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1. Experimental - general information

Materials obtained from commercial suppliers were used without further purification
unless otherwise stated. All glassware, syringes, magnetic stirring bars, and needles
were thoroughly dried in a convection oven. Reactions were monitored using thin
layer chromatography (TLC). Commercial TLC plates were used and the spots were
visualised under UV light at 254 and 365 nm. *H NMR, *C NMR, °F NMR and 2D
'H NMR spectra were recorded at 25 °C on a Varian 500 MHz spectrometer; *C
NMR spectra were recorded at 25 °C on a Varian 125 MHz, and TMS as internal
standard. The chemical shifts (§) are given in parts per million relative to internal
standard TMS (0 ppm for *H) and DMSO-ds (40.0 ppm for **C). The molecular
weights of the complexes were obtained by using matrix-assisted laser
desorption-ionization time-of-flight (MALDI-TOF) mass spectrometry. Elemental
analysis was obtained using a Flash EA1112 analyser. UV-vis absorption spectra were
recorded on a Shimadzu UV-3100 spectrophotometer. Photoluminescence spectra
were collected on a Shimadzu RF-5301PC spectrophotometer and Maya 2000Pro
optical fiber spectrophotometer. PL efficiencies were measured with an integrating
sphere (C-701, Labsphere Inc.), with a 365 nm Ocean Optics LLS-LED as the
excitation source, and the laser was introduced into the sphere through the optical
fiber. The excited-state lifetimes were measured by exciting the samples with 355 nm
light pulses with ~3 ns pulse width from a Quanty-Ray DCR-2 pulsed Nd:YAG laser.
DLS measurements were conducted on a Malvern Zetasizer Nano-ZS instrument.
Transmission electron microscopy (TEM) was performed using a TECNAI F20
microscope. Fluorescence microscopy images were taken on Nikon-80i inverted
fluorescence microscope. Crystal structure data for complexes 1+2PFg and 1+2CIO,
were collected on a Bruker Smart Apex Il CCD diffractometer with

graphite-monochromated Mo Ko radiation (1 = 0.71073 A) at room temperature.
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Complexes 1<2PFgand 1-2C10, - synthesis and characterisation

Synthesis of [(2Cl-ppz).Ir-(L)-1r(2Cl-ppz).] [PFe]2 (complex 1+2PFg)

A vyellow suspension of the dichloro-bridged diiridium complex [Ir(2Cl-ppz).Cl],*
(0.100 g, 0.1 mmol, 1.00 eq.) and bridging ligand (L) (0.029 g, 0.1 mmol, 1.00 eq.) in
MeOH (15 mL) and CH,ClI, (15 mL) was refluxed under an inert atmosphere of N in
the dark for 4 h. The orange solution was then cooled to room temperature and solid
ammonium hexafluorophosphate (0.055 g, 0.3 mmol, 3.00 eq.) was added to the
solution. The mixture was stirred for 45 min at room temperature and the suspension
was then filtered and the precipitate was washed with petroleum ether and dried. The
crude product was recrystallized from petroleum ether to yield complex 1+2PFg as an
orange solid (0.121 g, 67% yield). Complex 1<2PFg exists in solution as a pair of
diastereoisomers. There is a slight excess of one isomer over the other (ca. 1.23:1).
The major isomer is arbitrarily designated as a (cis-conformation); the minor as f3
(trans-conformation). Where separate signals are visible for the two isomers, they are
reported separately, but in each case integrals are quoted relative to the molecular
formula for that isomer (i.e. 1H represents one hydrogen for that isomer). *H NMR
(500 MHz, DMSO-dg, & [ppm]): 9.33 (s, 1H, H*®), 9.31 (s, 1H, H*), 9.30 (d, J = 5.0
Hz, 1H, H*®"), 9.29 (d, J = 6.0 Hz, 1H, HF*), 9.17 (d, 1H, J = 6.0 Hz, H®®*), 9.16 (d, J
= 5.0 Hz,1H, H®**), 8.51 (d, J = 9.0 Hz, 2H, H=***?), 8.35 (t, J = 8.0 Hz, 2H, H¥**P),
8.01 (d, J = 7.0 Hz, 2H, H?***P) 7.88 (d, J = 5.0 Hz, 1H, H®*"), 7.80-7.76 (m, 3H,
HEP*D5h) 17 58 (5, 1H, HA), 7.51 (s, 1H, H**), 7.35 (s, 1H, H*®*), 7.28 (s, 1H,
H %), 7.27 (s, 1H, H®®), 7.23 (s, 1H, H®*"), 7.04 (t, J = 6.0 Hz, 1H, H®*), 7.01 (t, J =
6.0 Hz, 1H, H®%), 6.98 (t, J = 6.0 Hz, 1H, H>*), 6.91 (t, J = 6.0 Hz, 1H, H>*), 6.71
(d, J = 5.0 Hz, 4H, H™**?), 5.89 (s, 1H, H*®), 5.79 (s, 1H, H**), 5.63 (t, J = 5.0 Hz,
2H, H®**P). 3C NMR (DMSO-ds, 125 MHz, §[ppm]): 109.9(C®***P), 110.1(CB®***?),
117.7(C* Py, 118.1(CMP),  123.0(CP*P),  125.1(C®**P),  125.9(C°®**P),
130.3(C%***P), 130.5(C**"), 130.6(C°*"), 130.8(C***), 130.9(CF**P), 131.0(C**P),
131.3(CP>*P),  131.9(CE**P),  134.0(C®***P),  134.2(CF***F),  136.5(C****P),
138.0(C%***P), 138.2(C™**P), 138.4(CF**), 138.6(C"*"), 140.8(CF**P), 141.2(C®*),
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141.3(C**), 141.5(C*), 141.7(C®%), 147.7(C%*), 147.8(C*%), 151.5(C"*%),
151.6(CP®), 155.6(C"%%), 155.7(C*?), 172.4(C*), 172.5(C*). MS: (MALDI-TOF)
[m/z]: 1805.89 (M-PFg) (calcd: 1805.91). Anal. Calcd. for CssH34ClgF121roN1oP5: C
37.85, H 1.89, N 9.29. Found C 37.84, H 1.91, N 9.28. Crystals for X-ray analysis

were obtained by slow evaporation of an acetonitrile-water solution of the complex.

Synthesis of [(2Cl-ppz)Ir-(L)-1r(2Cl-ppz).] [ClO4]2 (complex 1+2C10,)

The synthesis of complex 1+2C104 was similar to that of complex 1+2PFg except that
the counter anion PFs was replaced by CIO, . Complex 1+2C104 was obtained as a
yellow solid (0.131 g, 76% vyield). Complex 1+2C10O, exists in solution as a pair of
diastereoisomers with an isomeric ratio of ca. 2.58:1. The major isomer is arbitrarily
designated as o (cis-conformation); the minor as [ (trans-conformation). Where
separate signals are visible for the two isomers, they are reported separately, but in
each case integrals are quoted relative to the molecular formula for that isomer (i.e.
1H represents one hydrogen for that isomer). *H NMR (500 MHz, DMSO-dg, &
[ppm]): 9.33 (s, 1H, H®), 9.31 (s, 1H, H**), 9.30 (d, J = 5.0 Hz, 1H, HE), 9.29 (d, J =
6.0 Hz, 1H, HF*%), 9.17 (d, 1H, J = 6.0 Hz, H®*}), 9.16 (d, J = 5.0 Hz,1H, H®**), 8.51
(d, J = 9.0 Hz, 2H, HE**P), 8.35 (t, J = 8.0 Hz, 2H, HE***P), 8.01 (d, J = 7.0 Hz, 2H,
HP3*P), 7.88 (d, J = 5.0 Hz, 1H, H®*"), 7.80-7.76 (m, 3H, HZP*P>*P) 758 (s, 1H,
HA), 7.51 (s, 1H, H"), 7.35 (s, 1H, H*®"), 7.28 (s, 1H, H*), 7.27 (s, 1H, H*®),
7.23 (s, 1H, H®®"), 7.04 (t, J = 6.0 Hz, 1H, H®*), 7.01 (t, J = 6.0 Hz, 1H, H**), 6.98
(t, J = 6.0 Hz, 1H, H®*%), 6.91 (t, J = 6.0 Hz, 1H, H>*"), 6.71 (d, J = 5.0 Hz, 4H,
H™**P), 5.89 (s, 1H, H**), 5.79 (s, 1H, H**), 5.63 (t, J = 5.0 Hz, 2H, H®*F). °C
NMR (DMSO-ds, 125 MHz, §[ppm]): 109.9(C°***?), 110.1(C®***), 117.7(C***P),
118.1(CAPy, 123.0(CP*P),  125.1(C**P),  125.9(C°®*P),  130.3(C=>**P),
130.5(C*%), 130.6(C**"), 130.8(C***), 130.9(C®**P), 131.0(C**"), 131.3(CP>*F),
131.9(CE***P) 134.0(C®***P),  134.2(C®*P),  136.5(C**P),  138.0(C%**P),
138.2(C™**P), 138.4(C**), 138.6(C™"), 140.8(C****P), 141.2(C®*), 141.3(C**%),
141.5(CA),  141.7(C®%), 147.7(C°*), 147.8(C*?"), 151.5(C™"), 151.6(C"*),
155.6(C*?%), 155.7(C*?%), 172.4(C™), 172.5(C*). MS: (MALDI-TOF) [m/z]: 1717.87
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(M-PFG) (C&lCd: 171388) Anal. Calcd. for C54H34CI10Ir2N1208: C 3775, H 199, N
9.78. Found C 37.74, H 1.97, N 9.79.

[(2Cl-ppz),Ir-(L)-1r(2Cl-ppz)2] [CIO4]2 (complex 1+2C104: cis-conformation)

Complex 1<2C104 was recrystallized from hot dichloromethane. The solid which did
not dissolve was collected by filtration of the hot dichloromethane to yield 1¢2C104
(cis-conformation) (0.095 g, 72%). 'H NMR (500 MHz, DMSO-ds, & [ppm]):
9.30-9.29 (m, 2H, H*%), 9.16 (d, 1H, J = 6.0 Hz, H®3), 8.51 (d, J = 9.0 Hz, 1H, H®®),
8.36 (t, J = 8.0 Hz, 1H, H®%), 7.99 (d, J = 7.0 Hz, 1H, H®), 7.86 (d, J = 5.0 Hz, 1H,
H®%), 7.77 (d, 1H, H™), 7.50 (s, 1H, HA%), 7.42 (s, 1H, H*®), 7.32 (s, 1H, H®®), 7.04 (t,
J=5.0 Hz, 1H, H®), 6.90 (t, J = 5.0 Hz, 1H, H™*), 6.70 (d, J = 5.0 Hz, 2H, H™), 5.88
(s, 1H, H*%), 5.61 (t, J = 5.0 Hz, 1H, H®). Crystals for X-ray analysis were obtained
by the slow diffusion of ether vapor into a solution of the complex in acetonitrile

solution, with slow evaporation of the solvent mixture.

[(2Cl-ppz),Ir-(L)-1r(2Cl-ppz)2] [CIO4]2 (complex 1e2C104: trans-conformation)

Complex 1+2C104 was recrystallised from hot dichloromethane. The dichloromethane
filtrate was evaporated in vacuo to afford complex 1+2CIlO, (trans-conformation)
(0.036 g, 28%). *H NMR (500 MHz, DMSO-ds, & [ppm]): 9.31-9.29 (m, 2H, H*°),
9.25 (d, 1H, J = 6.0 Hz, H®®), 8.51 (d, J = 9.0 Hz, 1H, HF®), 8.34 (t, J = 8.0 Hz, 1H,
HE%), 8.01 (d, J = 7.0 Hz, 1H, H™3), 7.79-7.75 (m, 2H, H®>*P®), 7.58 (s, 1H, H"%), 7.39
(s, 1H, H®), 7.37 (s, 1H, H®), 7.01 (t, J = 5.0 Hz, 1H, H®%), 6.98 (t, J = 5.0 Hz, 1H,
HP%), 6.70 (d, J = 5.0 Hz, 2H, H™), 5.78 (s, 1H, H®*), 5.60 (t, J = 5.0 Hz, 1H, H®).
Crystals for X-ray analysis were obtained by the slow diffusion of ether vapour into a
solution of the complex in acetonitrile solution, with slow evaporation of the solvent

mixture.
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2. Photophysical properties
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Fig. S1 (a) UV-Vis absorption and emission spectra of complex 1+2PFg (1.0 x 10

M) in degassed CH3CN solution and solid state at room temperature; (b) Emission

spectra of complex 1<2PFg in CH3CN—H,O mixtures with different water fractions

(0-90%).

Table S1 Photophysical and electrochemical characteristics of complexes 1+2PFg,

Cis-122C104 and trans-1-2Cl1O,.

Absorption and emission at ro

om Emission Electrochemical K, Kir
temperature at 77 K Data’ x10%s?  x108s7
j. b
Aaps” (NM) (ne rr:]) Do’ (°[1s])  Jem” (NM) Eox (V) Ered (V)
249(0.581),
1<2PF 613 0.17(0.17 562 0.63 -1.49 1.00 4.88
6 3524,(0.167) 017)
251(0.874),
1-2CI10 602 0.26(0.24 558 0.65 -1.49 1.08 3.08
‘ 3664,(0.203) (024)
. 253(0.754),
-12CI10, 601 0.31(0.25 557 0.65 -1.49 1.24 2.76
ol 4 367,(0.188) (025)
253(0.762),
t -12CI10, 602 0.13(0.18 561 0.64 -1.50 0.72 4.83
rans 4 368,(0.192) (0.18)

aMeasured in CH,Cl, (1.0x10° M). "Measured in solid state (Aexc= 365 nm; error

for@, + 5% ). °In CH3CN glass. “The data are versus Fc*/Fc (Fc is ferrocene).
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Fig. S2 Interactions between two molecules of complex 1+2PFg in the crystal

structure. Anions are omitted for clarity.
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Fig. S3 PL quantum yields of complex 1¢2PFg (10 uM) in the presence of different
anions (1 - PFg (blank), 2 - ClO,~,3- 17,4 -S04, 5-SiOs*, 6 - Ac, 7 - HCO; ,
8- COs%,9-NO;3, 10 - NO,, 11 - Br, 12 - CI", 13 - ClO", 14 — HPO,*) (15
equiv.) in 10 mM HEPES buffer (pH = 7.4) (CH3CN/water, 1:4, v/v), excited at
365 nm.
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Fig. S4 (a) Phosphorescence spectra of complex 1+2PFg (10 uM) upon addition of
different amounts of CIO, anion (0, 20, 30, 60, 90, 120, 150, 180, 240 uM), in
HEPES buffer (CH3CN/water, 1:4, v/v), excited at 365 nm. A similar excess of
counterions has been used in previous work.> (b) The corresponding absorption

spectra.
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Fig. S5 Hill plot from the spectrophotometric titration (phosphorescence intensity

of 1«2PFg at 602 nm was used).
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Fig. S6 Plot of the emission intensity of complex 1+2CI1O,4 system in the presence
of different anions: complex 1+2PFg (10 uM) + CIO, (150 puM) + other anions
(150 pM), where other anions = (1 - I, 2 - SO,*", 3 - SiOs?, 4 - Ac, 5 - HCO3 ,6
-CO5*, 7-NOs ", 8 -HPO,%, 9 - Br, 10 - ClO™, 11 - Mix. (solutions of 1-, SO,*",
Si0s®, Ac’, HPO4?), 12 - Mix. (solutions of HCO;3~, COs*, NO;3, ClO), 13 -
Mixture (solutions of NO,, Br, CI") in HEPES buffer (10 mM, CH3CN:H,0,
1:4,vIv).

Fig. S7 Emission enhanced efficiency of complex 1+2PFs in HEPES buffer
(CH;CN/water, 1:4, viv).
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Phosphorescence Intensity (a.u.)
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Fig. S8 Phosphorescence spectra of complex 1¢2PFg (10 uM) in the presence of

different cations (Na*, Li*, Hg?*, Mn?*) (15 equiv.) in 10 mM HEPES buffer (pH =

7.4) (CH3CN/water, 1:4, viv).
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Fig. S9 The effect of pH on the emission intensity of complex 1¢2PFg (10 uM) in

CH3CN/water (1:4, v/v) system containing 15 equiv. ClO,4 .
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Fig. S10 Estimation of ClIO, (0-150 uM) with 1¢2PFg (10 uM) by means of
normalized phosphorescence intensity (Imin-1/Imin-lmax) at Amax = 603 nm in HEPES

buffer (CH3CN/water, 1:4, v/v).
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Fig. S11 Emission spectra of cis-1+2C10, and trans-1:2ClO4 (2 x 10° M) in

CH3CN-water mixtures with different water fractions (0-90% v/v).
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3. Dynamic light scattering (DLS) experiments
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Fig. S12 The count rate (from left to right): complex 1<2PFg (10 uM), complex
1<2PFg with 15 equiv. of NO3 ions, complex 1+2PFg with 15 equiv. of Br ions,
complex 1-2PF¢ with 15 equiv. of CIO4 ions, all in CH3;CN/H,0 (1:4, v/v) at 25 °C.
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Fig. S13 DLS profile of complex 1¢2PFs (10 uM) in CH3CN/H,0 (1:4, v/v) (a) before
and (b) after addition of ClIO, (15 equiv.).
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4. F NMR spectra and MALDI-TOF negative-ion mass spectrometry
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Fig. S14 F NMR spectrum of 1+2PFs (a) before PFs~ exchange by CIO, (internal

standard = 1-iodo-3-(trifluoromethyl)benzene); (b) after PFs anion exchange by

ClOs . MALDI-TOF MS spectrum of complex 1+2PFg (negative mode) with addition

of different anions, (15 equiv.) (c) ClOy4 ; (d) Br; () NOs .
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5.  Quantum chemical calculations

AIPE mechanism. The B3LYP functional®* was employed for these calculations.
The 6-31G* basis set was used for the H, C, N and CI| atoms. The Ir atom was
described by Los Alamos relativistic effective core potentials (ECPs) and double-&
basis set LANL2DZ.® Full geometry optimizations with C; symmetry constraints were
carried out in solution for the singlet ground state (Sp) and triplet excited state (T;) of
complex 1+2PFg. A solvent effect was taken into account by the polarizable continuum
model (PCM) with acetonitrile as solvent.® In addition, single point calculations were
performed using the crystal structure of complex 1+2PFg at the same level.

Anion-capturing ability. These geometry optimizations were performed using the
MO06 functional.” The LANL2DZ basis set was employed for the Ir atom with Los
Alamos relativistic ECPs,” while the 6-31G* basis set was used for the other
main-group elements. The solvent effect of toluene was evaluated by the
conductor-like polarizable continuum model (CPCM).%%9

Al the calculations were carried out with the Gaussian 09 program.*
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Fig. S15 Molecular orbital diagrams, HOMO and LUMO energies for complex

12PFg at its S optimized geometries in solution and in the solid state.
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Table S2 Selected calculated bond lengths (A), bond angles (°) and dihedral angles (°)
at both optimized Sy and T; geometries for complex 1<2PFg in acetonitrile solution.

The atom numbering is shown in Figure S22.

So Ty

Ir1-C32 2.024 2.022
Ir1-C23 2.028 2.031
Ir1-N5 2.042 2.041
Ir1-N7 2.046 2.046
Irl-N1 2.243 2.267
Ir1-N2 2.204 2.202
Ir2-C50 2.029 2.030
Ir2-C41 2.025 2.028
Ir2-N9 2.045 2.042
Ir2-N11 2.043 2.038
Ir2-N3 2.234 2.223
Ir2-N4 2.202 2.204
C32-1r1-C23 88.32 87.65
C32-1r1-N5 95.36 95.38
C23-Ir1-N1 100.51 102.04
N1-1r1-N5 90.95 91.70
C32-1r1-N2 96.25 95.63
N1-1r1-N2 75.24 75.13

C32-1r1-N1 170.00 168.95
N2-1r1-C23 174.27 174.53

N5-1r1-N7 172.64 172.70
C41-1r2-C50 88.29 86.82
C50-1r2-N11 79.06 79.14
C41-1r2-N3 171.87 168.91
N3-1r2-N11 87.06 88.20
C50-1r2-N4 173.69 176.81

N3-Ir2-N4 75.35 76.45

C50-1r2-N3 99.61 104.12
N4-1r2-C41 96.88 92.73
N9-1r2-N11 173.71 173.63
C7-N1-C1-C6 -48.33 -38.28
C13-N3-C4-C3 45.99 16.47
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Table S3 The reaction energy for anion-capturing (AE, in kcal mol™) calculated at the

MO06/[6-31G*/LANL2DZ(Ir)] and CPCM(acetonitrile)/M06/[6-31G*/LANL2DZ(Ir)]

levels.
. . AE
entry anion model reaction —
gas acetonitrile

1 Clo, trans(1«2PFg) + 2NaClO, — trans(1+2C10,4) + 2NaPFg -10.1 -8.6
2 ClO trans(1+2PFg) + 2NaClO — trans(1-2CIO) + 2NaPF; 5.6 12.3
3 Br trans(1+2PFg) + 2NaBr — trans(1+2Br) + 2NaPFg 0.3 8.9
4 Cl trans(1+2PFg) + 2NaCl — trans(1+2Cl) + 2NaPFg 3.8 13.3
5 Ac trans(1+2PFg) + 2NaAc — trans(1«2Ac) + 2NaPFg 25.1 18.2
6 NO; trans(1«2PFg) + 2NaNO;3; — trans(1+2NOs) + 2NaPFg 5.6 8.6
7 HCO; trans(1«2PF;) + 2NaHCO; — trans(1<2HCO3) + 2NaPFg 21.4 16.3
8 NO, trans(1<2PFg) + 2NaNO, — trans(1+2NO,) + 2NaPFg 19.7 18.4
9 CO& trans(1+2PFg) + Na,CO; — trans(1+CO3) + 2NaPFg 26.0 15.2
10 SO/ trans(1+2PFs) + Na,SO, — trans(1+SO,) + 2NaPFg 275 20.2
11 Si0g%  trans(1+2PFs) + Na,SiO; — trans(1+SiOs) + 2NaPFg 27.9 11.9
12 HPO,®  trans(1-2PFs) + Na,HPO, — trans(1-HPO,) + 2NaPFg 30.2 20.1
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'H NMR, *C NMR, 2D NMR spectra of complexes 1e2PFs and 1+2ClO; at
room temperatu re
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7. X-ray crystallographic data

The molecular structures of complexes 1+2PFg, 1+2ClO4 (cis-conformation) and
12Cl104 (trans-conformation) were confirmed by X-ray crystallographic analysis of
single crystals. Diffraction data were collected on a Bruker SMART Apex CCD
diffractometer using k(Mo-K) radiation (k = 0.71073 A). Cell refinement and data
reduction were made by the SAINT program. The structure was determined using the
SHELXTL/PC program. Fig. 4 shows Oak Ridge thermal ellipsoid plot (ORTEP)
drawings of complexes trans-1¢2PFs, cis-1.2C10, and trans-1¢2ClO4. The
crystallographic data have been deposited with the Cambridge Crystallographic Data
Centre with CCDC deposition numbers 1043904, 1043944 and 1043946. These data
can be obtained free of charge from The Cambridge Crystallographic Data Centre via

www.ccdc.cam.ac.uk/data request/cif.
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Fig. S22 The dication in the molecular structures of trans-1+2PFg in the crystal. The
H atoms, PFs anions and solvent molecules are omitted for clarity. This atom

numbering scheme is used in Table S2.


http://www.ccdc.cam.ac.uk/data_request/cif

Table S4 Crystal data and structure refinement for trans-1<2PFg, cis-12Cl10,4 and

trans-12Cl10;,.

trans-12PFg

Cis-12Cl10,

trans-1+2Cl10,

Empirical formula

Cs4H34ClgF121rN1,P

CeoHasCl1olraN140s 5

CesHs51Cl1olroN160s 5

Formula weight 1808.87 1837.0 1919.11
Temperature (K) 293(2) 296(2) 293(2)
Crystal system Triclinic Triclinic Triclinic
space group P-1 P-1 P-1
alA 15.504(3) 11.066(11) 16.263(3)
b /A 16.732(3) 18.040(19) 16.337(3)
c/A 17.196(3) 18.105(18) 17.180(3)
a/° 82.46(3) 78.90(2) 99.21(3)
B/ 65.65(3) 80.22(2) 117.64(3)
v /° 68.98(3) 75.74(2) 103.45(3)
VIA® 3792.6(13) 3409.2(6) 3737.7(13)
VA 2 2 2
Pealc (g/cm’) 1.584 1.789 1.705
(w/mm™ 3.899 4.356 3.978
Rint 0.0548 0.0690 0.0459
Goodness-of-fit on
0.901 1.011 1.026

=

Ry®, WR, [1>26(1)]

0.0727, 0.1928

0.0650, 0.1562

0.0596, 0.1511

Rl, WR2 (a” data)

0.1281, 0.2199

0.1294, 0.1925

0.0955, 0.1761

3Ry = 3||Fo| - | Fe|l/Z|Fol. ® WR; = { [ w( Fo? - Fc?)?]/ S[w(Fo?)*]}Y?
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