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We report the results of temperature-dependent optical Kerr effect experiments for formamide

(FA) and N-methylformamide (NMF). Binary solutions of FA and NMF were also studied with

water, acetonitrile, and N,N-dimethylformamide as cosolvents.
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The series formamide (FA), N-methylformamide (NMF), and N,N-dimethylformamide (DMF)

have been studied using the optical-heterodyne-detected optical Kerr effect (OHD-OKE). The

formamides are of great interest because of their high polarity, large dielectric constants, and

strong intermolecular hydrogen-bonding interactions. The amides are frequently used in

synthetic chemistry as solvents, and are valued as model compounds for studying hydrogen-

bonding interactions between proteins and water.

We have studied neat FA and NMF as a furiction of temperature. In addition we have studied

binary solutions of both FA and NMF with water', DMF, and acetonitrile as cosolvents at room

temperature. Our data reveals an underdamped librational motion (previously assigned to an out-

of-plane libration between hydrogen-bonded amide pairs [1] ) that changes dramatically with

temperature and also with concentratio,_ in a binary solution.

The experiments were carried out using the same geometry as McMorrow et al. [2] , with the

exception that a femtosecond mode-locked Ti:Sapphire laser was used instead of a dye laser.

Results l,,r the FA and NMF temperature-dependent experiments are shown in Figures 1 and 2,

respectively. Careful analysis shows that the bump at,parent in the signal at -400 fs delay is the

second period G_"the underdamped librational motion with a frequency of-100 cm -1 The longer

tail of the signal arises from the Brownian rotational diffusion of the molecules. This rotational

reorientation component of the siignal could not be fit well to a single or stretched exponential

decay, but acceptable fits were obtained using a bi-exponential model.
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I'11c tCmpcFattuFCd:lta l't}FfoFmamidc ilLswell tOa 3-term model for the nonlincaF _ptical

Fespt_nse. The thFce terms include the underdamped libration at -100 cm -1, the bi-exponential

slower component arising from diffusive reorientafional motion, and the component that tracks

the femtosecond laser autoconelation response arising from the electronic hyperpola_izability.

For ali other samples of NMF and binary solutions of FA, a four-term model w_ required to

achieve the best fits. This model included all of the components in the three-term model, with an

additional intermediate overdamped librational term, similar to the analysis of McMorrow, et al.

[2]

The longer of the two exponentifl lifetimes for both FA and NMF decreased significantly with

increasing temperature. Using an Arrhenius analysis, we found activation energies for the

slowest reorientational diffusion component of 4.52 and 1,81 kcallmol for FA and NMF,

respectively. These values correspond well to the published values of hydrogen-bond formation

enthalpies for FA and NMF of Spencer, et al. [3] . Thus, we find that the slowest motions

resolved in our experiment correspond to the making and breaking of individual hyd,Jgen bonds

in the formamides.
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l_:igure Captions

Figure 1. OHD-OKE birefringence anisotropy transients for neat formamide as a function of

temperature. Decays are all normalized to the same amplitude, and ofl_et by a constant factor for

clarity.

Figure 2. OHD-OKE birefringence anisotropy transients for neat N-methylformamide as a

function of temperature. Decays are ali normalized to the same amplitude, and offset by a

constant factor for clarity.
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