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Section S1. Experimental data and calibration

Schematic pulse sequences and representative spectra used for the determination of characteristic times
(T1/Tone), the NMR signal enhancement (&), and the depolarization factor (64ep,) are given in Figure S1.
Characteristic times are measured by incrementing 1, delays and measuring the recovery of NMR signal intensity
following a train of saturation pulses. The NMR signal enhancement (&) is the ratio of signal intensity between the
microwave on and microwave off spectra. During the echo delay (21, = 160 ps), broad *H signal intensity from the
probe background and strongly hyperfine-coupled nuclei are significantly broadened and partially dephased due to
their relatively short T, relaxation times. Consequently H spin-echo experiments preferentially detect diamagnetic
'H species in the frozen solvent matrix. It is assumed for all calculations that Tone = Tone(on) = Tonre(of, Since these values
are generally within 10% of each other as reported in Table S1; noting that Tpneon) Values are used for all analyses
presented in the main text. Only at 2 mM AMUPol concentrations and high glycerol-water H spin densities, pn > 50
M, are the Tone(orr) Values appreciably longer. This may be attributed to microwave heating, a greater weighting of
faster-relaxing hyperpolarized H species near paramagnetic centers, or due to a slightly differences in the apparent
rate constant, konp, in the presence or absence of microwave irradiation. Regardless, these quantities are of the same
order of magnitude suggesting that polarization transfer across the spin-diffusion barrier is similarly impeded both in
the presence and absence of microwave irradiation.

(a)

'H

(c) (d)

pwave on
pwave off A x5 2 mM AMUPol

150 100 50 0 50 -100 -150 PPm 150 100 50 0 -50 -100 -150 PPm
'H chemical shift 'H chemical shift

no radical

Figure S1. (a) Pulse sequence for spin-echo *H saturation recovery experiment with n = 20 saturation pulses, a fixed
echo delay of 21, = 160 ps and a variable 1; delay. (b) Pulse sequence for quantitative H single-pulse measurements
with n = 16 and a variable t; delay. (c) Spin-echo H spectra comparing pwave-on versus pwave-off signal intensity for
2 mM AMUPol in glycerol-water (o = 3.5 M) at 9.4 T, 100 K, 12.5 kHz MAS. (d) Quantitative 'H signal intensity with
and without 2 mM AMUPol in glycerol-water (py = 3.5 M) at 9.4 T, 100 K, 12.5 kHz MAS.

Table S1. Experimental characteristic build-up times of frozen 2 mM and 12 mM AMUPol glycerol-water matrices,
as functions of *H spin density with and without microwave irradiation.
2 mM AMUPol 12 mM AMUPol
PH [M] Tonp,on [S] Tonp,off [S] PH [M] TDNP,on[S] Tonp,off [S]
3.5 28.1 26.0 1.3 9.1 8.2
7.8 20.6 19.5 3.5 4.7 4.4
13 15.4 15.6 7.9 33 3.1
23 13.5 14.5 14 2.6 2.6
32 13.5 14.6 28 2.4 2.5
52 13.7 15.0 56 2.5 2.8
92 13.1 15.0 108 2.9 3.1
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In the presence of paramagnetic centers, H signal intensity is partially “bleached” by paramagnetic quenching
or MAS-induced depolarization, where the DNP contribution factor (fone) is represented by the total fraction of
remaining signal intensity, Bone = Bdepolq, as determined from the experimental depolarization factor (8¢epo) and
quenching factor (6,). ! For dilute biradical concentrations (e.g., 2 mM AMUPol) it may be assumed that paramagnetic
quenching is negligible, 84 = 1, as quenching arises due to strong paramagnetic interactions near paramagnetic
centers.? In contrast, depolarization effects are relayed through the diamagnetic bulk by spin diffusion similarly to a
DNP enhancement. In Figure S3, depolarization factors are measured as a function of H spin density by single-pulse
IH NMR experiments. Although a linear calibration curve would be expected, the experimental curves are non-linear,
Figure S3a, possibly due to dephasing by strong dipole interactions, r.f. inefficiencies, or a non-linear amplifier
response. In Figure S3b, the depolarization factor as a function of py is determined from main text Eq. 12 using the
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data in Figure S3a. The observed pu dependence of the depolarization factor is consistent with quantum chemical
simulations which have shown that nuclear depolarization decreases as solvent T; values decrease.?

For polystyrene in AMUPol glycerol-water suspensions, overlapping H intensity prohibits the use of *H spin-echo
saturation recovery measurements to measure sighal enhancements and build-up times. Instead, 3C-detected 1D
13C{*H} CP-MAS saturation recovery experiments are used to measure enhancements &, ,, and &, s values, shown in
Fig. 5b in the main text. Similar to the enhancement values, characteristic build-up times are influenced by spin
thermodynamic exchange between the dissimilar reservoirs. In Table S2, experimental polarization build-up times for
polystyrene, Tones, and the DNP matrix, Tonpm, are compared with the, typically, much longer Tgyp, values
corresponding to the homogeneous DNP matrix. Thus, at lower matrix pu,m, polarization build-up times within the
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Figure S3. Quantitative single-pulse *H MAS NMR measurements of glycerol-water solutions at 9.4 T, 100K, 12.5
kHz MAS, including (a) H signal intensity with and without 2 mM AMUPol, and (b) DNP contribution factors
(Bgepo), larger error bars include different masses of glycerol-water in the MAS rotor.

Intensity [a.u.]

N
B
——

polystyrene particle interior are only weakly influenced by solvent-mediated H spin diffusion. For such conditions,
measured Tbnp,svalues are less than the 'H spin-lattice relaxation time, T); = 1.3 s, indicating that particle surfaces
are directly polarized by hyperfine transfer from adsorbed biradicals as discussed in the main text. Meanwhile at
higher matrix pun, measured Thnes Values increase as the Zeeman spin conductivity of the matrix, pusyDumCo,
increases. In general, DNP matrices with higher Zeeman spin conductivities (larger pu,m) can more effectively relay
hyperpolarization to a solid-particle sink. However, because DNP generation rates are limited by the spin-diffusion
barrier, higher puDu,mCz may lead to diminished polarization levels as discussed for the homogeneous DNP matrix
in the main text.

Table S2: Experimental characteristic build-up times Tpne,m and Tone,s for a suspension of polystyrene in 2 mM
AMUPol glycerol-water with different 'H densities.
Pu.m 1.3 M 40M 12.5M 25M 108 M
"Tonp m [S] 45.2 27.0 15.9 13.5 12.9
Tonem[s] 6.0 5.6 5.9 5.0 5.3
Tone,s [$] 1.1 1.1 1.2 1.7 2.2

values extracted from the solid-line in Fig. 3 in the main text

Section S2. Applying the lumped-element approximation

For Egs. 4-6 in the main text it is assumed that a lumped-element approximation developed is valid. When spatial
polarization gradients are negligible (V2P = 0), the bulk solvent matrix builds up uniformly to a single-polarization
value for the hollow-sphere spanning from Asg<r< Aws. Similar to lumped-parameter analyses in heat transfer
processes, the following equation satisfies the First Law of Thermodynamics under a lumped-parameter assumption:
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(1-P) (S1)
T,

oP .
pHCZE = Q + pHCZ

where the DNP source term per unit volume (Q) is calculated by performing a surface integral of the polarization flux
at the spin-diffusion barrier interface divided by the volume of bulk solvent:

. 1
Q=15 Jf(qu-myds , (52)
where n is the unit normal vector, and the surface integral is performed at r = Asgp, Which leads to:
Q = pHCZkDNPL_lAﬁ . (53)

By substitution of Eq. S3 into Eq. S1, the following expressions are obtained describing polarization build-up with and
without microwave irradiation:

_ (1 + kpne L™ Pegom Tt P _ _ (S4)
9P _ 1+ kpnpl7'Ty _ (< Fs,on>—P)
ot - T1 = T;
/(1 + kpnpL7'Th) prbon
1+ kpnpl " Pegorn Tt = (S5)
p( —1 —P) p _p
0P U 1+ kpnel T _ (< Pssore > —P)
ot B Tonp off '

T,
/(1 + kpnpL7'Ty)

where < ﬁs.s.,on > and < ﬁslsvoff > are the volume averaged steady-state polarization levels with and without
microwave irradiation respectively in the bulk matrix (Asaw<r< Aws). As a consequence of the lumped-parameter
approximation, the spatial dependence is removed, so that the polarization becomes a function of time only. These
quantities, hereafter the absolute enhancement (&) and depolarization factor (64.p,), are directly proportional to
the net magnetization and, in principle, the NMR signal intensity.

Section S3. Error analysis for the lumped-element approximation

For high Biot number conditions, nuclear spin diffusion resistances in the bulk frozen glycerol-water matrix are
expected to influence spatial polarization gradients, steady-state enhancements, and characteristic DNP build-up
times. The lumped-parameter solution is no longer applicable as polarization-levels are diminished at distances
progressively farther from the paramagnetic centers (V2P = 0). The steady-state spatial polarization-level, P ; (1), as
a function of position, r, from the paramagnetic center may be solved for analytically. For an annular sphere spanning
from Asap<r< Aws, the steady-state general solution to Eg. 1 in the main text is given,

B.(r)=1+ % cosh[a™'-r] + % -sinh[a~! - 7] (S6)

where a = .,/DyT; and the boundary conditions are:

Boundary Condition #1:  Bg|; . atr = Ay

iy op _
Boundary Condition #2: ~ —— |2, =0

assuming a homogeneous distribution of paramagnetic centers with a mean separation distance represented by twice
the Wigner-Seitz radius, 2Aws. Here a represents the characteristic diffusion length which is >100 nm for frozen
glycerol-water solutions at 9.4 T, 100 K, and 12.5 kHz MAS. The integration constants C and C; may be solved by
application of the B.C.s to obtain:
_ )\sdb (Ps.s.lxsdb - 1) (S8)
I cosh(a=1Ayqp) — B;sinh (@~ 1Aggp)

Cy =—CB; (S9)
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_ Aws@ ! - sinh(d,sa™!) — cosh (Asa™h) (S10)
o Aws@™t - cosh(Asa™1) — sinh (A,sa~1)

where 155_5_|;LSdb is the steady-state nuclear polarization-level at the effective interface between hyperfine coupled *H
nuclei and the bulk. This quantity may be determined by recognizing that for conservation of energy the energy flux
flowing into the frozen solvent matrix at r = Asqp, must equal the amount of energy being dissipated by spin-lattice
relaxation over Asgp<r< Aws,

(Ps(r)—1) (511)
@Qn - Dlagy, = ffprCZSST—dV
1
with respect to the Zeeman energy flux (qy) and interfacial area (A) which yields,
5 _ Peg + BBy/Buy (512)

P —
s.s.|/15db 1+ BB, /By,

By, = —(a *Ayqp + By) sinh(a™*Ayqp) + (@ AgqpB; + 1) cosh(a™Agqp) + (st (S13)
+ By) sinh(A,sa™1) — (Aysa™1B; + 1)cosh (A,,sa™1)

By;; = cosh(a™Ayqp) — B; sinh(a™A4qp) (S14)

where B, By, and By, are geometry specific numerical constants. Importantly, 8 naturally arises as the dimensionless
scaling parameter,
a’T, ! (515)

kDNP}\sdb

B

that characterizes the ratio between the rate of energy dissipation in the bulk and the rate of energy transfer across
a strong local magnetic field gradient (e.g., the spin-diffusion barrier). This is analogous to the second Damkéhler
number (Day), which is commonly used in interphase mass transfer to describe the dissolution of particles. Here, it
compares the rate of polarization transfer to the bulk relative to the rate of polarization dissipation in the bulk. By
comparing the low and high Biot number solutions, it is demonstrated that the condition of Bi<0.65 is sufficient to
justify the use of a lumped-element approximation for 1D spherically symmetric geometry; the same condition used
in heat transfer analyses. Future work will address fast-relaxing reservoirs which can also influence the validity of
lumped-element approximations. The error in the lumped-element calculation is determined as follows:

|ﬁoo,analytical (/Isdb) - ﬁoo,lumped (/Isdb)l % 100% (516)

%error = =
Poo,analytical (/Isdb)

where ﬁwylumped (Asqp) is the solution developed in Section S2 above and ﬁoo,analytical (Agqp) is the solution developed
by Egs. S6 —S15, the calculated error is presented in Figure S4 for a 2 mM AMUPol in glycerol-water matrix.
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Figure S4. Calculated %error of the lumped-element approximation for a2 mM AMUPol in glycerol-water matrix
under the conditions described in the main text.

Section S4. Derivation of the effectiveness factor (n)
For hyperpolarization transfer to a solid particle sink of radius R facilitated solely by DNP matrix mediated spin-
diffusion, from Eq. 7 in the main text, the internal dissipation of hyperpolarization over 0 < r < R is given,

aPs I - (517)
FH =0s° V2P — (P — 1)

Boundary Condition #1: lima—ﬁf =0
7F—=0 or

Boundary Condition #2:  Pg|;_, at# =1

where the Thiele modulus of the solid-particle, @5 =R/\/DysTs , is obtained using #=r/Rand t=
t/T s respectively. By application of the boundary conditions, the following steady-state solution is obtained for
P (1), the spatial polarization profile within the particle interior,

(Pslr 1 — 1) sinh[@; - 7] (518)
sinh[@;]

where the polarization at the particle surface, Pg|;—;, is maintained by the rates of hyperpolarization generation and
propagation in the DNP matrix. The effectiveness factor (n) is defined as the ratio between the energy dissipation rate
throughout the solid-particle (Q,ctya1) and the theoretical maximum energy dissipation rate (Q,,.,) which would occur
if the entire particle was polarized uniformly to the polarization-level at the particle surface,

P(#® =1+

n= Qactual/_ (519)
Qmax
with Zeeman energy dissipation rates of,
_ 4R3 py < C. - (S20)
Qmax = —0,2 ' (1 — Psls=1)
3Tys
_ 47R3 py sC - (S21)
Qactual = —0,2 ' (1_< Pg >)
3T

with < 135'oo > corresponding to the average steady-state polarization of the solid-particle interior. This is obtained
by integration of the steady-state solution as follows,
1 (S22)
<B > f B.(7) - 72 dF
0
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Evaluating this integral, and computing the effectiveness factor to obtain,

1 =305 % (s - coth[@s] — 1) (S23)

Importantly n provides a simple index to relate the polarization-level at the surface with the average polarization
accrued through the particle interior. For DNP-NMR experiments, the absolute polarization enhancement, &g 5, and
depolarization factor, 64¢p0,s, are related to the surface polarization by,

gos = N(Pscomylrr — 1) + 11 (S24)

edepo,s = 77(155(0&)|f=1 - 1) +1 (525)

in the presence and absence of microwave irradiation respectively. To explicitly determine 155(0,1)|f=1 and ﬁs(om|f=1
additional information is needed regarding the efficacy of hyperpolarization transfer to the particle surface.

Section S5. Efficacy of hyperpolarization transfer to a particle surface
For hyperpolarization transfer to a spherical particle sink (S) of radius R coated with a DNP matrix (M) of
thickness ARe, Eq. 7 in the main text corresponds to:

0Py < (Pu — En) (S26)
PumCo = V(PumC:DuuVPu) = PrimCo—po——
at Tonpm
aP _ (Ps—1) (S27)
pH,SCZW = v(pH,SCZDH,SVPS) - pH,SCZT—o
1S
I.C. N &gy s Microwave on
Py(r,0) = Pg(r,0) =0 M| 8epoms microwave off
B.C. #1 B.C. #2
Py(R,t) = Ps(R,t) aby db
PH,MDH,MW lr = pH,SDH,SW |
B.C. #3 B.C. #4
aP aP
lim— = 0 lim ——=
r—0 Jr r—>(R+AReff) or

assuming that hyperpolarization is solely delivered to the particle surface by DNP matrix-mediated spin diffusion. By
nondimensionalizing of Eq. S26 using# = r/R and t = t/Tys, respectively,

T]S)NP,M aﬁM v —282 55 = - (528)
Tfs ' ot =0 VZPM_ (Pu —Em)

where a composite Thiele modulus for the DNP matrix (@;,) in a heterogeneous solvent-solid suspension may be
represented as,

(S29)

[
DH,STLS

Os |mm—g—
Dy,mTonp,m

Oy =

which yields the following steady-state solution,

_ C C
Py oo () = Epy + % - cosh[@, - 7] + % - sinh[@}, - 7] (530)

where the integration constants Cy and Cy are most conveniently obtained by application of B.C.s #1 and #4.
However, as was the case for Eq. S18, this yields the steady-state spatial polarization profile within the DNP matrix
ﬁM'w(f) in terms of, Ps|s_;, the unknown surface polarization. For conservation of energy, the rate of energy
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dissipation within the solid-particle interior must be equal to the rate of energy flowing into the particle surface at
steady-state imposing the condition,

ink?on D 0P _ 5 (S31)
T pH,M z~H M or Qactual

_ _ 47R3 py C - (S32)
Qactual = anaX = _—O’Z ) T](l - Pslle)
3T
where n is the solid-particle effectiveness factor. By nondimensionalization Eq. S31 is then,
aby (S33)

1 ~
Wlf:l = gDaP ‘N(Pslp=1 — 1)

where the polarization analogue of the Damkoéhler number (Dap) for the frozen DNP solvent matrix is given,
Rszs_l Pu,s (S34)

Dap =
F Dym  Pum

which is the ratio between the rate of energy dissipation at the surface versus the rate of energy transfer to the
surface by DNP matrix mediated spin-diffusion weighted with respect to the specific Zeeman heat capacity of each
medium. From which it may be demonstrated that,

Dan(Pslr—y — 1) _(sinh[@;e,-f] rcosh[%-f]) ($35)

~ — Ly ~
r

Py =E,-1, -

"sinh[@},] — I;; cosh[@},]

= +Dapn (S36)
Eu+ 377
Dapn
30

155|f=1 =
1+

where I} and I}; are geometry specific numerical constants,
tanh[@},] - I}, (S37)
@y + I;; — tanh[@y,] - (1 + Oy 13)

_ {@3 —tanh[{@}] (538)
- {@y - tanh[{@;] — 1

[}:

Iy

where { = 1+AR«/R corresponds to the 7 boundary position of the DNP solvent matrix. From Eq. S36, the steady-state
solid enhancement, gg 5 =< 155(0“) >, or depolarization factor, 0 4epos = < lss(off) >, is calculated,
1 (S39)
< Py >= 3[155(?) - F2dF
0

5 4 Dap7 (s40)
u —1]+1
Dapn

36

<P;>=n

1+

importantly the measured NMR signal enhancement, €, s =< 155(0,1) >/< 155(0&) >, may be obtained directly from
Eqg. S40. This analytical solution is used to generate the dotted lines in Fig. 5b in the main text.
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Section S6. Comparison of lumped-element solution with previous ab initio predictions

As discussed in the main text, by invoking a DNP transfer coefficient, kone, the polarization build-up rates and gain
may be quantitatively predicted from values of kone and Py for materials with different compositions and bulk spin-
lattice relaxation properties. In particular, previous quantum mechanical simulations® (Mentink-Vigier, et al., Phys.
Chem. Chem. Phys., 2017 19, 3506, ref. [23] in the main text) have calculated the dependences of T; vs. Tone and Ty
vs. g5, which may be directly compared to the predictions of Equations 5a, 6 and 7 in the main text. As shown in
Figure S5 below, the crosses correspond to simulated values extracted from reference [3] corresponding to a
simulation of a “TOTAPol-like” isolated biradical. Although the description of the system does not specify a biradical
concentration, the extracted kpnpL™ value of 0.137 s is bounded between those measured in the present study.
From the data in the main text, konpL™? values range from 0.03 — 0.06 s and 0.10 — 0.40 s for 2 mM or 12 mM
AMUPol glycerol-water matrices, respectively, with varying extents of deuteration. The simulation results predict
polarization build-up rates that agree with values expected for commonly used DNP matrix formulations. Also from
the simulation, by keeping konpL ™ constant, the effective polarization-level of core nuclei under microwave irradiation,
Pcg(ony, May be obtained, as shown in Figure S5b. Again, the simulated value is in agreement with the value of ISCE(OH)
= 148 +14 measured for 2 mM AMUPol in a frozen glycerol-water matrix. Although the depolarization factor was not
measured for 12 mM AMUPol solutions in this work, using the data provided in Fig. 2b of reference [4] and the
enhancement factors reported in Table S3 below, a value ofISCE(On) =7515is estimated for 12 mM AMUPol. Therefore
it may be concluded that the Pcgon value associated with the simulated data is a realistic estimate bounded by the
conditions used in the present study. The ab initio simulation results accurately describe cross-effect events, which
might be expected to generate a H nuclear spin polarization as high as 658. Within the context of the film-transfer
model, this is not the maximum predicted enhancement that can be physically delivered to bulk *H nuclei. It appears
that the simulation predicts a similar limit to the maximum H polarization level that can be delivered to the bulk.
Specifically, ISCE(OH) = 104.5 corresponds to the asymptotic limit of the curve in Figure S5b, as the bulk T; value
approaches infinity. From the present work, this value is clearly less than 658, the reason for which is not clear, but
may be due to electron spin relaxation effects, as discussed in the main text.

(a) 8 (b) 1
T A100. _gemmmmmT x--
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S ro = 751 *
'\D /I C : //
x o 1/
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? ] 8 50‘ /I _
e "'t [ ’,‘ PCE(on)= 104.5
R s g
@ 27 & 257
i ¥
0 : : : : 0- : : : :
0 25 50 75 100 0 25 50 75 100
Bulk, T; (s) Bulk, T (s)

Figure S5. Comparison of results from the lumped-element solution presented here (Egs. 53, 6, and 7 in the main
text) with those of ab initio calculations from Mentink-Vigier, et al., Phys. Chem. Chem. Phys., 2017 19, 3506 with data
for (a) T1 vs. Tonp and (b) Ty vs. &g extracted from Figure 9 in reference [3].

Table S3: Experimental - values and calculated I_’CE(OH) values of frozen 12 mM AMUPol glycerol-water matrices
as functions of 'H spin density
PHM 1.3 M 35M 79M 14 M 28 M 56 M 108 M
Eoo 247 265 254 243 213 184 176
*ﬁCE(On) 80 81 78 76 71 67 75

*Value of ISCE(OfD = 0.28 is calculated using 84,,,,= 0.305 (10 kHz MAS) from Fig. 2b in reference [4] and from Eq. 7
in the main text with T° =79 s and kpneL™ = 0.38 s corresponding to 12 mM AMUPol in glycerol-water (pn = 14 M).
tValues of ISCE(OH)=75 15 calculated from Eq. 7 in the main text and averaged for values in Table S3.
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Section S7. Calculation of DNP injection rates
For 2 mM AMUPol in glycerol-water the DNP injection rate in units of W/biradical may be straightforwardly

calculated from the reported kpne and Pcp values. At steady-state, the energy being dissipated by T relaxation
processes must exactly match that being delivered into the bulk across the spin-diffusion barrier. The rate of energy
dissipation by T; relaxation processes is,

Aws P(r) -1 (s41)

Qcon = _f puC; '%47[’7’2‘17’

Asdb 1

which for low Biot conditions is simply,

A1 g—1 (S42)
Qcon = — ? (/st3 - /Isdbg)pHCz ' T
1

under conditions of microwave irradiation. By comparison the rate of hyperpolarization transfer to bulk nuclei is
represented by,

Qgen = 4'7-[/15db2 ) pHCZkDNP(FCE(on) - ‘99) (543)

and these expressions may be evaluated using reported ISCE(OH), kpnp, and T; values in the main text. Equation S42
and S43 are evaluated and compiled for 2 mM AMUPol in glycerol-water in Table S3 below. The measured
hyperpolarization rates are only tabulated for *H nuclei in the bulk spanning Asa < r < Aws. The present analyses do not
allow for the accounting of energy dissipation occurring among core H nuclei, spectator nuclei (e.g., 2H, 3C), or energy
which is transferred to reservoirs other than that of the Zeeman Hamiltonian. The DNP injection rate (W) in plotted
in Figure S5a,b normalized with respect to the number of biradical molecules and the number of bulk H nuclei,
respectively.

Table S4. Calculation of DNP injection and dissipation rates by Equations $42 and $43 for 2 mM AMUPol in frozen
glycerol-water matrices at 100 K, 12.5 kHz MAS, and 9.4 T.
px[M] T1[s] kone [nm/s] £ Qcon [W/biradical Qgen [W/biradical]
3.5 180 0.59 125 -4,93-10 3 +4.93-103
7.8 123 0.80 123 -1.59-10%2 +1.59-10%2
13 83 1.05 121 -3.86-10%2 +3.86:10%2
23 53 1.09 111 -9.60-10%2 +9.60-10%2
32 42 1.00 101 -1.50-10% +1.50-10%
52 34 0.86 89 -2.74-10 % +2.74-10%
92 25 0.71 70 -5.25-10% +5.25-10%
6-10%1 1-40%
(@) ] (b)
' 5.102' 1-20%51 X
= X
5 1-10%°1 x
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Figure S6. DNP injection rates (W) normalized with respect to (a) the number of biradical molecules, or (b) the number
of bulk *H nuclei, respectively, as measured for 2 mM AMUPol in glycerol-water at 9.4 T, 100 K, and 12.5 kHz MAS by
1H spin-echo DNP saturation recovery and calculated from data in Table S3.
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Section $8. Comparing Thermal, Mass, and Zeeman energy (spin-polarization) transfer

Table S5. Comparing Thermal, Mass, and Zeeman energy (spin polarization) transfer

Heat Conduction

q = —kVT
g = heat flux in units of W m
k = thermal conductivity in units of W m?t K?

VT = temperature gradient in units of K m™?

Molecular Diffusion
(noionic charge)

j=-DvC
j = molecular flux in units of mol st m
D = molecular diffusion coefficient in units of m? s’

VC = concentration gradient in units of mol m™*

1

Spin Polarization Diffusion
(homogeneous magnetic field)

dn = _pnCanVP
q, = Zeeman energy flux in units of W m?
D,, = spin diffusion coefficient in units of m? s
VP = spin polarization gradient in units of # m™?
P, = nuclear spin density in units of mol m

C, = Zeeman heat capacity in units of W mol P’

P’ = unitless polarization-level
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