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Distance measurement using EPR

« Large biomacromolecules but cannot

A
be crystallized easily, e.g. membrane
proteins.
~o nm « Assembly of molecules
| « Electron spin based magnetic sensor
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H. Liang et al., PNAS 104, 8212 (07) G. Balasubramanian et al., Nature 455, 648 (08) 2



Outline

1. Quenching spin decoherence
of NV centers in diamond

2. T, based distance measurement

3. Spin decoherence of Fe8
single-molecule magnets
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Diamond and impurities

« Hardest material

 Excellent thermal conductor

« Adiamond is a crystal of
tetrahedrally bonded carbon

atoms.

« Diamond is classified by impurity

contents.
Diamond Graphite
Type la Ib lla l1b
Natural abundance | ~98 % ~0.1 % 1~2 % ~0 %
Nitrogen (ppm) ~2 x 103 1~102 ~1 ~1
Others (ppm) ~100 (B)
Color Clear~Yellow | Yellow Clear Blue




NV centers in Diamond

* Rapid spin polarization

 Single spin read-out

* Long spin coherence time at
room temperature
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Decoherence of NV center

* N electron spin flip-flops

— J. A.van Wyk et al., J. Phys. D: Appl. Phys.
30, 1790 (1997).
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Continuous wave EPR

0 <1
« NV center (S=1) E /l/m
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T, of NV centers in diamond

« Temperature dependence of T, for
NV centers in diamond

Vacan(/:y - - S=1/2

 N-V:
- T>115K:T,=6.7us — 8.3 us
- T<2K:T,~250 pus

* N:
~ T>11.5K:T,=5.5pus > 5.8 s
- T=25K:T,~80ps

= Zeeman energy
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Quenching spin bath decoherence
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Quenching spin bath decoherence

P =99 %
* N spin flip-flop process SO Vo
C. Kutter et al., Phys. Rev. Lett. 74, 2925 (1995F g,[ | ! ]
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13C nuclear spin bath fluctuations

0.1

1 C

— o PP +1 . =

T2 Tl res (l+eTZe/T)(1+e_TZe/T) —
‘»
=

o

1T, = 250 ps: Temperature independent

relaxation rate '_0.01;
IVl =230ps |,

Decoherence time caused by '3C nuclear spin
flip-flop process

1 049 \F | AOwm__ 12y, sizN Ty () 4 1)
7,

T, 11+

where Aw,, is NMR linewidth, N is the number
of nuclear per volume.

(I. M. Brown, Time domain electron spin resonance, p195, Wiley (1979).
A. Schweiger and G. Jeschke, Oxford university press (2001)).

T, ~ 380 us for 13C nuclear spin bath
fluctuations

S. Takahashi et al., Phys. Rev. Lett. 101, 047601 (2008)
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Dipole-dipole interaction

1 () .
— PP +T = +T Average distance
-|-2 T res (1 Loz /TT) 1+ e—TZe/T) res N
d P
+ C=0.57 MHz *

 Dipole-dipole interaction energy

C:U_d;<,uo ml-m2—3(n-m1)(n-m2)>/h

h A K

. a= 2.8 nm — N contents ~ 25 ppm
 The sample crystal = 10 ~ 100 ppm

« Potentially useful for T,-based distance measurement
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Outline

1. Quenching spin decoherence
of NV centers in diamond

2. T, based distance measurement

3. Spin decoherence of Fe8
single-molecule magnets
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Fe8 single-molecule magnets

* High-spin molecular magnets
made by metal-ion clusters

« Chemically fabricated nano-
scale quantum objects

« S=10 Feg SMM
Total spin = (6-2)x5/2=10

@:Fe* (5=52) @:0 @:N  Weakly interacts with each

®:C &:H other, ensemble properties
K. Wieghardt et al., G. Angew. Chem., Int. Ed. express themselves as a

Engl. 23, 77 (1984). d iant sinal :
seudao-gliant singie spin.
[Fe;O,(OH),,(CsHsN,)]1Br,(H,0)Br-8H,0 P J J P
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Spin decoherence of SMMs

« Spin decoherence of SMMs is poorly understood
because T,s in most SMMs are too short to
measure.

* There are some observations of spin echo from

highly “diluted” molecular magnets.
CroNi: A. Ardavan et al., Phys. Rev. Lett. 98, 057201 (2007)
V. S. Bertaina et al., Nature 453, 203 (2008)
Fe,: C. Schlegel et al., Phys. Rev. Lett. 101, 147203 (2008)
Fe.: Z. Wang et al., to be published.

* Fluctuations of SMM spin bath can also be
reduced with high-field EPR.
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First spin echo measurement

Echo area (unit arb.)

« Strong temperature dependence
indicates Feg spin bath fluctuations.

T, measurement
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S=10 Feg spin bath fluctuations

» S=10 spin flip-flop process: | « o
-I-__A ZW(m )P m+1 res -,—’;‘ 20: : Bg
2 __]_0 = | 1.2 1.4 1.6 1.8 2.0
o —/E(ms) = e
P = ==
° Z
_ 2
W (m,) = ‘<mS +1, mg [S;°S, |mg, m; +1>‘ 1E-3F

+|(mg, mg +18;°7]mg +1, m )| Temperature (K)

« Spin decoherence is significantly suppressed by spin
polarization.

« I, may be nuclear moments ('H) and phonons.

S. Takahashi et al., Phys. Rev. Lett. 102, 174102 (2009) 17



No 'H spin bath decoherence

m l Il\lorr'nall |
» Deuterated Feg SMM e ® Deuterated)
. @ -
. o
@D .Cm "
 Deuterium has much = o ;Ih
smaller magnetic { ’i+
moments than 'H. 100n |

14 16 18 20 22
Temperature (K)
[FegO,(OM),,(CgH15N5)6] Br; (M,0)Br-8H,0
2D 2D 2D

 Temperature dependence
of T, is about same.

S. T.and C. Beedle et al., to be published



Theory - experiment

sample 1

sample 2
WINPT T 7
' A

A. Morello, I. Tupitsyn and P. Stamp, Phys. Rev. Lett. 97, 207206 (2006)
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nuc

1:'(10-3- T T T T T T T T T T T ] 1}(10-6 r T T T T T T T T T T
[ Feg theory and expenment - H || X ] r Feg: theory and experiment - H || Y
S
~ EPR =240 GHz L. (epr =240 GHz
{Dl' O_ .--;
experiment .
—&— sample 1 expernment
X107  —&— sample2 4 1107k £r— sample 1 -
: ] C C— sample 2 b
] 100 g— T T T theory E %107 3
£ ; H=113T ) . partial contributions 3 410y
> = ' oA H=esT
[ [ . N = Ny=s ]
. IE 110 ; -§
WIOTE 240 (K) 10 { w0’y = - .
L L [ . f=— — — — — —
= 10’ E fmagnons phonens 5
1 1ot e L LT
g , 1.2 14 18 18 2 22
1210 1 . . 1%10° M TR TR R SR T
too1zo4 6 1e 20 220 24 112 14 16 18 2 22 24
T(K) T(K)

No fitting parameters!
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Theory - experiment

A. Morello, I. Tupitsyn and P. Stamp, Phys. Rev. Lett. 97, 207206 (2006)

sample 1
5 Spin decoherece_: 1/1,= Tgg + Top + Do
1}:1D.1!'|'I'|'|-
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S.T., L.T.and P.S. et al., manuscript in preparation 20



Summary

* Electron spin bath decoherece can be

gquenched by high fields and low temperature.

« HF EPR can access to other decoherence
(nuclear spin bath and phonons)

* HF EPR can be used for distance
measurement.
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