

SLAP for which the sbeolute value of the (D/H) ratio has been determined (155 76 ppm and 89 05 

ppm respectively) WS may be either contelned ln a sealed cell coaxial to the sample cell, or 

werghted anddlssolved In the sample 

Since the Intensity, It, of a resonsnce signsl, 1, in en2H( ‘H}NHR spectrum 1s directly 

proportlonel to D,, equntlon (8) holds 

I, = Dt = (DJN~)N~ = (D/H)~ PiNH (8) 

with NH = (V d)/H (9) 

d and M sre the specific weight and molecular weight of the investlgeted canpound When the lso- 

tope ratios of different samples sre to be compared, the active volume V for molecules 1 In the 

receiver corl should remarn constant or should be taken into account Conslderrng equation (81, 

we may compare the elgnal lntenslty 1: of site 1 In compound A to that of the workrng standard 

WS U-I order to determine (D/Hf 
(D/H); = 

I’: Pus Nws 
Ii 

Iws P: “1 
(D/HF (10) 

12 
(D/H)WS 1s the sverage isotope retlo of the working standard measured on the V-SHOW-SLAP scale , 

and PWS its stoechianetric number of hydrogen atoms NiS 1s the number of fully protonsted mole- 

cules of WS which depends on its molar volume When the coaxial srrenaement is used, It ie not 

necessary to know (D/H) WS, since it ten be subsequently expressed in terms of (D/H)SHow by re- 

Ferrlng It/IWS to I snow/Iws Denoting 1 the ratio OF the deuteriun content of A, or SMOW, with 

respect to that of WS we h ve 

T;=_!&=_$and TSnoW E!?!!$!!- z (11) 

pSMOW NSt,OW TA 
and (DiH), - A A i&w 

‘i NH T 
’ (D/H)sMow (12) 

Using the same cell end pure samples, VA = VSHoWend N~MoW/t$reduces to dSuoWMA/dAHSMoW 

(at 1 = 293K) 

When the working standard, WS, 1s mixed with sample A, the mssses, mws and m*, or the 

volumes, VW’ end VA, must be very precisely knom Then 

(D/H); = 
PWS TOWS HA T+ 
pA ,A @s Tws (~1~1~~ (13) 

3) WR deteaination of the sitespecific hotap ratios by tha mtrmoleculu rSfe= 

method : 

The external reference method is Fast and reedlly operetlonel However, it requires en 

external capsrison of signal intensrties which usually suffers From some lack of accuracy 

Therefore lt seems valuable to consider the use of sn intramolecular standsrd introduced Into 

the investigated chemical specres by an appropriate synthetic reaction Thus if the same refe- 

rence substance, the (D/H)fef value of which has been determined beforehand, is reacted with s 

series of ethanols A, B H, the measured (D/H):* B Hlsotope ratioa may be capered provl- 

ding that no, or constant, isotope effect occurs durrng the synthesis of the derivatives13. For 

example, when ethanol is transformed into acetate, tosylste or silyl ether usrng the Following 

reactions, the isotope contents in the ethyl Fragments Issued From ethanol can be referred to 

that of a reference group issued From the selected reactant. 
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C2H50H + (ctt,co120 - QQOCOCH3 + CH3COOH 

5 HSOH + ClSl(CH3) 3’ c$Sosl(cn,), + HCI 

C&,OH + CH3 
-u 

0 scJ*ci- C.&0S0* H3 + HCi 

Alternatively, if fractlonetion occurs the method can be applied to the determinetlon of the 

klnetlc isotope effects In the conditions of natural abundance. Indeed, it is possible to detel?- 

mine the ratio ~/k~involvlng the monodeuterated or the fully protonsted species by measuring 

the (D/H)1 retlo value of the stertrng reagent at t = 0 and that of the remaining reagent or of 

the products after partial capletion of the reactlon. Denoting (D/H);ef the isotope rstio of 

the lnternsl reference, J, we measure now the ratio T$,, of site 1 with respect to srte j 

II EXPERIIIENTAL !3XTIDN 
1 - NW experiments 

- Spectrum acquleition 

The 2H(lHtNHK spectra were recorded at 61 37 MHz using a 8rUker spectrometer. Tha acqul- 
sltlon time was 6.83 s or 13.66 s for e spectral width of 1200 Hz. A 90° flip angle was used 

(55 10-6$rfnd a temperature of 302 f 1K was maintained an the probe by the variable temperature 
unit The decoupling power wae carefully controlled before each series of experiments. Good sf- 
ynal-to-norse ratios (S/N>lOO) were usually obtained for pure liquids or concentrated solutions 
within 10 mm. (NS=lOO) to 30 min. (NS-250) without field-frequency locking . Usually 8 spectra 
of each sample are run in a sequence and the means end standsrd deviation of the various inten- 
slty ratios es well es of sll other subsequent SNIF parameters defined in the theoretrcal sec- 
tlon -are computed on a micro-canputer (Dlgztal P3SDf which also stores the results in a date- 
bsnk for comparison 

Wltlr a view to optlmlzing the edjustment of the acquisrtron psrametera, the ‘tl Tl rela- 
xstlon times of the different molecules Investigated were determined by the IRfT14 method. 
Typically the following results were obtained - 

Ethylacetutee CtiDd- 

Tl (e 1 (0) l-6(0 13) 
cnp-co 
4.0(0 1s) 

CH2D-CHz- 
1 35(0 2) 

I_ cslc (I* exp) R 6(R 5) 14.8(12 2) 10.8 (10 6) 

Sllylether CHD-D 
TI (s-1 (01 2.5(0.09) ~~~~~c~~ 
I, calc.(I, expf 1.65(1 64) 2.4(2:18) 

E%E$ 
7 9(tLO) 

Since the procedure involves statlstlcal determrnations baead on a large number of repe- 
tltive measurements It requires maxlmtrn automation in the estimation of the NHR parameters If it 
1s to be of practlcel use. Programs have therefore been developed which directly utilize the 
intensity end surface parameters fra successive fourier transformations performed in automatic 
standardized condltrons end no drawing of the spectra is exploited Consequently no attempt has 
been msde to introduce particular adjustments or correcting treatments Fran the etrrct point 

of view of the quentltatrve measurements accuracy is therefore of a standard level end better 
results can obviously be obtarned In special cases at the price of specific quantitative treat- 
ments of the spectra. for example, for an alcohol containing an intermolecular internal benzene 
reference, 8 serlea of 8 successive spectra treated in identical condrtlons lesdsto a confidence 
interval for 97 5% confidence whrch resches about + 0.004 - D.DO6 for the site-specific psrame- 
ters Th derived from signal heights,and about * 0 02 - 0 03 for the surface parameters T 
20 spectra are successrvely recorded the corresponding confidence intervals for 99% con idence ‘) 

. When 

sre usually better than t 0.005 for the Th parameters and to.02 for the 19 paremeters. 

- Intermolecular referencing method 
A sample of benzene havina s (D/I-l) value hioher than those of the oroanic molecules stu- 

died here m = 140 to 100 ppm) is introduced under a slight vacuun into a 5 mo 00 cell adapted 
to fit the upper part of the 15 nm OD sample cell. The deuteriun content of this working subs- 
tance is determIned with respect to that of a Y.SMOW sfmnple a8 described in the previous sec- 
tion. In practice the alcoholic grade In voluna, $ , of the ethanol sample must b8 taken into 
account when epplylng equation (12). 

Alternstlvely, s known volume of working atandard, carefully measured can be introduced 
rnto the sample under study. For example, S ml (tO.OS) of pure benzene ((0%) = 137 ppm) are 
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mixed with 10 ml ( ?O 05) of an ethanol sample For an ethanol a8d)pfi H with an alcoholic gra- 
da In werght, Ti,the maas mA must be replaced in equation (13) by t m 

w 

2 - Syntheda of demivatrvea mvolvlnq a reference mbetmce 
a) Ethyl acetates from standard acetlc enhydrlde 

In a typical reactlon 26 5 ml of ethyl alcohol (0.33 mol) are introduced loto a triple 
necked flask and mlxed with 23 ml (0 27 mole,.mol ratio 1 2 1) of acetlc anhydride 0 3 ml.of 
1N H2504 (pH=3) are added to catalyze the reaction and a mild reflux Ia malntalned for 6 hrs 
The mixture 1s neutralized with a saturated solution ofNaHCO3 and finally, the aclbfree mixture 
1s washed twice with a saturated Na2 SO4 solution to ellmlnate the unreacted alcohol After 
drying with anhydrous Na2 SO4, ethylacetete Ia dratllled and collected (Eb 76-77OC) When the 
starting ethyl alcohol 1s obtained by dlstlllatlon of different wines or aplrlts the 95 Z drs- 
tillate 1s previously desalcated ualng molecular sieves ()A, ectlvated at 550°C for 2 hrs) This 
method avoids isotope fractlonatlon during desslcatlon The experlmente are repeated for diffe- 
rent mole fractions of the reactants ln order to lnveatrgate the Influence of possible kinetic 
Isotope effects 

b) Trlmethvl ethoxvsllanes from standard trrmethvlchloroeilane 
A solution of XI ml (0 39 mole) of trlmethvlchloroailane in 80 ml anhvdroue ethyl ether 

1s added very slowly over a period of i hour to a sblutlon of 24 ml (0 39 molej of ethyl-alcohol 
and 40 ml of pyridrne (0.43 mole) in 80 ml of anhydrous ethyl-ether A gentle reflux is malntel- 
ned with stirring for 3 hrs. The salt formed between pyridine and HCl la removed by filtering 
and the reaultlng ethereal solution 1s washed three times with 250 ml Ii20 The product 1s then 
dried over Na2S04 Olstlllatlon gIvea a product boiling at 75.5 - 75 7’C 

C) Ethyl tosylates from standard p-toluenesulfonylchloride 
16 ml (0 275 mole) of ethyl alcohol treated as described previously, 80 ml (1 mole) of pyri- 

dine end 50 ml of anhydrous ethylether are introduced into a triple necked flask which is cooled 
by an Ice-water bath A solutron of 40 g (0 25 mole) of tosylchlorlde in 125 ml anhydrous ethyl 
ether 1s added very slowly to the cooled solution for 3 houra The reegents are stirred for 1 hr 
and the mixture 1s kept overnight In the refrlgeretor Then, the mixture 18 cooled down to O°C 

and the ptl 1s adJusted to a value of 2 wrth HCl (2N) The total volume reaches about 400 ml. The 

ethereal layer is separated and the aqueous layer 1s extracted twice by 200 ml ethyl ether All 
of the ethereal solutron la drred over Na2SO4-K2CO3. Ethyl-ether ia evaporated under a vacuum at 
room temperature and a solid product 1s obtarned with a 62 % yield If the product does not 
crystallize spontaneously a crystal can be Induced by scratching In a dry-acetone beth or by 
dissolving lt In a amall wantlty of M-60” petroleum ether and cooling It down to induce crya- 
talllzatlon before fllterlng The preclprtate can be transferred into a vacuum deasicator and 
drlt,d at -or below- room temperature 

III RESUTS AM) DISCUSSIoN 

A comparison of the two intermolecular referencing methods can be carrred out on the 

basis of the R 1,, (aq 7) and Ti (eq 11) parameters derived from meesurementa performed in the 

presence of external or mlxed benzene (table 1) In order to Investigate the influence of chemr- 

cal transformations on the Isotopic parameters and to check the potential relrablllty of an 

intramolecular referencrng method 18 alcohols from different origlns have been transformed into 

ethylacetates ualng standardrzed procedurea (experlmental section) The results in table 2 che- 

racterlze 8 ethanols from the fermentation of the aame kind of plant (grape) whereas the 10 

other samples are alcohols from varloua natural or aynthetlc origlna whrch are expected 3 to 

exhrbit very different deuteriun contents (table 3) In five casea the ethanol samples were also 

transformed into sllylethers and tosylates in order to investigate the poaslble occurrence of 

frocllonutlon tffacts in the course of the chemical reactiona (table 4) The abaolute aite-epe- 

clflc parameters derived from these experiments are expected to provide caplementary lnfomi- 

tion on the influence of the orlgln of the glucose or fructose and on that of the water used by 

the plant for Its photosynthetrc cycle or involved in the fermentetron process. 

- The referanclng rrthod and the ~nfluanoe of the chmical trmfomticm 

In e first step the rellebillty and the accuracy of the experrmental aethoda can be 

checked by comparing the values of the internal parameters, Rh, RS,deteralned In the different 

technical conditions Thus highly algnrflcent correlations are found between the R,,,, valuee 

of the ethyl fragments (I and II denoting the methyl and Rethylene altea respaotively) determl- 
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ned in the absence of reference, R”, or in the presence of benzene, either mixed with the sam- 

ple,P,or sltusted rn a coaxial cell, Tic. For example considering the 9 ethanol samples 1 to 9 

derived from different species of sugars (table 1) the following correlations are ccvnputed 

r Ss Sc 

f$ = - 0 066 + 1.024 q 0.998 0 020 0.012 (151 

Rg = - 0 070 + 1 014 R; 0 990 0 055 0.034 (16) 

T$ = 0 005 + 1 009 R,!, 0 990 0.018 0 011 (171 

R; = 0 018 + 0 999 Rh” 0 992 0 046 0 029 (18) 

s = - 0 063 + 1 016 Rs” 0 906 0 065 0 040 (19) 

(r denotes the correlation coefficient and 5, and S, an the standard devlatlons on the slope and on the estlmstlon 
respectively) 

Srmilarly tor the 8 samples 10 to 17 from a given type of natural product, in thle case wine, - - 

and therefore characterized by a more limited range of varlationa (table 2) t 

RC = - 0 17 + 1 066 h R”h (x=0 989, Se=0 065, SC=0 009) (20) 

The correlations are significantly improved when the mean values, R”, over R” andRc,are conaide- 

red Thus for the 17 samplea 1. to u the slope of the correlation between the surfece and height 

parameters approaches unity and the constant term 1s of the order of - 0 02 

r Sa SC 

R;;. - 0.071 + 1 027 R\ 0 998 0 016 0 011 (211 

R;= - 0 090 + 1 019 RR 0 988 0 042 0 027 (22) 

R; = -0019+0991 R; 0 992 0 032 0 021 (23) 

The results confirm the better reliability of the comparative studies based on signal-herght 

measurements with respect to those which make use of argnal area Moreover it is observed that 

the standard deviation on the estimetion of R ref is of the same order of magnitude as that of 

the NMR datermlnation itself It la concluded thst the presence of an internal intermolecular 

reference or of an external reference haa no effect on the reproducibility of the R measurement 

Satisfectory correlations are also obtained between the R;: parameter of the starting ethanols 

and the R values measured in the ethyl fragment of the corresponding acetates Thus for the 18 

samples $J to 27 - 

Rh (acetate)=0 057 + 0 964 R{ (~0 956 , s,-0 074 ) SC=0 0501 (24) 

It is observed that both the relative order of the Rh parameters and the absolute magnitude of 

the RS ratios are satisfactorily maintained in the course of the chemical transformation Into 

acetates This behavlour indicates that, at the present state of accuracy, fractionatron effects 

on the ethyl Fragment may be roughly neglected, at least in the coneidered experimental condi- 

tions More scattered results are obtained when the ethanols are reacted to give silylethers and 

tosylates Thus for the five ethanols considered (table 4) the coefficients of the correlations 

between the R parameters of the chemical derivatives and g do not exceed 0 97 - 0 99 It should 

be noted that two unfavourable factors concur for limiting the accuracy in the case of silyle- 

thers 1) the relatively high values of the relaxation times (see experimental section) render 

the line-widths and therefore the signal heights very sensitive to instrumental resolution and 

111 the statistical weight of the reference signal is three times higher than that of site I, a 

situation which ia detrimental to the precision of the intensity measurements 

Although the standard deviation on the aignel height parameters LB usually leas than 

io 066for a set of 8 au2CaaaiVa experiments performed in the presence of external benzene, the 

site-specific parameters TfI suffer From a lack of long-term repeatability as reflected by their 

poor correlations with the other Th and TS parameters (Table 1) By contrast when an intermole- 
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cuter internal reference ra used the intensity parameter fI 1s satisfactorily correlatsd withTgI 

<r=O.98) ctnd & (~~0.97). The preclslon reached on the TEI asd ‘$$I mea8ur~ents in a series of 

successtve soectre 1s m fact of the same order or magnitude a8 that on Rh es illustrated by the 

multldimenalonal correlation (m9) 

R; = m 1 64 (l/T;,) + 4.37 ThIL - 2.43 (25) 

whrch 1s chsrecterkzed by e multiple correlation caefflcient (Fmult ) of 0.997, a standard devls- 

tlon on the estlmetion of 0.005 and a Snedecor F value which is much higher than the theoretical 

one . f (2,6,0.99) = 10.9. The good thre&dlmensional correlation observed between the mean 

value RF = (RI: + REV2 and l/lTI , lm hlI (n=9) 

R; = 1.69 (1lQ + 4.19 ‘&I - 2.41 frmult * 0 998) (26) 

eho suggests 8 sat&sfactory long term repeatability. In terms of relative behevfours, therefore 

the slgnal-height parameters, 1:) are suitable for describing the verrations in the aIt+spefl- 

PLC deuterium contents however rf absolute values are desrred elther allowance has to be made 

for correcting factor8 which eccount for line-width drfferences or less precise, but physlcelly 

meaningful, surface parameters must be constdered. 

Although the relative orders of the sate-apecrfic isotope retlos are roughly marnteined 

in the considered cheaical transformetione, the requirement for tedious preparation of the aam- 

ple, which increases the risk of experimental errors , prevents the method from being routinely 

useful for sbsolute referencing 

- The absolute is&+x? ratio8 

In order to calculate the absolute rsotoDe ratios the diFferent standards must be call- 

brated with respect to the rnternatronal standard V.SMOW ((D/H) = 155.76 ppm12).The sitW@X+Cl- 

f”lc deuterium contents can then be determined as described in the theoret&cel end experUaenta1 

sections. When equations 12, 13 and 14 are tranSformed, usrng the numartoel velues OF the pere- 

meters Involved, a generel relation, bfH=q,T;, ia obtained where T; represents the szte-speclflr 

parameter Ti corrlrcted for the variations rn the elcoholic grsde and ln the relative masses 

(table 1) and qt take8 the following values 

Standard (3) q1 911 qc/q(,) 

External fcoaxlal) 103.7 155.4 1.000 

Internal fmzxed) (6) 162.2 243 3 0.64 

Intramolecular (b) 124.2 186.3 O.Rf 

( (a) the (D/H) value of benzene is 137 5 ppm fb) the D/H value of acetlc anhydride is 124 2 PW) 

If we COneider the data of table 1 the agreement between the two kinds of referencing 

(external coaxial and znternal mixed) 1s found to be satlsfectory. Thus the messured values of 

Ty /Tf and T~I/T~lwhuzh 8re respectively 0.65 (g.l32) and 0.66 (0.03) are very clO8e to the velue 

oxuected on the bssls of the ratio qC/qm given above 

The results of table 2 taay be used In order to check the intramolecular standard sgaznst 

the external one. The ratios Tlil /TTI = 0.86 (0.03) and TI: /TfI = 0.87 (0.03) exhibit a elight 

but signlftcant difference with the ratio qC/q?Thts difference can be BSSlgn8d to some syste- 

matlc errora or fractlonatron effects intervening during the various ohamrcel steps required by 

the intramolecular referencing procedure 

From these results it LB now possible to ccsnpute values of the absolute site-soecific 

parameters (O/H), associated to ethanols iseued from different kinds of pllanta or fron, oil. Thus 

the followrng ranges are estimated : 
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We-specdic natural isotope rams of hydrogen m organtc molecules 3295 

(D/H) I (D/H) II 

grapes external 103 4 ? 1 6 129 4 + 2 4 

(table 2) intramolecular 104 4 ? 1 5 135 4 t 1 8 (a) 

Deet-root external 096 +2 121 9 + 4 

(table 1) internal a0 2 t 1 5 120 9 f 1 2 

ethylene external 2130 1 1140 5 

(table 3) rntramolecular 130 9 f 2 5 149 0 f 2 (a) 

( (a) the values derived from the Intramolecular referencing are probably overestlnated) 

Again It should be kept in mind that such (D/H& values are only lllustratlve of the 

methodological approach A valuable discussion of the natural diapersion should be based on well 

documented natural or synthetic samples since the (D/HI1 and (D/H) II values closely depend on 

the physiologrcal end technrcal conditions of the photosynthesis and of the fermentation, namely 

the deuterium content of the water 

- The interpretation of the sitbspecific psraretem 

A number of oversll deuterlum contents have been determined by mass SpectrmetrY but 

these values are ~suslly difficult to interpret due to their lack of specificity and to the fre- 

quent absence of knowledge of the b/R ratios of the starting species (i e sugars ) and of 

the fermentation wster In particulsr Moreover In the case of ethanols these values Include 

usually the isotope content of the hydroxyl site which is frequently deprived of intrinsic phY- 

alcal slgnlficance as a consequence of Its sensrtlvlty to fra tionatlon effects ceusrd by dls- 

tlllation and to exchange phenomena Involving the aqueous mediun From both the analytical and 

mechanistic points of view an Important Improvement has been brought about by the posslblllty of 

determining the relative internal parsmeters R 
3 

i/J 
and a further step In the dlscrlmlnatlng 

potential of the method 1s now provided by the site-specific isotope ratios, Ti , or (D/H) 

Thus from the present results it appears, in particular, that the site I parameters of ethanil 

exhibit a larger rsnge of variations and constitute better distinctive criteria of the nature of 

the plant than the parameters of site II The strong increase in the internal parameter R II/I 

observed 5 when comparing alcohols issued from plants having different metabolic pathways (C3 

such as sugar-beet or C4 such as maize) or different physiological characteristics (such as gra- 

pe and beet-mot) can be interpreted as resulting mainly from differences in the deuterlun con- 

tent of the methyl site The methylene site exhibits more limlted vsrist1on8, at least for etha- 

nols produced by fermenting sweet juicea issued from plants harvested in a specrfled country 

When a given plant, such aa grape, is considered the fact that two independent site-spe- 

clfic parameters are now availeble instead of the only relative factor, R 
i/J’ 

enables more sub- 

tle phvsioloqical or climatoloaical effects to be lnvestrgeted If we consider that most deute- 

rium atoms found in the monodeuterated species I, Ct12DCH20H, srise from the sugar wheress the 

deuterrun atoms in site II come predominantly from the water present In the fermentation step9 

a smaller value of the relative parameter R 
II/I 

can be interpreted as resulting either from an 

increase in the deuteriun content of the sugar or from a decrease In the deuterlun content of 

the juice water A conjunction of both effects may even occur 1.f active leaf transplratlon du- 

ring the photosynthetic cycle has increased the (&%I content of the cell water and therefore 

favoured deuterlun incorporation in site I whereas some weeks later heavy rains or flooding hr- 

fore harvesting may have produced a decrease in the deuteriun content of the juice 
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