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.' I. INTRODUCTION

Recently, there has been a renewed interest in questions related to the

interaction between polarized atomic systems and surfaces. 1,2 This attention

stems not only from the intrinsic chemical interest of atom-surface

interactions, for example the manner in whiuh various atomic polarization
J~. 1states relax on impact with solid surfaces, but also from a technical

interest in developing capabilities to store spin-pularized vapors for H- ion

sources3 and atomic frequency standards. 4  As a result of the technical

interest, a fair amount of study to date has focused on the interaction

between spin-polarized alkali vapors and glass substrates coated with an

organic material, specifically, alkanes physisorbed to Pyrex or silane

compounds chemisorbed to Pyrex. Quite often these studies take the form of a

spin-polarization relaxation experiment, where the rate of relaxation is

measured for an .?Ikali atom impacting the coated walls of a Pyrex storage

vessel (i.e., a Pyrex resonance cell); and possibly the best example of such a

study is the pioneering work of Bouchiat and Brossel.
5

In the mid-sixties, Bouchiat and Brossel performed a series of elegant

- experiments investigating the nature of rubidium spin-polarization relaxation

on alkane (paraffin) surfaces,5 and as a result fashioned a clear and simple

picture of the general alkali spin-polarization surface relaxation process.

Accordiiig to Bouchiat and Brossel, when an alkali atom impinges on an alkane-

iike surface and is physisorbed for a time a , two uncorrelated interactions-o'. a
work to depolarize the alkali spin. The first interaction was shown to be a

magnetic dipole-dipoie interaction between the spin of the alkali's valence

electron (coupled to the alkali's nuclear spin) and the nuclear spins of the

protons on the surface. The second interaction was thought by Bouchiat and

Brossel to be of the spin-orbit type, in which the alkali atom would

experience a perturbing magnetic field due to the relative motion of the

. surface carbon atoms. Thus from the alkali atom's perspective its wave

furL;LiU[, is perturbed during the adsorption by two types of surface related

magnetic fields. Furthermore, since surface molecules vibrate, and since a

7
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physisorbed alkali atom may hop from site to site during its adsorption, these

magnetic fields will vary randomly in time, implying that each interaction,

the dipole-dipole and spin-orbit which will be labeled I and 2, respectively,

yields a time-dependent perturbation with an associated correlation
'..:time Tc and -r2 These correlation times are physically distinct from the

adsorption time, since they indicate the time it takes for a specific

perturbation to lose information of its past history; the adsorption time on

the other hand indicates the total time interval over which the perturbation

acts. The correlation times determine the magnitude of each interaction's

spectral density at the alkali's resonance frequency. If the correlation

times result in a large spectral density at the alkali's resonance, and if the

alkali interacts with the perturbing fieids for a sufficiently long time, then

the surface will be effective in relaxing the alkali'3 spin-polarization.

Thus, it is apparent that surface relaxation rates for alkali spin-

polarization depend on the adsorption time of the alkali, the strength of the

perturbing magnetic fields, and the perturbing fields' correlation times.

Unfortunately, this picture is incomplete when it comes to interpreting

the various surface relaxation phenomena found in the laboratory. For

example, drastically different spin-polarization relaxation rates for

-different samples of the same type of surface have been observed by various

authors.2 '6 '7 A question therefore arises as to whether these different rates

relate to variations in interaction strengths and correlation times, or to

differences in the spin-polarized atom's adsorption time. Furthermore, in

light of the differences in measured relaxation rates from sample to sample, a

,- * second question arises as to the validity of experimental results which

indicate the near equivalence of relaxation interactions on various types of
S7

alkane-like surfaces.7  In order to sort out these ambiguities a means of

investigating interaction strengths and correlation times independent of the

adsorption time is required. in the present series of experiments,

investigating the relaxation of rubidium hyperfine polarization (i.e., the

observable ,I-S) on dimethylsiloxane surfaces, the parameter p, defined as

Sthe ratio o'" the Rb8 5 surface relaxation rate to the Rb8 7 surface relaxation

.A., rate, is considered. This parameter will be shown below to depend only on the

S-8
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various interaction strengths and correlation times, and not on the alkali's

surface adsorption time. Measurements of this parameter can therefore be used

to resolve some of the remaining ambiguities regarding the surface relaxation

of alkali spin-polarization.

One of the purposes of the present study is, therefore, to discern the

most likely cause of the disparity among surface relaxation rate measurements

for different samples of the same type of surface. Some of the more likely

candidates include variations in adsorption time, variations in interaction

strengths and/or correlation times, and variations in the degree of substrate

coverage by the alkane-like surface. Additionally, it is the purpose of this

study to quantify the extent to which different alkane-like surface relaxation

interaction strengths and correlation times are equivalent. Since the

dimethylsiloxane surface is sufficiently different from the alkane surface

4studied by Bouchiat and Brossel, yet alkane-like in the sense that the two
,8

methyl groups are the outermost functional groups of the surface, a

comparison of the p values obtained by Bouchait and Brossel with those

obtained in the present study will provide a measure of the equivalence of

these quantities between two different types of surface.

I
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I I. THEORY

From the work of Bouchiat and Brossel 5 (see also Happer, ,ef. 9), the

surface relaxation rate of I-S> on alkane-like surfaces can be written in the

form
2 2

__A (2 a 1 cl 2 c2
s 3 Ta v I (Tc 2 + WA)2

where - is the gyromagnetic ratio of the electronic angular momentum, T isv

the mean time of flight between alkali-surface collisions, the hi and r. are,

respectively, rms magnetic field amplitudes and correlation times of the two

interactions, and WA is the ground state hyperfine splitting fzr an alkali

isotope of atomic mass A. a is the adsorption time of alkali atoms on thea

surface, and is the parameter most sensitive to the details of the alkali

physisorption (i.e., the adsorption energy).1 0 Since for all practical cases

of interest T a , T and since Tc2 is of the same order of magnitude as a

surface vibration 1 period (i.e., c2 sec W 1 for all stable alkali
c2 A

isotopes), Eq. (1) can be simplified to

2
A 2 22 ('haT c2 1

"s = h1-c- 3 x + 1 ( W ) 2

h1 cl 1 A

To a good approximation Eq. (2) should also be valid for alkali spin-

polarization relaxation or, glass surfdces coated 6ith dichloroimethyls

When dichiorodimethylsilane chemisorbs to glass, a homogeneous siloxane phase

is formed on the silica surface by bingle surface-to-dimethylsilanei8t"
attachments.8,11 Essentially, this chemisorption proceeds through multiple

steps as illustrated in Fig. 1.8 In the ptimary reaction Si(CH 3)2C12 reacts

with silanol hydroxl groups on the surface, yielding a condensed siloxane

phase. In the secondary reaction steps, adsorbed water hydrolyzes some of the

unreacted chlorines leading to Si(CH3 )2 (CI)(O-) ana Si(CH3 )2 (OH)(O-) species

in close proximity. With a slight bond angle adjustment these species can

4
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CH -S O CI-S\ H CH3 - Si-Cl Cl-Si -CH3

:: OH OH __________

(a)

C o CH3  CH3  CH3  CH3

: CH3-Si-OH CI-Si-CH3  on cH3 -Si- 0 Si-CH3I I I I

!il o xn moce oiC 32C) - Susqetraon fti

______________ i I

V--.

,.:-..(b )
;"Fig. 1. Schenat zc Representat ior, of the Reaction Steps for the

Chemisorption of Dichlorndimethylsilan tCa Glass. (la) Si(CH )2 Cl,
i , reacts with OH groups on the surface yielding HCI and a condensed

[. siloxane molecule Si(CH3 )2 (Cl)(O-). Subsequent reaction of this

siloxane molecule with adsorbed water leads to situations as
depicted in 1b. (lb) Adsorbed water has hydrolyzed some of the
unreacted chlorines, leading to Si(CH 3 )2 (Cl )(O-) and
Si(CH 3 ) 2 (OH)(O -) species in close proximity. With a slight bond

angle adjustment, these neighboring species can react to form iCl
and the vertically polymerized dimer [Si(CH 3)2(O-)]2.

12
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tnen react to form tne vertically polymerize, structure of Fig. . Th-s,

when an aikali atom impinges on the imethylsiloxane QDMS) surface it

initialv interacts with the outermost methyl groups, so that one would expect

t -e surface's polarization relaxation mechanisms to ze due to magnetic dipole

type interactions and the form of Eq. (2) to hold. However, since both oxygen

and sil.con are higher 7 elements than carbon, an since spin-orbit relaxation

in the gas phase increases as -3,12 one might expect an increase in the h2

parameter for the DMS surface if' the alkali atom can get close enough to

eitrer of these higher Z elements.

Considering Eq. (2) it is clear that the relaxation rate is directly

proportional to the aascrption time -a' and a term (in brackets) which

contains the informat on on the polarization relaxation interactions.

However, since T can depend on the de~alis of the surface coating's

- preparation, ,3 comoarisons of raw relaxation rate measurements will always

contain a degree o: amniguity. Thus, in order to make a comparison with the

results of Bouchiat and Brossel we consider tne parameter p, which is the

S.- ratio of Fb3  to R I8 7 ..S surface relaxation rates

2 -1
85, 87 CI 851

cl 87

where 5 In hc The advantage of considering this parameter is that.~~ -, dc2 h1,'C1

it is independent of a , yet sensitive to variations in tne parameters that

descrite tne I-S, relaxation interactions.

1
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111. EXPERIMENT

In order to measure rabidium isotope *I-S) wall relaxation rates, an

experimental apparatus was constructed, and is shown schematically in Fig.

2. A single-mode Hitachi diode laser, HL 7801E, with a few milliwatts output

power and a linewidth of 46 MHz, was tuned to the D2 resonance of rubidium at

780.2 nm (5 2 P3 2 - 52.3/2), and was split into a collimated pump and probe

beam. As shown in Fig. 3, the ground state hyperfine splitting of each

isotope was clearly resolved by the diode laser. The pump beam was focused

onto the blade of a mechanical chopper, and then recollimated before passing

tnrough the coated spherical resonance cell. The probe beam was angled

slightly with respect to the pump beam, and was attenuated by neutral density

filters so that the measured relaxation rates could be extrapolated to zero

* probe light intensity. The spatial resolution of the pump and probe beams was

necessary, because it was found that the pump beam saturated the photodiode

and perturoed the relaxation rate measurements.

The mechanical chopper alternately unblocked and blocked the pump beam

for equal 5 msec time periods. Since the optical pumping time was - 0.2 msec,

a steady-state hyperfine polarization was rapidly achieved during the pump-

unblocked portion of the chopper's motion. During the pump-blocked portion of

the cnopper's motion this steady-state hyperfine polarization relaxed towards

some small new value determined by the probe light intensity. The relaxation

was observed as a transient decrease in the probe beam's transmitted

intensity, and was recorded on an LAS 12/70 Nicolet signal averager. The

apparent time required for the pump beam to change its state from unblocked to

blocked was - 80 psec, and this was limited by the electronics associated with

signal amplification at the photodiode. Without this amplification the pump

beam "turn-off" time could be reduced to 10 wsec, which was limited by the

speed of the mechanical chopper.

- The spherical resonance cell was located inside a solenoid which produced

a magnetic field of 2.6 G, oriented parallel to the pump beam propagation

direction. Since the laser was linearly polarized to better than 99%, a small

15
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SIGNAL AVERAGER

P. . -v TRIGGER

:-{"PHOTODIODE ,-CHOPPER

" I , ,/COATED

" --. _ SPHERICAL LENS- LENS SPLITTER LENS DIODE
-."-- ..-. CELL A LASE

NEUTRAL DENSITY

SOLENOID FILTER

MIRROR

Fig. 2. Experimental Apparatus. The collimated emission from a diode laser
was split into a strong pump and weak probe beam. The pump beam
produces a hyperfine polarization (I-S> in a rubidium vapor

* contained in a dichlorodimethylsilane coated resonance cell. When
the pump beam is blocked by the motion of the mechanical chopper,
the probe beam's transmitted intensity decreases and is indicative
of the relaxation of <.S,.
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52 p312  __ 2 p3 /2

ab8 b Rb5d

12 S1/2F=3

F=2

~-835 MHz-

C:)

C-1

a C d b

LASER WAVELENGTH
(b)

F g. 3. (a) Schematic Energy Level Diagram for the Two Naturally Occurring
Rubidium Isotopes; (b) Absorption Spectrum of Rubidium as Observed

/in the Coated Resonance Cells. The atomic resonances are labeled

in accordance with (a).
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9.

N atomic spin alig.ment 14 was created ir the vapor by depopulation pumping in

addition to the hyperfine polarization I.S,. By performing magnetic

resonance with the rf coils located near the resonance cell, one could observe

the effect of this spin alignment on the pump beam transmitted intensity:

when the rf field's frequency matched the ground state Larmor frequency of the

isotope under study, a small resonant increase in the pump beam's transmitted

intensity occurred. The increase in transmitted intensity resulted from the

rf-induced population redistribution among the optically excited ground state

Zeeman suLIevels, which allowed for a greater transfer of population into the

nonabsorbing hyperfine multiplet. However, as pointed out by Bouchiat and

Brossel,5 one needs to exercise care in measuring ,I-S> relaxation rates when

an atomic spin orientation or alignment is present, because the spin alignment

relaxation will contribute to the observed probe intensity decay. Since spin

alignment and ,I.S, do not necessarily relax at the same rate, systematic

* errors in the determination of 'I-S> relaxation rates can result. We

therefore studied the influence of a saturating rf field on the measured

relaxation rates, and found that the spin alignment contribution to these

rates was negligible.

The resonance cells used in the present study were spherical, I in.

diameter Pyrex cells that had a 1 in. long, 0.3 cm i.d. Pyrex stem attached to

one end. The cells were coated with dichlorodimethylsilane using a procedure

similar to that of Zeng et al. "2 ,15 briefly, a 10% by volume solution of

dionoroiimethyisilane in cyclohexane was prepared, inserted into the

resonance ceils, and shaken; the excess was removed; the cells were rinsed

twice witn pure cyclohexane, and allowed to dry in air overnight. The cells

were then based out at 10-6 Torr and 130 0C for approximately 2 ' days. After

* the bakeout, natural rubidium (72% Rb8 5 and 28% Rb87 ) was distilled into the

cells.

Fcr the experiment the resonance cells were located vertically inside a

wire-wound oven which maintained a vertical temperature gradient of roughly

6° . A visible ring of condensed rubidium could be seen near the tip of the

resonance cell's stem, and we estimated that the vapor pressure of rubidium in

the spherical portion of the cell was approximately equal to the saturated

18
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0

vapor pressure existing above a pool of rubidium metal at 290C. (This is

probably an overestimate of the Rb vapor pressure as discussed in Ref. 15.)

Using Killian's formula for the saturated vapor pressure of rubidium,16 this

implied a rubidium number density of 1.8 x 10  cm-3.

Defining n(t) as the time dependent fractional population in the

optically absorbing hyperfine multiplet, it is quite easy to show that the

-.-. transmitted intensity of the probe beam has the form

I(t) I exp [-Y(t)l/d] (4)

where 1 is the cell length and d is the optical depth. Since \I.S> is propor-

tional to n(t), it follows that n(t) and <I.S> relax in the same way. From

Eq. (4) and the fact that n(t) increases exponentially with time during the5
* pump blocked time interval, one can show that

Al. n [I( )/I t ] < (1 - exp[-(t - [)YF')( )

where I(T) is some initial transmitted probe intensity after the pump beam has
A

been blocked (t -r), . is a constant, and YF is the total <I-S) decay rate

probing the F = a I + 1/2 or F : b I - 1/2 hyperfine multiplet. For each

transmitted intensity transient, 20 data points were digitized and fit by a

least squares procedure to Eq. (5) in order to determine A A sample of the

data and the resulting fit is shown in Fig. 4.

For completeness the laser was tuned to each of the four isotopic
A

resonances, and the relaxation rate F was measured as a function of

* normalized probe light intensity (I/Io )

A A A
YF = kF (I /I o ) + Y (6)

A

In this expression kF is the rate of change of the measured relaxation rate
F. A

with normalized probe light intensity, and y is the light-independent relaxa-
A0tion rate. The slope kF depends on the probed hyperfine level, because the

rate of depopulation pumping depends on the total ground state degeneracy and

19
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* Fig. 4. Sample of the Normalized Probe Intensity Decay and the Resulting

Least-Squares Fit (Solid Line) to Eq. (5)

K 20
Io..



the degeneracy of the opticaily absorbing hyperfine level. Theoretically, it

can be shown that the ratio of the two slopes is a simple function of the

alkali nuclear spin: k /k 1(I + 1).17 However, one can show quite
a b A

generally by microscopic reversibility arguments that o must be independent

of the probed hyperfine level. Thus, the ratio of the slopes and the equality
A

of -Yo values obtained by probing the two ground state hyperfine levels of a

particular isotope acted as a check on the experimental results and their

analysis,

4

.,%
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-' IV. RESULTS

Figures 5 ana 6 show the measured relaxation rates yA for one coated

,2: "', resonance cell as a function of relative probe intensity for 87 and Rb85 ,

respectively. The solid line is a linear least-squares fit of the data

yielding the slope LF and the intercept yo. It is clear from the figures

that, as anticipated, the slopes depend on the probed hyperfine level F, and

that the relaxation rates extrapolate to the same value. Furthermore, the

ratios of the slopes as determined by the least-squares fit are in very good

agreement with the theoretical expression. Values of the

quantities kF and y for this cell are collected in Table 1.

The light-independent relaxation rates collected in the table, however,

are not due solely to wall relaxation. Actually, they contain contributions

arising from two additional mechanisms

A A. ; -Y O : Y e +  Y t +  Y S ( 7 )

where yex is the spin exchange relaxation rate of <I-S>, and yst is the rate

at which atoms collide with the stem region and impact the ring of condensed

rubidium (immediately depolarizing on impact). Since spin exchange and stem

relaxation will show no isotope specificity, any isotopic difference

in <I.S relaxation rates should be attributed to the surface relaxation

-A mechanism alone.

From our estimate of the alkali density and knowledge of the spin
exchnge ros secion18

exchange cross section we find that y - 10 see 1  In order to

estimate yst we assume that the probability of colliding with the stem region

is equal to the fractional surface area covered by the stem region:

'Y vr2 /4R3 , where v is the average thermal velocity of a rubidium atom, r

is the cross sectional radius of the stem region, and R is the radius of the

- spherical cell; in this way we estimate yst as 78 sec - I. Thus, as rough as

these estimates are, it is clear that the surface relaxation is the dominant
.- A 85

contribution to Yo, and for the cell of Figs. 5 and 6 one obtains y = 760

23
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Tao)-e 1. Experimental Results for One Dichlorodirnetrhylsiiane Coated
Rezsonance Cell

Probing F a Probing F b

*tkA ( 1) A (c 1) kA 1~ ~ A 1c
Iooeka oscy0 sc b (sc a sc

-Rb
8  671 ±21 8514 ±11 9145 ±57 8140 ±29

Rb87 475 ±70 698 ±36 904 ±71 716 ±36
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see and s 620 sec These values then yield c 1.23 + 0.06, wiere the

uncertainty quoted with this value is computed from tne experimental uncer-A
tainties associated with the y values only, and is presented simply to show

that P Is statistically different from unity.

With regard to the effect of the uncertainties associated with

ex and st on p, it should oe noted that even in the worst case (where one

assumes that spin exchange ana stem relaxation are negligible) one obtains p

1.20 ± 1.05 wnich is still statistically different from unity. In actuality

our estimates of I ex and are probably too large, since the aikali density

is most likely less than 1. 1010 cm-3 , and since not every collision with

the stem region results in an impact with the condensed ring of rubidium.

Thus, the actual mean experimental v'>e of o is probably somewhere between

1.20 an 1.23.

* In order to more fully substantiate the claim that tne above value

of c was indicative of the rutidium-EMS surface interaction, the following

experiments were performed:

1. Several cells were studied, and in each cell o had nearly the same
value.

2. A spherical cell was studied whose radius was approximately three
times greater than the normal radius of - 1.3 cm. Both
85 87
o and o decreased significantly, implying that the light-

indepencent relaxation rate was a decreasing function of the time of
flight across the resonance cell. 9

3. An uncoated resonance cell was studied. The value of y was roughly
an order of magnitude greater ( 5000 sec-1) tan in the
dichlorodimethylsilane coated cells, and o was found to be 1.03 -
0.04. This implied that the coated cell value of p was related to
the DMS surface.

4. A special cell containing a barium getter was fabricated, and p was
measured both prior to and after flashing. Recent measurements
indicate that in the presence of an alkali metal the DMS surface

* produces a trace gaseous product containing Si(CH 3) groups, and
that this product can be detected by observing 1the width of Dicke-
narrowed 0-0 hyperfine transition line shapes. For measurements
both prior to and after flashing o was found to be 1.2, even though
linewidth indications showed a significant decrease in buffer gas
density. Thus, any gaseous product in the resonance cells had a
negligible influence on the measured value of p.
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V. DISCUSSION

For the relaxation of rubioiam hyperfine polarization on alkane surfaces

Bouchiat anj Brossel found P = 1.31, wnich is in very close agreement with the

appear that ai kane surfaces and DMS surfaces have similar interaction

strengths and correlation times with respect to alkali spin-polarization

relaxation. To quantify this similarity, however, it is necessary to first

- .- make some statement as to the sensitivity of r to variations in

either T or B. To estimate this sensitivity the two parameters were varied

atout the va..ues quoted by Bouchiat and Brossel, 5 and the effect on 0 was

noted. . tnis way it was found that if Tel or 6 varied by more than a

act or D: u, c ould be outside of the range 1.15 1.60. Thus, the

results from :re present study would suggest that the values of 0C1 and 8 for

alkali spin-pocarization relaxation on DM3 surfaces are probably within a

factor 2 of t',e corresponding alkane surface values. Furthermore, taken

together, the near equivalence of the T and B values for the two surfaces

implies that the ratio c2 h, is nearly equal for the two surfaces.

"5>. '.<. is tr.e rms m~ret c fiJeld amp,:tude for the dipole-dipole

-:nterac:cr.:t 1s a function of the various Cimethylsiloxane nuclear spins.

" However, :.nor:ng trace quantities of S1 (5) and 0 7  (,0.OU), the

Scear s;i s of te naturally occurring silicon and oxygen isotopes are

zero.2 0  Thus, e rms magnetic field amplitude of the dipole-dipole

interactin hi, is cetermined by the methyl group's protons as in the a]kane

case. jrthermore, since T 2 is related to surface vibrational periods, and

* since bono strengths and atomic weights for DMS and alkane surface molecules

sho~: :,ot c grossly different, one does not expect much difference in the

two surfacEs values of T _. By this line of argument we arrive at the

conclusion tnat the similarity of Tcl and 6 for DMS and aikane surfaces

. imtl:es tne rear equivalence of tne spin-orb:t rms magnetic field amplitude

h2, which could only be the case if Liie higher Z elements (silicon and oxygen)

had a smaii effect on the spin-orbit interaction. This indicates that the

.I

29

. %-

* " - ", , % -44 4, -~ "4".. . . Q4-- ".'". "''' %' " ' 4"" , ', ->.'4't' "4',"".% " ,,



L outermost functional group of an organic surface molecule has the primary

influence on alkali spin-polarization surface relaxation, most likely as a

result of steric hindrance. If the alkali atom is restricted to interact with

only the surface methyl groups, then the similarity of DMS and alkane surface

interaction strengths and correlation times follows directly.

If one now considers the magnitudes of tne raw relaxation rates measured

by Bouchiat and Brossel, which after correcting for differences in cell size

were - 7 sec 1 , it would appear that there is roughly a two-orders-of-

magnitude difference between the alkane and DMS surface relaxation rates.

This discrepancy is puzzling given the near equivalence of the 0 values and

the above argument, but is the same type of phenomenon one encounters when one

compares relaxation rate measurements from samples of the same type of

surface. In order to try to understand this phenomenon, we can postulate

several likelv mechanisms for the difference in rates, and then see how the

consequences of the mechanisms compare with the experimental results.

One explanation for the relaxation rate discrepancy is that the degree of

DMS substrate coverage in the present experiment is much less than that

obtained by Bouchiat and Brossel with the alkanes. Thus, in the present

experiment one would conclude that the alkali atom has a non-negligible

probability of impacting a surface region of bare glass, which was shown in

the present experiment to be highly depolarizing. If we let f be the

fractional surface area of bare glass, and assume that the DMS surface

relaxation rates should oe equal in magnitude to thcse measured by BouchiatA

and Brossel for the alkane surfaces, then the y obtained in the present

experiment would have the form

0A'' A -1 -1 -1

700 sec : 5000 f sec + 7(1-f) sec%"s

ZA

where the first term on the right is the contribution to f from bare glass

. relaxation and the second term is the contribution from the DMS surface. In

this way we would conclude that f = 0.14. However, since bare glass surface

relaxation shows no isotope specificity, such a large fractional surface area

- of bare glass would imply that the present experiment should have yielded
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a p value of unity. This is obviousiv contrary to experimental fact, so that

an explanation of tne relaxation rate discrepancy based on the hypothesis of

incomplete substrate coverage must be rejected.

In the same vein one might attempt to explain this discrepancy by

postulating some additional surface relaxation mechanism for the present

experiment. As for the hypothesis of incomplete surface coverage, the observed

relaxation rate would then be the sum of a rate associated with the additional

mechanism and the rates of the dipole-dipole/spin-orbit combination. However,

in order to be consistent with the measured value of p, this acditional

mechanism would have to exhibit the same degree of isotope specificity as the

dioole-dipole'spin-orbit combination. This would be extremely fortuitous. It

* therefore seems likely that the cause of the discrepancy lies elsewhere.

The most leasonable explanation that is left for this discrepancy is that

* the adsorptior. time of alkali atoms on the present experiment's DMS surface is

longer than that in Bouchiat and Brossel's work, specifically, roughly 100

times longer. Since the adsorption times, and hence the surface relaxation
rates, are an exponential function of the adsorption energy I0 [i.e,, - exp

rE kT), where Ea is the adsorption energy], this would imply an adsorption

energy for the present experiment roughly 0.1 eV greater than that, of Bouchiat

and Brossel. This difference in the adsorption energy is reasonable given the
physsorpion ner 10range of typical physisorption energies, and could result from either a

fundamental difference in the DMS-alkali and alkane-alkai adsorption forces,

or the manner in which the surfaces were prepared. However, considering Eq.

k2) in light of tre similarity of p values obtained for alkane and DMS surface

relaxation, the observation by Bouchiat and Brossel 7 of equivalent raw

relaxation rates for alkrane and DMS surfaces would imply that in at least one

case it was possoIle to obtain equal alkali adsorption energies for DMS and

alkane surfaces. Thus, we conclude that the difference in adsorption energies

is related to surface preparation. Perhaps in the present study the surface

preparat:r, coritcns favored a rougher DMS surface, which could be expected

to increase the adsorption energy by an amount on the order of a tenth of an

eV. In any event it seems reasonable to generalize this conclusion and

attribute the surface relaxation rate variations, for samples of the same type

of surface, to variations in the adsorption time resulting from the surface's

preparation.
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V I. SUMMARY

Sn tre cresent study surface relaxation rates of rubidium hyperfine

polarization .S. were measured in Pyrex resonance cells coated with

cichlorodimeh-s:lane. The parameter of interest, however, was the ratio of

Ro isotopic wa-l relaxation rates o, since it was recognized that this was an

easily measure- and fairly sensitive parameter for comparing alkali relaxation

mechanisms on various organic surfaces. By comparing the p values obtained

in the present study for alkali spin-polarization relaxation on DMS surfaces

with tnose obtained for relaxation on alKane surfaces, it was possible to

qualitatively ennance the overall p ct-re of alkali spin-polarization

relaxation on organic surface coatings. 3pec-f;cally, the following points

were put forth:

* • The outermost functional group of an, zrganic surface molecule has
the primary influence on the mechanism of spin-polarization surface

- relaxati r.; and

2. The variation in magnitude of spin-polarization surface relaxation
rates czserved among different samples of the same type of surface
can be most reasonably explained as arising from a variation in
ad scrption times, rather than as arising from a fundamental
difference in the relaxation mechanism.
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