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A CRAAtPS and TMC C1? MAS NbM Eantit of cl, pea behaves similarly, a broad, low 24.9 ppmi peak at 218 *CSolid-Solid Trnstions In x-exaWricontane (CxHvi) which sharpens and moves upfleld to 246 ppm at 70.8*C, where
one an see evidence of a shoulder peak growing in on the upfiedMelt. T Stewrt. William L jarrett and LWn T MatNW side of tie peak. By 71.6 C, all of the C-CH,2 resonance has moved

Department of Polymer Science to this upfield chemical shift (24.0 ppm).The University of Southern Mississippi Thie changes In both the methyl and cr-CH, resonances are
Southern Station Box 10076 rnncooperative transitiomsix, a gradual transfer oocur between

I tiesburg, Mississippi 39406-0076 discrete states, without a significant: duemical shift dianige in either
of the peaks. The examples of this phenomenon are die two methylRufina Q~ Alamo and Leo Mandelkern. peaks changing Intensity from, 25.8-70.8 -C and dhe Intensity diang

Department of Chemistry and Institute of Molecular Biophysics u% dft aCrli peaks ove the 66S-716 "C range.
The Florida State University The all-trans -Cli,- peak at 32.9 ppm also narrws with
Tallahasse, Florida 32306 increasing temperature, and shoulder peaks begin to be seen, at 70.8

C, just before die pseudohexagonal transiton. Upon entry Into die
The normal paraffins can underg several transitons before pedhagalphase, die internial methylene peak raowsmelting! and may thus serve as interesting model compounids for shrl nd mvsdwfedt333ppm, showing two peaks that

polyetlene, whc also undergoes sld-solid transitions, th e ahide enahIte - (31.9 ppm) and 64Cu2 (32.4 ppm)
strongest and best-known being the so-cale a transition Our peaks.

minarution, of n-lieatriacontarie (C36) has been greatly furtheredl Significant spectra from the CRAMPS variable-temperature
by the use of die solid-state 1H NMvR technique known as CRAMPS series are shown in Figure 4, along with text showing the(Combinted Rotationt And Multiple Pulse Spectroscopy) 2  This correlations between the changes seen in die CRAMPS spectra and
technidque, combined with DSC and "C CP/MAS; NMR, has allowed transticxis observed in the DSC thermograms and uC setaus to make tentative assignments for the molecu motions These spectra dlearly show the peak resolution of the CRAMPSoccurring at different temperatures below the melting poit. technique, and tie advantage of this techniqlue ove standard MASDSC of C36 crystallized by various methods at several Ili NMR is easily seen. Close correlation with "C andl DSCcooling rates displays several different patterns of endothermic: trasiions is observed. The disappearance of die miethyl. peak at 0transitions in die solid phase, depending on thie sample treatment, ppm (0O0m chtemical shift are unreferenced, and the largest peak.as many as three solid-solid or "premelt" transformations can be which we assign to the maint-diai -CH2- protons an-d appears to beseen to occur. DSC measurements were conducted on ftese consistent in all spectra, was arbitrarily set at 1.2 ppm.) between 55-5samples using a TA Instruments Model 2920 DSC in, standard mode and 66.0 *C correlates with the baselinoe shift seen in DSC (seewith a heating rate of 0.5 'C/minute in a nitrogen atmosphere. below) and small chemnical shift changes in the upfield methyl andNMR measurements were conducted on a Bruker MSL-40 a-CH2 peaks. A narrowing of the internal -CH,- peak between 69.2speometer (400.13 Mh 'H, 100.003 MHz "C) using standard and and 70.0 -C is assigned to greater chaini freedom assciated with thiehih-emperature Bruker double-air-bearing magic-anglespinning onset of die IJSC preinelt transitions.(MAS) probes. "C spectra were collected at appmbxiate 1 K Between 71.7 and 73.5 C(-, the CRAMPS spectra show entrytherma inervals usn cross-polarization (CP) and MAS. "C into die pseudohexagonal phase, as seen by tie appearance of twoexprmena times were shortened by the use of a flipback pulse downfield houlde (A and 1.8 ppm) on the internal -Ci,- Peak(negative W0 'H pulse). CAPS spectra were acquired using the and baseline reoluon of the Internal -Cli, and methyl (0.8 ppm)BR2 paw seulefce.' peaks. These shoulder peaks continue to become mote defined untilA representative DSC trace of a inelt-crystallized C36 sample the mrelting transition between 76.5 and 79.7 OC; at which powit theis shown in Figure 1. This sample was heated above dhe melt in the 1,4 ppm, shoulder peak on the internal -Cli,- peak diminishesDSC, t&m the sample pan was removed and placed an a room- gretly mnd the 1.8 ppm, peak increases in intensity. A thid
temperaturei aluminum slieet Two large transitions, corresponding shoulder peak at 1.3 ppm may be discerned in the 76.5 *C Spectumto die transition to the pseudoheagonal cc 'rttr phase (72.7 We have not as yet been able to assign tdise peaks, to specific*C) and to the melting transition (74.94 *C), are readily apparent. mzolecular motions, but the correlation with the OC and DSC dataAlso visible are two smaller premelt transitions (70.72 and 69.93 C) encourages die conclusion that the changes in die CLAMPS spectrathat become mnore defined upon enilargmnt of the thermogram reflect the same transitions.The DSC thermogrm of die other applied sample treatment It is perhaps easie to see the correlation, betweentheIs shown In Figure 2. The sample was melted in a small beaker in daemical shift changes m. the "C- CP/MAS specta and ft=Wa water bat then poured fito liquid nitnen,, colected, dried, and trrultitmi by looking at Figure 5, which overlays t hdemiml shiftplacied in a DSC sample pan. Note that the melting (75.0 C), peak values from collected CP/MAS spectra onto a greatly enlargedpsedobxagnal(72M7 C), and smale premrelt (7024 C) renditio of the thermogram. from Figure 1. At this level oftrninare very similar to those seen In Figure 1. In facd, die enlargement, another previously unseen DSC transition is observedprentelt atrasition meen here appears to be a combination, of the two at approxmately 58 OC, which may cor-elate with an approimatelypremelt transitions seen In FEgure 1L By correlating dthermunal ta ppm oscillation, in die a-CH2 peak chemical shift seen hm 50transitions seen in these DSC spectra with the solid-state NUIR to 60 oC.
spectra for the Sam sample treatments, it is possible to assign types Another item of note observed from Figure 5 is that dmmagesof moular motions to each of the transitions, in chemical shift oocur at die onset of thermal. btsins Inw ine DSC.Figure 3 shows a stack plot of significant spectra in die Perhaps die most obvious point at which this occurs Is at the Ivariable-tempetature OC CP/MAS seisfor a sample treatment pedeaoaltransition. 1DdR onset (discorimties in the all-similar to dhat of the sample whose DSC thermogram- is shown in trans region, near 30 ppm and in the c-Cl,2 region near 25 ppm) forFigure 1. The 25.8 -C spectrum displays two broad methyl peaks, this transiton, is 72.2 *C, which correlates well with die DSC cinsetat 14.8 and 15.2 ppm. Both of iese are also present in die 66. eC of 72.1 Cf. Following this argument, Vie disappearance of thespectrum but only a shar 1U. ppmt methyl peak remains at 70.s downfield methyl peak and a sliht upfleld shift (0.1 ppm )of theor- This peak gradually drifts upfleld and sharpens a bit more, upfleld methyl peak may be correlated with die onset of die DSCreaching 14.4 ppm in the pseudohexagonal phase at 73.0 'C. The a- transition that peaks at 69.9 -C
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