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 (-30 A3).However, for the case of water in the bound state, the larger value is probably a more reasonable one. On the basis of these rough calculations, it appears that icosahedral packing of the polar heads is indeed very plausible. SANS measurements have previously shown” that the thickness of the AOT tail layer in swollen reversed micelles is about 8 A. This value, taken along with the radius of the polar core, gives a total micellar radius of about 17.4 A, which is 2.4 A larger than the value of R that we calculated from RG. The apparent discrepancy can be explained if one relaxes the assumption that oil does not penetrate the surfactant tails. This is justified by some recent SANS experimentsz1 on the interactions in AOT micelles and microemulsions which indicate that these aggregates attract one another by allowing the surfactant tails to interpenetrate over a distance of 2.4 A. Because our radius of gyration measurements only apply to the dry micellar volume, the very tips of the tails would not contribute significantly to RG if they were indeed fully penetrated by the decane solvent up to 2.4 A. Instead, most of the solvated region would be occupied by solvent, and the tips of the surfactant tails would appear virtually invisible to neutrons scattered from solutions as dilute as these.
 
 Summary of Results On the basis of SANS measurements of AOT in deuterated cyclohexane, there appears to be a concentration below which no aggregates can be detected. The value we observe is lower than the cmc values generally found by other investigators. The structure of the AOT reversed micelle in decane is illustrated in Figure 4. It indicates that the micelle is approximately spherical in shape. The contrast variation measurement shows that the aggregation number is 22 f 2 monomers per micelle, with each monomer occupying about 612 A3.The micellar core consists of a monolayer of polar heads close packed on the faces of an icosahedron enclosing a region of bound water having a radius of about 4.4 A. The micelle is coated by an 8-A layer of surfactant tails. We estimate that only the last 2.4 A of the tails are penetrated by hydrocarbon solvent. The interpenetration distance is probably limited by the branched, double-chain structure of the AOT molecule.
 
 the Chemgraf illustrations supplied by J. Newsam. This work was supported by the Exxon Research and Engineering Co. and the National Science Foundation.
 
 Appendix: Absolute Intensity Calibration Each SANS spectrum was converted to units of absolute cross section dZ/dn(Q) by independently measuring the isotropic incoherent scattering from a 1-mm-thick sample of protonated decane. Decane calibration spectra were obtained with the same scattering geometry as was used for the sample. Both the measured sample and calibration spectra were corrected for detector sensitivity, background, and empty cell scattering, as described in the Experimental Section. Following a radial average of the data at each wavevector transfer Q, the resultant spectrum, Is(Q), from a given sample is a measure of the number of neutrons per second that are detected within an annulus subtending a solid angle Ail. The spectrum is then normalized to the sample thickness, tS, and the sample transmission, Ts, allowing one to write
 
 Here, 4 is the incident neutron flux, A is the irradiated crosssectional area of the sample, and t is the overall detector efficiency. If the decane scattering data is corrected in the same way, the resultant normalized decane spectrum, ID,can be expressed as
 
 where tD and TD are the thickness and transmission, respectively, of the decane sample. By relating a normalized sample spectrum to a normalized calibration spectrum, one obtains the absolute cross section of the sample in terms of measured quantities, i.e.
 
 where (dZ/dn), is the Q-independent scattering cross section for decane, given by
 
 Acknowledgment. We acknowledge both the staffs of the BNL and the NCSASR for their generous allocations of spectrometer time and their assistance during the experiments. We are also grateful for experimental assistance provided by M. W. Kim and
 
 Registry No. AOT, 577-11-7; CloH2,,124-18-5; C6HI2,110-82-7.
 
 Interaction between Perfluoro Chemicals and Phosphatldylchollne Vesicles C. F. Kong: B. M. Fung,*t and E. A. O’Rearf Departments of Chemistry and Chemical Engineering, University of Oklahoma, Norman, Oklahoma 7301 9 (Received: January 18, 1985; In Final Form: May 13, 1985)
 
 Interactions between three perfluoro chemicals (perfluorodecalin, PFD; perfluorotripropylamine, PFTPA; and perfluorotributylamine, PFTBA) with phosphatidylcholine vesicles were studied by F- 19 NMR, electron microscopy (EM), and differential scanning calorimetry (DSC). The NMR results show that PFD and PFTPA are partly soluble in the bilayer portion of the vesicles, while PFTBA is insoluble. The EM results indicate that PFD and PFTPA form droplets up to 1.5 pm in diameter in the emulsions, while PFTBA forms much larger droplets, up to 8 pm in diameter. The DSC data show that the transition temperature (T,) and enthalpy of transition ( A H ) of the lipid bilayers are not appreciably affected by the presence of PFD and PFTPA, while both T, and AH increase slightly in the presence of PFTBA. The increases may be due to artifacts caused by the inhomogeneity of the dispersions and the fusion of smaller vesicles into larger ones.
 
 Introduction A number of perfluoro chemicals (PFC’s) is used to prepare emulsions that can be applied as blood substituta.1-3 The most commonly used PFC’s are perfluorodecalin (octadecafluoro‘Department of Chemistry. Department of Chemical Engineering
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 decahydronaphthalene; PFD), perfluorotripropylamine (henei~afluorotri-n-ProPYlamine;PflPA), and PrfluorotributYlamine (heptacosafluorotri-n-butylamine;P f l B A ) . Emulsions containing (1) Rim, J. G.; LeBlanc, M. Angew. Chem., Int. E d . Engl. 1978, 17,621. ( 2 ) Riess, J. G.;LeBlanc, M. Pure Appl. Chem. 1982, 12, 2383. ( 3 ) Geyer, R. P. Prog. Clin. Biol. Res. 1983, 122, 157.
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 Phosphatidylcholine Vesicles
 
 PFD and PFTPA (such as Fluosol-DA preparations by Green Cross Corp., Japan) have been widely tested clinically.ei0 These emulsions are not very stable physically and must be. stored frozen. On the other hand, emulsions containing PFTBA (such as Oxpherol preparations by Green Cross) are more stable but are limited to use in animal tests. Human use of PFTBA is not recommended because of its prolonged retention times in the liver and spleen. The differences in retention times seem to be inversely related to the solubilities of the PFC’s in lipids.” In addition to these differences, the three PFC‘s have different effects on red12 and whiteI3J4blood cells. For example, we have found that PFD and PFTPA have negligible effects on the deformability of erythrocytes, whereas PFTBA reduces their deformability in the presence of plasma.i2 These studies suggest that different PFC‘s may interact differently with cell membranes. Unilamellar phosphatidylcholine vesicles are composed of lipid bilayers similar to those in biological cell membranes and have often been used as model membrane system^.'^ To understand the interactions between PFC’s and cell membranes, we have applied three different physical methods to study dispersions of PFD, PFTPA, and PFTBA in the presence of phosphatidylcholine vesicles. These methods are fluorine- 19 nuclear magnetic resonance (NMR), electron microscopy (EM), and differential scanning calorimetry (DSC). It has been demonstrated in thisi6I8 and other laboratorie~”~~ that F-19 N M R is very useful in the study of PFC emulsions. It gives insight into the structure, environment, and properties of the PFC emulsions at the molecular level. EM is a powerful tool in studying the microscopic structure of various species ranging from DNA to minerals on the micron and submicron scale. DSC is a common technique for the measurement of the temperature and enthalpy of phase transition and has often been utilized to investigate phosphalipid systems.
 
 Experimental Section Perfluorodecalin was obtained as a mixture of cis and trans isomers from PCR Research Chemicals, Inc. Perfluorotributylamine was obtained from Columbia Organic Chemicals and perfluorotripropylamine was a gift from Dainippon Ink and Chemicals, Inc. Yolk phosphatidylcholine and dipalmitoylphosphatidylcholine (DPPC) were obtained from Sigma Chemical co.
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 Chemical shift, pprn Figure 1. Fluorine-I9 NMR spectra of perfluorodecalin at 282.23 MHz and 298 K. The bridghead fluorine is not covered. See ref 18 for peak assignment: (A) pure liquid; (B) hexane solution; (C) 1% aqueous dispersion with 10% yolk phosphatidylcholine. External CFCI, is used as reference on the chemical shift scale. 0 I
 
 V
 
 0
 
 I
 
 O
 
 ~
 
 (4) Maugh, T. H., 2nd Science 1979, 206, 205. ( 5 ) Gonzalez. E. R.. J . Am. Med. Assoc. 1980. 243. 720. (6j Tremper,’K. K.; Lafin, R.; Levine, E.; Friedman,’A.; Shoemaker, W. C. Crit. Care Med. 1980, 8, 738. (7) Honda, K.; Hoshino, S.;Shoji, M.; Usuba, A.; Motoki, R.; Tsuboi, M.; Inoue, H.; Iwaya, F. N. Engl. J. Med. 1980, 303, 391. (8) Xiona, R. C. Chuna-hua Wai KO Tsa Chih (Beiina) . -. 1981. 19, 213; MEDLINE-0530118 812~0118,1982. (9) Suyama, T.; Yokoyama, K.; Naito, R. Prog. Clin. Biol. Res. 1981, 55, 609. (10) Prog. Clin. Biol. Res., 1983, 122, 257-352 (12 papers by many authors). (1 1) Moore, R. E.; Clark, L. C., Jr. “Abstract of Papers”, 183rd National Meeting of the American Chemical Society, Las Vegas, NV, Mar 28-April 2, 1982; American Chemical Society: Washington, DC; FLUO5. (12) Holloway, G. M.; O’Rear, E. A.; Fung, B. M. Blood, in press. (13) Virmani, R.; Fink, L. M.; Gunter, K.; English, D.; Sink, L. Transfusion 1984, 23, 343. (14) Virmani, R., to be submitted for publication. (15) Eibl, H. Angew. Chem., I n f . Ed. Engl. 1984, 23, 257. (16) Parhami, P.; Fung, B. M. J . Phys. Chem. 1983, 87, 1982. (17) Fung, B. M. Org. Magn. Reson. 1983, 21, 397. (18) Kong, C. F.; Holloway, G. M.; Parhami, P.; Fung, B. M. J . Phys. Chem., 1984, 88, 6308. (19) Delpuech, J.-J.; Hamza, M’H. A.; Serratrice, G.; Stebe, M.-J. J . Chem. Phys. 1979, 70, 2680. (20) Hamza, M’H. A.; Serratrice, G.; Stebe, M.-J.; Delpuech, J.-J. J . Magn. Reson. 1981, 42, 227. (21) Hamza, M’H. A.; Serratrice, G.; Stebe, M.-J.; Delpeuch, J.-J. J. Am. Chem. SOC.1981, 103, 3733. (22) Lai, C.-S.; Stair, S. J.; Miziorko, H.; Hyde, J. S. J . Magn. Reson. 1984, 51, 447. (23) Clark, L. C., Jr.; Ackerman, J. L.; Thomas, S. R.; Millard, R. W.; Hoffman, R. E.; Pratt, R. G.; Ragle-Cole, H.; Kinsey, R. A,; Janakiraman, R. “Advances in Medicine and Biology”; Plenum: New York, in press. (24) Stebe, M.-J.; Serratrice, G.; Delpuech. J.-J. J . Phys. Chem. 1985,89, 2837.
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 Chemical shift , ppm Figure 2. Fluorine-19 NMR spectra at 282.23 MHz and 298 K of two PFC (1%) dispersions with 10% yolk phosphatidylcholine. The circles indicate peaks due to the PFC droplets and the triangles indicate peaks due to PFC dissolved in the lipid bilayers: (A) perfluorotripropylamine; (B) perfluorotributylamine. The very small peaks in B are due to impurities; they are also present in the spectrum of bulk PFTBA.
 
 Dispersions were prepared in the following way. A sample of dried yolk phosphatidylcholine and an appropriate amount of a PFC were dissolved in ether. The solvent was evaporated by gently blowing nitrogen gas over the solution in a test tube and the ensuing residue was left in the hood overnight. Then a suitable amount of H 2 0 (for E M and DSC) or D 2 0 (for N M R ) was added, and the mixture was sonicated i n a bath-type sonicator (Model G112SPIT, Laboratory Supplies Co., Inc.) for 15 min.
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 TABLE I: Temperature and Enthalpy of Gel-to-Liquid Crystal Transition of Dipalmitoylphosphatidylcholine(DPPC) Dispersions in Water system T,,,, “C AH, kcal mol-’ 10% DPPC only 41 .O 8.7 f 0.1 IO% DPPC 4% PFD 41.0 8.5 i 0.1 10% DPPC + 4% PFTPA 41.1 8.6 i 0.1 10% DPPC 4% PFTBA 41.2 9.3 f 0.1 41.1 8.9 f 0.1 10% DPPC + 3% PFTBA IO% DPPC + 2% PFTBA 41.0 8.6 i 0.1
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 Figure 3. Fraction of PFC droplets determined from fluorine-I9 NMR spectra. The systems are aqueous dispersions of PFC’s with IO% yolk phosphatidylcholine: 0 , perfluorodecalin;A, perfluorotripropylamine; D, perfluorotributylamine
 
 In the case of dipalmitoylphosphatidylcholine,the compound came as a powder and the solvent treatment was not necessary. It was dried overnight under vacuum before sonication for preparing samples for the EM work. All F-19 N M R measurements were carried out at 298 K and 282.23 MHz with a Varian XL-300 spectrometer. The D 2 0signal was used as an internal lock. DSC measurements were made by using a Perkin-Elmer DSC-2 instrument. The heating rate was 0.31 deg/min. The electron micrographs were taken with a Zeiss EM-1OA transmission electron microscope. Times for sample deposit and for staining (5% uranyl acetate) were each 5 s.
 
 Results and Discussion F- 19 chemical shifts are very sensitive to the environment. We found that all F-19 peaks of PFD move downfield by about 2 ppm in hexane compared to those in the bulk (Figure 1, A and B). PFTPA behaves similarly. PFTBA is only slightly soluble in hexane; the spectrum of a saturated solution shows a similar change. The aqueous dispersion of PFD with yolk phosphatidylcholine (yolk PC) shows two sets of peaks for each fluorine atom (Figure 1C). A comparison with the spectra in the bulk and in hexane shows clearly that PFD exists in two environments in the dispersion. The set of peaks at higher field is due to undissolved PFD droplets, and the set of peaks at lower field can be attributed to PFD molecules dissolved in the lipid portion of the phosphatidylcholine vesicles. The chemical shifts of the latter move to slightly lower fields compared to those in hexane. This is probably due to the ordered nature of the lipid bilayers. Similarly, PFTPA shows two sets of F-19 peaks (Figure 2A). On the other hand, PFTBA does not show detectable lipid-associated peaks in its dispersions with yolk phosphatidylcholine (Figure 2B). The ratio of the two sets of peaks in dispersions of the three PFC’s are plotted in Figure 3. For a given composition of PFD or PFTPA, the intensity ratio of the two sets of peaks actually varied with the
 
 condition of sonication. Therefore, the plots in Figure 3 only represent a general trend for the partition of the PFC’s in the droplets and in the lipid bilayers. It is of interest to note that the addition of one CF2 group in each of the three chains significantly alters the partition behaviors of the perfluorotrialkylamines. Fluorine-19 spectra of dispersions of the three PFC’s with dipalmitoylphosphatidylcholine(DPPC) were also studied. In the liquid-crystalline phase of the lipid bilayers at 45 ‘C, both PFD and PFTPA show two sets of fluorine peaks, similar to those in Figures 1C and 2A, respectively. However, the relative intensities of the lipid-associated peaks are considerably less than those in the yolk PC dispersions. This result indicates that the solub of PFD and PFTPA in the lipid bilayer of DPPC are smaller than those in the lipid bilayer of yolk PC. The difference may be due to the presence of different types of aliphatic chains in the latter. Quantitative determinations were not made because of reasons stated in the previous paragraph. In the gel phase at 25 ‘C, the lipid-associated peaks of PFD became much broader. The changes in the line widths (and therefore peak heights) were reversible without resonication. For a dispersion of PFTBA in DPPC in either the liquid-crystalline or the gel phase, the F-19 spectra are identical with the spectra of bulk PFTBA and did not show any detectable lipid-associated peaks. This indicates that PFTBA is practically insoluble in the lipid bilayer of DPPC, similar to the case of yolk PC (Figure 2B). To investigate the nature of the PFC-phosphatidylcholine dispersions, their electron micrographs were taken and examined. Figure 4A is the electron micrograph of a pure yolk phosphatidylcholine dispersion. It shows unilamellar vesicles ranging from 0.02 to 0.10 pm in diameter, in agreement with results in the literature.26 In the presence of PFD (Figure 4B) or PFTPA (Figure 4C), PFC droplets appear among the phosphatidylcholine vesicles. The diameters of the droplets are up to about 0.15 pm. There are more medium-sized and large droplets in the system with PFTPA (Figure 4C) than that with PFD (Figure 4B). In the presence of PFTBA, much larger droplets up to 8 pm in diameter are observed (Figure 4D). Meanwhile, the sizes of the phosphatidylcholinevesicles appear considerably smaller than those in the absence of any PFC (Figure 4A). The presence of the PFC’s seems to affect the sizes and size distributions of the sonicated yolk PC vesicles. For example, in the presence of PFD, there appears to be a population with more small vesicles (Figure 4B) than the dispersions with yolk PC only (Figure 4A) or with yolk PC and PFTPA (figure 4C). The reason for this is not clear. Electron micrographs of PFC dispersions with DPPC were also taken. Their basic features are essentially the same as those shown in Figure 4. The gel-to-liquid crystal transition (“melting”) of phosphatidylcholine may be affected by compounds dissolved in the bilayers, such as c h o l e ~ t e r o l .A~ useful ~ ~ ~ ~technique for the study of the transition is differential scanning calorimetry (DSC). Results of our DSC measurements are listed in Table I. The data show that both the transition temperature (T,) and enthalpy (AH) of dipalmitoylphosphatidylcholine (DPPC) are not significantly affected by PFD and PFTPA. This suggests that PFD and PFTPA are not only chemically inert, but also that their incorporation into the lipid bilayers has little effect on the physical properties of the latter. This is not surprising, because from the (25) Ladbrooke, B. D.; Chapman, D. Chem. Phys. Lipids 1969, 3, 304. (26) Barenholz, Y . ;Gibbes, D.; Litman, B. J.; Goll, J.; Thompson, T. E.; Carlson, F. D. Biochemistry 1977, Id. 2806.
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 F-19 spectra of the PFC dispersions with DPPC we can estimate that the mole fraction of either PFD or PFTPA dissolved in DPPC is about 0.05. Mast hydrophobic compounds at this concentration level do not appreciably change T , and A H of the phase transition of DPPC. and PFD and PFTPA do not appear to be exceptions. In the case of PFTBA, T, and A H o f the DPPC vesicles increased very slightly when the concentration of PFTBA was >3%. The major characteristics of the PFTBA-DDPC dispersions are smaller vesicles and larger PFC droplets (Figure 4D). However, it is known that a decrease in the sizes of PC vesicles usually leads to a decrease, not increase. in 2. and Since the solubility of PFTBA in DPPC is less than 'OI (mole fraction) as judged from the F-19 N M R spectrum. any presence of PFTBA in the
 
 lipid bilayer would hardly be the muse of the increaseS in T, and A H . These increases are not likely to be due to any impurities in PFTBA because of the following consideration. The largest quantity of PFTBA that can be dispersed in IO% DPPC without phase separation is about 4%. The amount of impurities in PFTBA is about 1%. Even if all of the impurities dissolve in the lipid bilayer, their total concentration would be about 4 X IO-] (mole fraction). It is highly unlikely that they would be the cause for the increases of T , and A H . We suggest that these small increases could be due to one or both of the following reasons. First, it has been shown that small unilamellar vesicles are unstable below T . and spontaneously fuse to larger vesicles of about 0.07 pm in diameter?*]' Samples used in the EM study
 
 (21) Grucnvald. 6.:Stankowrkj.S.: Blume. A. FEBSLnr. 1979.102.221.
 
 (29) Suurkuusk. J.; Lentr. B. R.:Barcnholz, Y.;Biltonen. R. L.: Thamp son. T. E. Biwhmislry 1976, IS. 1393. (30) L a r r a k e . A. L. Biochemistry 197% Id. 3321.
 
 (28) Lichtenberg. D.: Freirc. E.: Schmidt. C. F.: Barenhalr. Y.; Fclgner. P.L.. Thornpon. T. E. Biochemistry 1981. 20, 3462.
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 were prepared and fixed on the grids immediately after sonication. It took longer for the DSC study to be completed. We have not attempted to investigate the fusion of the yolk PC or DPPC vesicles in the presence of the PFC’s. However, it is possible that in the presence of PFTBA the smaller DPPC vesicles had fused into larger ones in the DSC study. Second, the PFTBA emulsions disperse far less evenly than the PFD and PFTPA emulsions or the vesicles alone. With large droplets of PFTBA in the emulsion, this inhomogeneity includes significant variation in both particles sizes and their composition. Energy transport in the sample may be described by the Fourier field equation:33
 
 d T / d t = aV2T where a is the thermal diffusivity. Particle size and shape will affect the Laplacian of the temperature and the composition will affect a. In essence, a homogeneous sample may be treated as a pseudocontinuum while an inhomogeneous one requires a separate equation for each discrete region. The latter case means that there are different temperature profiles with time in the sample chamber. Since a DSC curve records the change in C, with temperature and AH is obtained by integrating the area under the curve, the smaller sizes of the lipid vesicles and the large inhomogeneity in the dispersion in the presence of PFTBA may ~~
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 (31) Schullery, S. E.; Schmidt, C. F.; Felgner, P.; Tillack, T. W.; Thompson, T. E. Biochemistry 1980, 19, 3919. (32) Schmidt, C. F.; Lichtenberg, D.; Thompson, T. E. Biochemistry 1981, 20, 4792. (33) Bird, R. B.; Stewart, W. E.; Lightfoot, E. N. ”TransportPhenomena”; Wiley: New York, 1960; p 353.
 
 cause part or all of the small apparent increases in T , and AH. These increases are nevertheless very small and we do not consider that they are significant with regard to the physical interaction between PFTBA and PC vesicles. In summary, we have observed that in dispersions with phosphatidylcholine perfluorodecalin and perfluorotripropylamine are distributed in two environments, inside the phospholipid bilayers and in the form of tiny droplets up to 0.15 pm in diameter. These two PFC’s do not appreciably change T , and AH of the gel-toliquid crystal transition of the lipid bilayers. On the other hand, perfluorotributylamine does not dissolve in the phosphalipid bilayers. It forms larger droplets up to 8 pm in diameter. In the presence of perfluorotributylamine, phosphatidylcholine vesicles formed by sonication are smaller in diameter and apparently have higher T , and AH, which may be due to the inhomogeneity of the dispersion and the fusion of small vesicles into larger ones. The sizes of biological cells are much larger and are not expected to change in the physical presence of perfluorochemicals. Therefore, we can only speculate that the larger, usually detrimental effects of PFTBA on red and white cells may be due to its interaction with the membrane surface or cytoplasm of the cells rather than affecting the properties of the lipid interior of the membranes. Acknowledgment. This work was supported by the American Heart Association and its Oklahoma Affiliate and PHS Grant HL32640. We thank Dr. Stephen G. O’Neal for helpful discussions and Mr. William F. Chissoe for taking the electron micrographs. Registry No. DPPC, 2644-64-6; N(CF2CF,CF,),, 338-83-0;N(CF2CF2CF2CF,)3,3 1 1-89-7; perfluorodecalin, 306-94-5; cis-perfluorodecalin, 60433-11-6; trans-perfluorodecalin,60433-12-7.
 
 On the CD, Probe Infrared Method for Determlnlng Polymethylene Chain Conformation M. Maroncelli,+H. L. Strauss, and R. G. Snyder* Department of Chemistry, University of California, Berkeley, California 94720 (Received: March 1 1 , 1985; In Final Form: May 28, 1985)
 
 The rocking mode frequency of a CD2group substituted in a polymethylenechain is sensitiveto conformation in the immediate vicinity of the CD, group. This sensitivity forms the basis of a commonly used infrared method for determining site-specific conformation in polymethylene systems. In the present work, the CD2 probe method has been extended and quantified with the use of infrared data on model CD,-substituted n-alkanes. The frequency of the CD, rocking band is determined primarily by the conformation of adjoining CC bonds, Le., by tt, gt, and gg pairs. However, we have found that there are significant frequency shifts associated with other factors. These include the conformation of the next nearest CC bonds, both with the CD, positioned at the end and in the interior of the chain, and chain length. In addition, the ratio of the absorptivities of the tt to gt bands has been established. These results enable the method to provide new details about the conformation of the chains in polymethylene systems and reliable estimates of the concentrations of specific kinds of short conformational sequences.
 
 Introduction The rocking vibration of an isolated CD2 group in a polymethylene (PM) chain is uniquely sensitive to the conformation of the chain in the immediate vicinity of the CD, group. The band associated with this vibration is intense in the infrared spectrum and appears in a frequency region (690-600 cm-’) that is essentially free of other P M bands. For these reasons, the CD, rocking mode provides a convenient sitespecific probe- for studying the conformation of PM chains in a variety of systems. The CD2 probe technique was initially used to study crystalline polyethylene.’ In that study, it was demonstrated that adjoining pairs of C C bonds having the conformations tt and gt could be Current address: Department of Chemistry, University of Chicago, 5735 South Ellis Av., Chicago, IL 60637.
 
 distinguished and the relative concentrations of these pairs estimated. In recent studies on the low-temperature and high-temperature solid phases of n-alkanes, we have used the CD2 method to determine the kind and degree of conformational disorder in the n-alkane chains as a function of position along the chain.*s3 In carrying out this work, it was found necessary to measure the CD2 rocking band for a variety of CD,-substituted n-alkanes and to extend the analysis of this band beyond that reported earlier. As a result, the capability of this technique to detect and measure conformation has been improved significantly. (1) Snyder, R. G.; Poore, M. W. Macromolecules 1973, 6, 708-15. (2) Snyder, R. G.; Maroncelli, M.; Strauss, H. L.; Elliger, C . A,; Cameron, D. G.; Casal, H. L.; Mantsch, H. H. J . Am. Chem. SOC.1983, 105, 133-4. (3) Maroncelli, M.; Strauss, H. L.; Snyder, R. G . J . Chem. Phys. 1985, 82, 281 1-24.
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