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Synopsis 
The enthalpies of t.ransfer, AH,, ,  of a series of amides from water to aqueous solutions 

of either guanidinium hydrochloride (GiiIICI) or potassium iodide were obtained from 
calorimet,ric measurements at 25°C. The amides were st.udied at molalities around 1 0 4  
m while salt molalities ranged from 0-10 m. The amides investigabed were Ac-Gly- 
NHMe, Ac-Gly-Gly-NHNe, Ac-Ala-NIIlle, and Ac-Len-NIIAle. Use of an additivit,y 
assumption allowed the calcrilation of group cont.ribut.ions to AH, ,  in these two salt sys- 
tems for the methyl grorip, leucyl side rhain, and the peptide backbone unit,. Valiies of 
the entropy of transfer were also obtained. The great ability of (;uIICI to randomize 
prot.ein structures appears to arise from effects on polar and nonpolar groups, which are 
characterized by enthalpies and entropies of transfer riot, substantially different. from 
those wit.h KI, a salt comprised of ions of comparable size and polarizability. The dif- 
ference in the sign of the free energies of transfer of nonpolar groups from water to l I S  
solutions, negative for GuHCI and positive for KI, is t.he result of t.hese rniall diflerences 
in enthalpies and entropies of transfer. Variations in water striicture produced by dif- 
ferences in ionic propert.ies rather than a mode of action for GiiHCI very different from 
that  of ot.her salts characterizes its superior denaturing ability. 

INTRODUCTION 

The extcnsivv studies of Tanford and his collaborators’ have d(.mon- 
strated that of all th r  nrutral salts that h a w  brm studied as pcrturbants 
of protein structure, GuHCl produces the conformation v ith thc least 
residual ordcr. The qucstion arises as to why this salt diffcrs from other 
clectrolytrs in its dcnaturing propw-tics. While thcrc h a w  bcvn spccula- 
tions rcgarding thr  mrchanism of GuHCl ac%ion,’ thew is agrcnnmt 
primarily on thc cxpc~rimcntal r ( d t s , ?  which indicatci that GuHCl solu- 
bilizes nonpolar rmiducs as \\ ell as intcmxting favorably with amidc groups. 
Although cxtensivc. data cixist for thcl f rw rnc1rgic.s of traiisf(.r o f  polar and 
nonpolar groups from water .to salt solutions for both GuHCIJ and other 
clcctrolytc.s,4 rnthalpics of tranrfvr ob ta ind  by high-prc&ioii calorimetry 
for thesv groups arc practically ~ioi ic~xis tc~ri t .~~ The. gathrring o f  such data 
for sr1ectc.d systcms of intcrchst was thcl aim of thc prcwnt study. In 
addition, wc have attcmptc,d to  tahc the mcasurrd cnthalpic~ and calculated 
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mtropies for t h .  transfer of pcytidr l>aclibonc. units and nonpolnr groups 
from watc.r to GiiHCl nxid comparc~ thrm with simi1:ir (pn t i t i v s  oht:iincid 
for :ui "ordinary" c>lwtrolytc., potnssium iodidr, comprispd of ions of :I 

comp:irnblo sizcl mid po1:irizability. Infwoxiccs rckgtirding thv mrc1i:inisni 
of :iction of CuHCl c:in bo dr:i\vn from this c.omp:wisoxi. 

MATERIALS AND METHODS 

Ac-Gly-SHII(>,s Cyclo Chcmiail Corporation, wis rwrystallizc~d twicc 
from hot mcbthyl ncc.t:itc solutions, filtcwd, ground to :I iixir powd(ir, and 
stored for s;cvr:il wd i s  in  :i v:icuum dwxiaitor ov(lr P205 until :ill t r:iws 
of mvthyl nwtatc arid n-:itvr w r o  rcmovod. Tho :iniid(. mdtcd a t  1.3).5"C, 
undor n nitrogc.n at  tnoxpIi(w~. I~(.-C:Iy-C:I?-SHlIcl, Ac-.\l:i-XIIlIv, :ind 
Ac-Lru-SH>Ir wr(1 purc1i:iwd from I?os Chomicnl Compnliy. Th(w 
mntc&ls wr ( l  dricad irr Z ~ U C ~ W  for :it hast 24 hr : i d  used \\-ithout furt1ic.r 

ISastninri GuHCI wis pi1rilic.d lwforcb IISP in thc ni:inii('r dwcribcd by 
Sozalii :~nd T21nford.~ 1'ot:issiiixn iodid(% wis .J. T. 13:ilwr rclagmt grad(.. 
l'rc~tr(~atm(wt consistcd o f  drying :it 110°C for 24 hr. Doubly distillcd 
\vatcbr was u s ( d  throughout in maliixig ul) solutions. All solutions w r v  
made up 0x1 n molnlity b:isis, i.0.. molw of soIut(~/1000 g \v:itor. 

Sirlev tlic. c:ilorinic+cir :ilitl thcl c~spc~imcwt:iI prowduro havv 1)wn d(.- 
scribcd r(w11tly.~ only sonw 1)ric.f commcwts will b~ givcw hrrci. J1cnsurc~- 
mcwts of cwtha1l)ic.s of soliitioii of  cinch c~onipou~id in \vator :md in salt 
solutions of v:irious molnlitic~s wr(1 rquircd to  c:ilculatc. cmtha1pic.s of 
transfrr. Tlicw onth:ilpirs wr(1 obt:iiiicd using thc. LIiB niodd S700-1 
1)rwision calorimc~ter. This cxlorinwtc~r is of thc isopcirihol type'. Th(1 
tc~mpc~r:iturc~ of thc thcrmostattirig h t h  was mnint:iincd at  2.j.00" f 0.01"C 
during thc runs. IZractions w r v  initi:itrd and conipl(ltc~d within f0.05"C 
of this rcfcwxicc. tc~mpcmturc~. 

A mcnsur(' of thc1 :iccurncy of thca cxlorinwtric mc~asurcmmts was oh- 
tninrd by xncmuring th(. cwthnlpy of solution of thv twt  substancv, tris- 
(mc~thylliydros~):tniiiiomc~thnxi(~ in 0.1 f1T hydrochloric wid. Thr  niwn 
vnlur  obtainvd for a swim o f  nw:isur(mcnts, -7.114 f 0.003 lical/mol, 
compared favorably to that rccmtly dctcmiiiicd by 1'rozr.n arid Kilday,'" 
-7.11.5 f 0.001 lical/mol. WJC would ostinxitv thr  unccrtainty in canthalpy 
of solution values on thc basis of this rcwlt arid othcr coIisidcration of 
possiblr systcnintic orror :is j=.5 c:il/mol. 

purifir. '1 t ' 1011. 

RESULTS 

Enthalpies of Solution of the Amides in Water 

Tablc I gives vn1uc.s of th r  c>ntha.lpiw of solution, AIIrnl,,"', at 25°C for 
the amidrs in watc.r. Thv supwsrript, I\-, dcsigx1ntc.s c~nthalpics drrivcd 
from nioasur(m(mts m:id(. i n  w t w  nlonct as oppowd to rcwlts obtaincad in 
watw-salt solutions, giwn bdow, for which thr  cwthalpiw of solution will 



TABLE I 
Enthalpies of Solution of  Amides in Water at 25°C 

-. _ _ _ _ _  - - _ _  - - ~  _. 

Enthalpy of  Solution, AHSolrrw 
Compound .\Iolecul:ir Weight, (kcal/mol) 

Ac-Crl~7-N 11 .\re 1::o. 15 0.4104 f 0.001:1 
Ac-Gly-Gly-NIIlLe 187.20 4..>37 i 0.001 
Ac-Aln-NH.\Ie 144.17 - 0.6.568 f 0 ,0002 
Ac-Imi-NIIlle 1 86.26 -2.340 i 0.001 

_ -  . ~ __.___ _ _ _ _ _ _ .  ~ ~ -. ~ ~-~ ~~. 

-~ .. ~ - ~. 

b(, idmtilicd with thct supvrscrii)t, \vs. Th(x i i u n i h  of dctc~rniinations for 
cxch :Linid(, v:trid from two to  four. 'I?h(. uriccsrtainty limits givon in thc 
t:~hlc arc' avrrag(> dwiations. Th(b amid(> mo1alitic.s of thc final solutions 
:ichicwd i n  thcw runs \ v ( w  nl)l)rosinixtc~l?- 0.01 1 1 1 .  In prrvious rsi)rri- 
1 1 i r n t ~ , ~  it was s11o~v-n that :it amid(. nio1:tlitic.s bdow 0.05 1 7 1 ,  the. cnthalpy 
of solution is indq~riid(mt of thv :imido molality. As far as ~ ( 3  can tcll, 
t h ( w  arc' th(1 first cinthalpy of solution imasurc~mcmts on thew compounds 
so that no comparison ni th  tho litcraturc is possible. 

Enthalpies of Solution of the Amides in Salt Solution 
Thr rnt,h:dpirs of solution, AZZ.<, lnffs ,  of thv :tinidm in solutions of GuHCl 

and I i I  ww nwasurcd :it. L'5OC. Thc rcwlts of thwr mrasurrmmts arc 
givm in Tabl (~  11. thc avc'ragc 
dcviation of  duplic:itv runs. Othc~rwiso, the. valuc~ givm is thc rchsult of a 
sing;lc mrasurrmrnt. Thc dq)c~iid(~ncc~ o f  the. rnthalpy of solution on salt, 
molnlity was s tud id  o w r  the. widcst possibl(~ salt mo1alit.y rangc'. As b(.- 
for($, lmyirig tho amid(, molnlity bdow 0.01 711 i n  thci firial solution producrd 
valurs of Affb~,l , , 'vs that wrrc indrprndcnt of :miid(, molality. 

W h ( w  uncc,rt:iinty limits : t r ~  giwn, thcy 

DISCUSSION 

Enthalpies of Transfer of Amides from Water to Salt Solution 

This quantity is d(4nc.d as 
Thc t rmds in thr  data :HT bcst invcstig:ttrd using thc rnthalpy of trans- 

fcr. 

AHt ,  = AHho1FIWS - AHsuln" 

mid is thr rnthnlpy g$:LiiiCd or lost when a mole of amid(. is transfcrrcld from 
watw to salt solution o f  a particulnr salt molality. KO spccification of thc 
amid(, molality is rcquircld if' the. rxprrimcmtnl conditions arc such that thc 
individual tcmis on thr right-hand sidc of Eq. (1) arc' indrpcndcnt of amide 
molnlity. Th(, uncc~taiiitic~s in thc cwthalpic~s of transfcr arc thc sum of 
thr  individual uncc>rtaiiiticis of thc tcrms comprising thcm. 

I'igurr la shon-s tho cmthalpic~s of transfw of .\c-GIy-SH>Ir from water 
to GuHCl solution arid from \\-at(.r to lil solntioris, rrsgcctivcly, as a func- 
tion of salt molality. Thr  AH valuvs for the transfcr of iZc-Gly-SHAIc to 
GuHCl nrr niorc rwgativc. at  d l  molalitirs than arc. thc valurs for thc trans- 
fcr of thr same compound to ICI solutions. ligurc l b  shon-s thc valuc of 

(1) 
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AH,, for the transfer of Ac-Gly-Gly-NHMc solutions of cach of thr  salts. 
The prcscnce of the addrd glycine residue apprars to producc a more 
negative A H ,  for Ac-Gly-Gly-iCHJIc solutions with T i 1  than with GuHCl 
a t  least up to 3.5 m. 

TABLE I1 
Enthalpies of Solution of Amides in Aqueous Salt Solutions at 25°C 

- 
Salt Salt Molality m, AHsolnws (kcal/mol) 

GuHCl 

KI 

GuHCl 

KI 

GuHCl 

KI 

Ac-Gly-NHMe 

0.1309 
0.2002 
0.5163 
0.5207 
1.2170 
1.8211 
2.2080 
3.6637 
6.1229 
0.2523 
0.5331 
0.7798 
1.0519 
1.6103 
2.2088 
4.5708 
6.9355 

Ac-Gly-Gly-N H M e  

0.5509 
1.1459 
1.6580 
3.6967 
3.9385 

10.9708 
0.5020 
1.2698 
1 ,5053 
2.7035 
4.3468 
6.2319 

Ac-A la-N H Me 

0.5431 
1.1987 
2.6637 
6.1229 
0.2523 
0.7844 
1 ,0684 
1 .6430 
2.8497 

0.3552 It 0,0019 
0.3234 i 0.0010 
0.2072 f 0.0065 
0.2032 

-0.0076 
-0.1279 
-0,1927 i 0.0011 
- 0.2442 
-0,4398 rt 0.0009 

0.3367 f 0.0019 
0.2560 f 0.0006 
0.2038 f 0.0015 
0.1717 f 0.0003 
0.1260 f 0.0005 
0.0827 f 0.0006 
0.2212 rt 0.0018 
0.4733 f 0.0020 

4.255 
4.005 
3.834 
3.269 
3.141 
2.829 
4.187 
3.863 
3.756 
3.405 
3.278 
3.275 

-0.7890 
- 0.8652 
- 0.9457 
- 0.8774 
- 0.6676 
-0.6674 
-0.6374 
- 0 ,5881 
- 0.4393 

Table I I  (continued) 
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TABLE I1 (Continued) 

Salt Salt Molality m, AHsolnl~B (kcal/mol) 
__ __.___~__ 

GuHCl 

K I  

Ac-Leu-NHMe 

0.5431 
I .  1987 
2.6637 
6.1229 
0.2.523 
0.  ,5442 
0.7844 
1.0684 
1 ,6430 

-2.393 
-2.364 
-2.266 
- 1.998 
- 2 ,305 
- 2.258 
-2.201 
-2.112 
- 1.923 

MOLALITY OF SALT 

Fig. 1. (a) The enthalpies of transfer AH,, of Ac-Gly-NHhle from water to GuIICl 
(0) and K I  (0)  solutions as a function of salt molality. (b) The enthalpies of transfer 
AHtr of Ac-Gly-Gly-NHXle from water to GuHCl (0) and K I  (0) solutions as a function 
of salt molalit,y. 

Figure 2a shows thc enthalpies of transfer for Ac-Ala-KHNc from water 
to  respective solutions of GuHCl arid I<I while Figurc 2b shows similar data 
for Ac-Lru-NHXe. In both amidrs, the cmthalpics are significantly more 
positive for transfers to  KI solutions than to  those containing GuHCl. 
Noteworthy is the minimum in the cnthalpics of transfer of Ac-Ala-KHMc 
to GuHCl solutions while for Ac-Leu-SHNc the AHt, valucs become 
strongly positive with increasing GuHCl molality. 

Group Enthalpies of Transfer of the Peptide Backbone Unit 
and Nonpolar Groups from Water to Salt Solution 

Further considcration and comparison of the transfer data can be done 
most effectivc4y if we assume that the group effects comprising the enthalpy 
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a 

MOLALITY SF SALT 

Fig. 2. (a) The  enthalpies of transfer AH,, of Ac-Ala-NHMe from water to GitHCl 
(0) and KI (6) solutions as n function of salt molality. (b) The enthalpies of transfer 
AHt,  of Ac-Leu-NHlIe from water to  GitHCl (0) and KI (0) solutions as a function of 
salt molality. 

of transfer a t  a given salt molality are additive, i.e., 

AHt, = CAht, 
z 

In  the abscricc of morr data, we considcr the groups not as thc smallest 
functional substructures of the molecule,” but instwd considcr both thc 
peptidc backbone unit and particular amino acid sidc chains as distinct 
entities. to rrfcr to  We will use thr  terms “pcptidr bac1;bone unit” 

0 0 

-CH-C-KH- and “amidr group” to rrfcr to  --C-SH-. Wtl then 
h a w  enough data to  evaluate Ahtr for th(h pp t idc  baclibonc~ unit and for 
thc alanyl and lcucjl sido chains, i.c., CH3- arid (CH,)?CHCH,--. Thc 
(valuation is don(. by subtracting from valucis talmi from thc AHt, curves 
for each of the othcr compounds, th(x AH,, of Ac-Gly-SHlI(~ at  thc par- 
ticular salt molality. In the caw of thr  nonpolar hid(, chain, as has bern 
pointed out, thc rffcct of an  additional hydrogcm atom is subtractrd from 
thc Aht, for tho groups. The resulting Aht, valurs arc’ givcm for thr  pc1ptide 
backbonc. unit in 1;igure 3a and for thc alanyl arid I(wcj 1 sidc chairis in 
l’igurc 3h for cwh of th(1 salts. E‘or the. pcytldc hacbbonc~ unit, thc Alltr 
va1uc.s arc’ more nrgativr for transfrr to T<I solution\ than to GuHCl solu- 
tions. The trarisfcr cnthalpirs arr  more positivv for nonpolar sidc chains 
passing from water to I<I solutions than to solutions containing GuHCI. 

Dctailed consideration of thc interactions of each of thr  saltq ni th  amide 
groups allo\ts the development of an additional fmture of interest. The 

I I /  / I  
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Fig. 3. (a) The calculated enthalpies of transfer A H , ,  of i t  peptide backbone unit from 
water to GuHC1 (--) and KI (---) solutions. (b) The calculated enthalpies of transfer 
AHtr of the methyl group and leucyl side chain from water to GuHCl (--) and KI (- - -) 
solutions. 

enthalpies of transfcr of formamidc,’ Ac-Gly-KHNe, and Ac-Gly-GIy- 
S H M c  from water to 1.0 nz GuHCl arc -290, -3T0, and -4SO callmol, 
rcsprctivdy. The same quantities for transfers to  1.0 171 I S  arc -270, 
-350, and -590 cal/mol in th(1 5ame ordcr. With rcygard to this lattcr 
sc.t of values, thc upward curvature of the plot for thc KI + Ac-GIy-XHlIc 
makcs i t  necessary to cxtrapolatc AHtr values at lower I<I molalitics to 1.0 
m KI, rather than us(’ the experimental valuc, in this comparison. 

In  ordcr to  obtain Aht, va1uc.s for amidc groups from thrsc. data \w thrn 
correct for th(. cffcct of thc th rw nonpolar groups in Ac-GIy-SHMc by 
subtracting from the above va1uc.s for this compound thrw-quartms of the 
cmthalpy of transfer of thr  Irucyl sidc chain from watw to thc rcqwctivc 
salt solution. Similarly, corrwt for the four nonpolar groups i n  
Ac-Gly-Gly-SHNtx by subtracting the full mthalpy of transfrr of the Icucyl 
side chain from watrr to th r  salt solutions. 

Thti 
assortmcnt of nonpolar groups on thc lrucyl sidr chain is ncmly thc Ram(’ 
as those being corrcrtcbd for on thc niolcculcs of intcwst, i.e., two mc.thyls 
and one or two nic~thylcncs. Thc differmcc. bctn-cen an intact Icucyl sidc 
chain and the> mrthyls and mcthylcncs scattcwd throughout thtt molcculcs 
of intcwst will b(1 thc least for the terminal methyl groups, which will 
contribute thc largest share to thc ror rc4on.  The methyl groups arc a t  
thc ends of the molcculcs of interest and thus arc not as influenced by 

The probablr accuracy of thew corrwtions is difficult to assess. 
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proximity to polar groups as thr  methy1cnc.s. While thc resulting values 
arc only approximatt., the coric~lusions that will bc drav-n bclo\t n-ill not be 
vitiated if the corrections arc’ in (’rror by as much as =t 100 cal. 

Approximate cwthalpy v a l u c ~  arc thus obtaiIicld for thc  transfer of on(’, 
two, or thrct. amide groups to thci rcqwctivci salt solutions. T h ( w  values 
arc -290, -G20, and -%20 c:tl/niol for transfcr from \i:itc.r to 1.0 i n  

GuHCl solutions and -270, - G O ,  and -990 cnl ’mol for transfer from 
water to 1.0 ) ) I  T i 1  solutions. Thc valws arc> 1) roughly the same for thc 
rcqwctivci salts arid 2) thcrc. is a rc\lativdy smooth progression of th(, trnns- 
fcr values as a function of thc numbcr of amid(> groups. 

We niay considrr both of t h c v  points with rcqwct to thc hj.pothcksis of 
bifunctional hydrogen bonding to :tmidc groups hy GuH +, n hich n a \  
proposcid by Robinson and Jcnelts? to intcrprc$ frw cmc~gy dat,i in misturw 
of GuHCl with Ac-G1y-Gly-(:ly-~ly-O~t. Sozalii and Tariford3 h a w  
uscd thc ham(’ hypothcsis to explain solubilitj. data for mixture,:, of GuHCl 
with glycinc. or 1argc.r glycincl pcytidw (diglycinc and triglycinc.). Tho 
fact that  thc enthalpics of transfer of o ~ w ,  two, and thrco amid(. group5 from 
natc.r to  salt solution arc thc sanw for (xch salt suggvstC; that  a similar 
mechanism of interaction holds in mch case. This sugg(>stion is rcinforccd 
by thc similarity of thc mthalpiw of traiisfcr of formamid(. to a numbw of 
1-1 clcctrolytc~s7 including GuHCl and IiI. Sincr d i r d  hydrogm bonding 
of the ion t o  the binding sit(. is riot possible for any of thcw ion.; asidc from 
GuH+, it is difficult to sc(’ how th(5 similar t rn i i s f (~  mthalpy for GitH+ 
would arise from a differcmt modc of intc~action. 3I(.diation by the. 
aqueous solvent would provide the‘ rcquircxd dcmtwt of similarity in all 
cases, however. 

The smooth progression of thc cnthalpy of trarisfw values as  a function 
of t h r  numbcr of amid? groups in the cast' of GuHCl solutions may also be 
considered in terms of th(x propovd bifunctional h\.drogc,ri-bondirig mwha- 
nism. The making of two hydrogm bonds by on(’ molcculv or ion nhcn 
two sitcs arc availablc is a procc’ss entropically f:~vorcld ov(’r the making of 
two hydrogen bonds by two separate molecules or ions. Although t h ( w  
need not be any contribution from t h t  cmthalpy of biiidirig in ordcr for thc 
process to be favorable, we fed that such a contribution might be expected. 
I n  solution, a GuH+ ion might be flcxiblc in ordcr to achicvc thc most 
favorable contacts with a continually changing sc.t of solvcwt nmrcst 
neighbors. This flexibility would pcmist if  thc ion forms a hydrogcw bond 
a t  only one site of a bifurictioiial hydrogcwbond nccq)tor siricc the other 
donor site of the ion would still bv solvatcid. Th(\ ion forming hydrogen 
bonds to both sitcs of thc bifunctional m o l ( d r s ,  howvcr ,  is lil,ol? to br 
rigid. This rigidity facilitatw tlic dclocalization of c.lw3ronic charge in 
GuH+ in accordancc u i t h  t h c x  \\c~ll-kno\\n r(wn:iiicc formiil:~tion. An 
additional contribution of wsonancr cmc’rg> would thcrcb? lw nianifcstc.d 
only when such a twin hydrogen-bonded qtructur(> is fornic,d. 

As sec’n above, thc vntha1pic.s of trari.fvr of aniidc groups from n-atw to 
GuHCl solutions shon only a twofold numc~rical incrcasc, when th(. numbcr 



CALORILIETRIC STUDIES WITH LlOI)EL AA1II)ES 51 7 

of amidr groups is incrcmcd from on(' to two. On t.his basis, it is unlilwly 
that bifunctional liydrogrii bonding occurs siiicc. thc postulatc.d additional 
rrsonancr cnrrgy ivould producr a 1:trgSc.r than twofold iiicrcww in th(1 Sam(' 
comparison. 

A bct'trr dcfnrd casc against th(x bifutictionnl 1iydrogc.ti-bondiIlg nwcha- 
riisni can h(x madr by comparing rcccmt frw mrrgy data from this Iabora- 
toryI2 for mixturcs of sodium chlorido with gl>.citic,, diglycinc., arid tri- 
glyciucl with data for GuHCl with thv Rani(' aiiiitio acids obtaiiic~d by Nozaki 
and Tauford." Tho diff(~rc~ncc. bc>tiv(vii the, frcr rwrgic\s of tr:insfw from 
watcr t.o G guanidiiw hydrGchlorid(1 for diglj.ciiic1 and glj~cino is - 1% 
ca,l/mol whilc the. diffcrrriccl b(>t\vwii trigl>.riricb and glyciiir is - 640 
cal/mol. The. fact that thv ratio of thcw numbers is grr:itc,r than 2 has 
bcrn iritcq)rcitrd by Tanford' :is rvidvricc. for thc. bifutic~tioinl iiic.chanism. 

sodium chlorid(. 
solutions can h(, calculatcbd by (vArapolatiiig thc paramrtctrs obtainrd :it 
limiting solutc. mola1itic.s to unit niolality of salt. T h  wsultirig diffrrcmcr 
bctn-rrn thr  frc,c, cric~rgiw of t rn i i s f (~  from watw to sodium chloridv solutions 
at unit molality for diglyrinc~ arid gl>,ciricb is -590 c:il/mol \vhil(. the> dif- 
f(wiicr bctwwi triglyc4iic. arid glycincl is - 1490 cal,/mol. Thcwi is :t 

grratvr than ti\-ofold iricrcvisc. in the. f rw cmirg>. (Jf traiist'c>r to sodium chlo- 
ridr solution of a strurturr containing tivo prptidc lmckhonc~ units as 01)- 
posed to a structurc contninirig o w  prptidc hackboric1 unit. This suggvst,s 
that  thv sanw mc1ch:mism is a t  work in sodium chloridv solutions as i n  
GuHCl solutions. 

Kandi :md Robinson5 havv shoivii that thv f rw cmrrgirs of trnnsf(1r of oiir, 
two, and thrw pcytid(1 bacldx)no units to sodium chloridr solutions are in 
a simplc 1 : 2 :  3 ratio n h m  thc. modd trompourids a r ~  urichargcd glycinc 
estcrs. Thrre is no rrason to h l i c w . ,  thcwforch, that sodium ion, ( v ( ' t i  

considering it to hc liydratcd, is acting :is a 1)ifunction:d h>-drogoii-boiid 
donor to\vard triglycinc. By i i i f (wi i c r ,  this is the. conclusioii xvc n-ould 
draw for GuH+ as w ~ l l .  Thr  triglyciiic. molcculc swnis to b ( x  providing 
anomalous character to thr  abovct data in hoth c : i s ( ~  To  add a final iiotc, 
1Cosrm:Lii and . J r ~ i c k s ' ~  havr rrcrntly obtaitic,d s tu ic  cvidmco that also 
cast, doubts on thc bifunctiorial li?.drogc.n-hoiidiiig mc~chniiism. 

1"rc.c mrrgirs of traiisfcr of thv s:mw coinpourids to  1 

Other Thermodynamic Quantities of Transfer of the Peptide Backbone 
Unit and Nonpolar Groups from Water to Salt Solutions 

Siricc sonw valurs for tlic frcv rrivrgirs of traiisfcr of t hr pc.ptid(b bacliboric 
unit arid thc nonpolar groups studic,d h ( w  arv uvailablr i n  th(, litcraturc. 
or can bc calculatcLd from misting data, a c:ilculation of rntropics of traiisfcr 
is possiblc. As cwmplvtc. a t:ibulatioii as possiblc of cxistirig arid nc~wly 
calculatc.d thcrmodynainic quniititicx of traiisfvr of t h r w  groups from watcir 
to GuHCl arid I<I solutioiis is givrn in  Tnblc 111. The frcv rncrgic~s of 
transfrr for systrms involving GuHCl h a w  hwri obtairic.d from thr  data 
of Nozaki and Tanford.3 It ivas nrccssary to roiivrrt from thr  mixcd 
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TABLE 111 
Estimated Thermodynamic Quantities for the 1nter:wtiorr of the Peptide Backbone Unit 

and the Alanyl and Imiq-1 Side Chains with (;rtHC1 and K I  Soliltions at 25°C 

Group 

0 

2 .3.5 - - -  
* )  ..).) ~ _ _ _ _ _ _ _ ~ _  -~ ___ 

a Ilatn. from Ref. 3 ;  see test .  
I lata from Ref. 5; see text. 
Data  from lief. 14; see text. 

- 1 G O  
- : ; 3 0  
-660 
-240 
+200 
+:%:lo + .iiO 
+ 2 i 0  + :ioo + 070 + 1120 

- 50 
- 1 . iO 
- :;.jO 
- 110 + 230 + 400 + 720 + 1.50 + ,560 + 9:30 + 1 .ioo 

molr fraction, molarity scalr uscd by t h ( v  ivorl\crs to  the molality vale 
uscd hrrc. w r c  utilimd to givv th(x rdation 

Agtr (molality scale) = Agtr (mole fraction, molarity scalr) 

ICquations dclrivcd by Lccxt4 

- 0.0360 RT??l, ( 3 )  

whcrc. m, is thc molality of thv salt in the solution. Thv dcrivation assumes 
that the concentration of nonclcctrolj tc, is small arid that thr  logarithm 
of the ratio of activity coc4€icicnt of thc nonc~l(~ctro1ytc~ in  thc salt solution 
to that in n a t w  drpcnd.; lincmly on thc salt concmtratioii or molality. 
Thc valuc. for Aqtr for thc transfcr of th(. pcptidc backborw unit from v a t w  
to a 1.06 m KI solution was cstimatcd from th(, results of Sandi and 
Robinson.,? An equation similar to Eq. (3) n-as uscd to convc.rt this value 
from the molarity to the molality scale. Tho Aqtr for thc transfer of a 
CH3- from water to  1.13 11% I<I was cstimatcLd from an cyuation givcn by 
Wilcox and SchricrI6 aswmirig that th r  value for J\I \\auld br the sanw as 
that for SaI .  Unfortunatdy, there arc no data in thc litcmturc. that will 
allow cvm an approximation of thr  Agtr of thc lcucyl sidc chain from watw 
to RI solution. 

A study of thc data in Table 111 lcads to thc conclusion that the diffrrcncc 
in p r o t h  dcnaturing ability bctwwi GuHCl arid an "ordinary" salt, KX, 
resides in fairly minor diffcrcnccs in thc thermodynamic quantitks of 
transfer. Thc cnthalpitxs of transfrr of thc pcytidv backbone. unit to both 
salts are negative. For CH3-, cntha1pic.s and mtropics of transfcr that arc' 
of comparable magnitudc for each salt combincx to producc a ncgativcx 
Agt, for thc transfcr of the methyl group to GuHCl but a positive in 
thr  case of Ti1 solutions. To be mow s p d i c ,  a 70-cal dccrcwm in thc 
cnthalpy of transfm of CH3- from water to GuHCl solution from thcl 
enthalpy value for thc transfcr from water to KI  solutions and an SO-cal 
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increase in the entropy term in thc sanie order niakcs thr sign of Aqtr 
ricgativc for GuHCl solutions :tiid positivc for Ti1 solutions. This is :in 
all important diffcrcmcci since. GuHC1 th(wby posscwc's t hv ability to 
solubilizc nonpolar groups whik I<I dow riot. A subtle rat1ic.r than n major 
diff ermcc in thc primary thcrmodynamic quantitiw o f  transfm c:tuscs it, 
however. 

Considt.ration of thv ions comprising t h ( w  salts suggwts that only GuH + 

and I- will have any apprclciablv influcncv on \v:itcxr structurc,. A s  
rcgards thrsc. ions, ccirtairi of thvir molecular paramc.tc.rs arc' coml)arabl(~. 
Thc po1:arizability and radius of I -  arc' 6.2S x cm" :tiid 2.10 X I O P  
crn.lY Wr cmp1oyc.d thc dmsity data o f  Iiic~ll(~y and H:irriiigtoiiig to 
calculate. thr  pxrtial molar voluiiw of GuHCI. l'rom this, th(1 radius of 
GuH + was calculatcld using th(h (quation of Couturc. and L:iidl(~r.'" Thci 
calculatcid radius was uscd in conjunction with th(, rc,fraetivct indox d:tt:i of 
Kicllcy and HarringtoniY and thv qua t ion  o f  130ttch(>r2' to o l h t i n  t,hr 
polarizability. Thr  1wlariz:ibility is 5.43 X mi3 and thv radius is 
2.37 x On thc basis of thc similaritiw I x t w w n  thcw quantities 
and thosct for I- n-c' would cxpcxct, th(x w)rk of cavity formation in  thc trans- 
fcr of thc CH3- group from \v;itc.r to rithw of the. salt solutions to  the. 
same. Is Additionally, dispersion iritc.ractions \\-oultl lilzly tw similar in  thc 
two 

Thc hydrog-c.n-boiidiiig ability of GiiH + and its potvntial for forming r i ( v  
thrc.c-dimc.iwioria1 structurw with watcxr must convc'y propc~rtic~s 011 its 
solution different from the morc conventional structmc brcdwr, I-, how- 
ever. Indccld, thc grcatm Ahtr for transfcr of CH,- bc>t\\-wn natcir and 
Ti1 solutions as opposed to that for transfcrs to GuHCl solutions and t hc 
grcatw As,, for transfrr to GuHCl solutions vcrsus transfcr to IiI solutions 
may bc qualitativcly rationalizd as follows. Thv vxtont of brcakdov-ri of 
structure is lrss in transfcrs of CH,- t o  GuHCl solutioiis than to I\I solu- 
tions bccauso sonic' of thr  watclr structurcx initially brolim by thc GuH+ 
ion is rcp1acc.d by structurc. around thc CH,- involving participation of 
GuH+ ions. This Ira& to thc inor(' positive A H t ,  for transfcr to I<I solu- 
tions vc'rsus traiisfcrs to thc GuHCl solutions. Hccausc. of thv two- 
componcnt naturv of this IWW structur(1, it has a higher mtropy than \\-atchr, 
lttading to the highcir cwtropy of transfcr of CH3- to GuHCI solutions than 
to  IiI solutions. Obviously, this rationalization is complrtely s p c d a t i w .  
Substantiation of this or any othrr hypothc, rcquirw consideration of 
many othcr properties of thcsc solutions as \\-dl as t how of solutions con- 
taining othcr solutes. Wc do fed,  hon-wcr, that variations in u-atcr 
structure produced by diffcrcnces in ionic propc.rtics rathclr than a mode of 
action for GuHCl very diffvrcnt from that of othrr salts charactcrizcs its 
superior drnaturing ability. 
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