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Materials and Experimental Methods

All manipulations were carried out under an atmosphere of purified nitrogen using standard
Schlenk techniques or in a Vacuum Atmosphere sisglBon drybox equipped with 25 °C
refrigerator. Solvents were purchased from commercial sources, distilled from conventional drying
agents, and degassed by the frgaasmpthaw method twice prior to use. The glassware was-oven
dried at 150C overnight. NMR spectra were recorded at@®n a JEOL Eclipse 500 and JEOL
Eclipse 300 spectrometeiH, 500.16 MHz and 300.53 MHZC, 125.78 MHz, and 75.57 MHz;

197, 470.62 MHz, and 282.78 MHz), unless otherwise nd?eoton and carbon chemical shifts

are reported in parts per million versus48ie'®F NMR chemical shifts were referenced relative

to external CFGl Infrared spectra were recorded on a JASCAREA10 spectrometer. Melting
points were obtained on a M&emp Il apparatus and were not corrected. Elemental analyses were
performed at the University of Texas at Arlington using a Pdgkmer Model 2400 CN
analyzer. [3,5-(i-Pr)y,4-(Br)Pz]H and [3-(CFs),5-(Bu)Pz]H were prepared using published

methodg! 2

Synthesis of {[3,5(i-Pr)2,4-(Br)Pz]Cu}4 (2)

[Cu(CH:CN)4]BF4 (0.25 g, 0.80 mmol) was dissolved in dry acetone (15.0 mL) under nitrogen in

a Schlenk tube. To this, [3(6-Pr),4-(Br)Pz]JH! (0.20 g, 0.87 mmol) in dry acetone (5.0 mL) was
added while stirring. Then, dry triethylamine (0.3 mL) was added to the clear noxerra period

of 1 min. The product precipitated as a while solid. The resulting mixture was stirred for 4 h. The
product was recovered by vacuum filtration, and then washed with acetone (5 mL) and hexane (5
mL). The Xray quality crystals were obtaineaifn hexane/toluene a25 °C. Yield: 85%. M.p.:
200202 °C *H NMR (CDCk) :  U(d, @H, *340= 6.9Hz, i-Pr-H), 1.35 (d 6H, 3Ju+ = 6.9 Hz,

i-Pr-H), 1.44 (d, 4.5H3Jun =7.2Hz,i-Pr-H), 3.07 (sept, 2HJun = 6.9Hz, CH), 3.28 (sept,
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0.6 H,3%n = 7.2 Hz, CH ). These!H NMR peak ratios change at different concentrations
indicating the presence of two species in equilibrium that interchange depending on the
concentration*C{*H} NMR (CDClIs): Ui 21.9 (s,i-Pr-C), 22.6 (sj-Pr-C), 27.2 (sj-Pr-C), 28.8
(s,i-Pr-C), 90.2 (s,C-4), 156.1 (s,C-3/C-5). Anal. Calc. for GeHseNsgBraCus: C, 36.81; H, 4.81;

N, 9.54. Found: C, 36.78; H,4.60; N, 9.51.

Synthesis of {[3(CF3),5-(But)Pz]Cu}4 (3)

CwO (0.4 g, 3.0 mmol) and {&CFs),5-(Bu)Pz]H?! (0.5 g, 2.6 mmol) were mixed in toluene (20.0
mL) and acetonitrile (3.0 mL). The mixture was refluxed for 12 h. After coolmegsolution was
filtered through a bed of Celite to remove insoluble materials. The filtrate was collected and solvent
was removed under reduced pressure to obtaifGR),5-(Bu')Pz]Cul as a white solid. »ay
quality crystals were obtained from toluene-28 °C. Yield: 90%. M.p.: 24248 °C.'H NMR
(CDClk) :  U-1.40%several singlets, 9H, Bd), 1.46 (s, 5H, BtH), 6.326.39 (several
singlets, 1H,PzH), 6.46 (s, 0.5HPzH); 1% NMR (GsDe) : -59i43 (br sCFs), -60.3(s, CFs),
-60.3 t0-61.0 (severahdditional smalpeaks, CE) ; *C{*H} NMR (CeDs¢): i 30.9(Bu'-C), 30.9
(Bu'-C), 31.0-31.3(severahdditionalpeaks for B&4C), 31.5 (B+-C), 31.6 (Bi+C), 101.5 (br sC-

4), 122.0 (qlJcr = 2691 Hz, CFs), 122.2 (qlJcr = 268.7Hz, CFs), 142.7 (br g2Jcr= 36.0 Hz,
C-3),142.9(br q,2Jc.F= 36.8Hz, C-3),161.8(C-5), 164.7 C-5). Anal. Calc. for GzHaoNsF12Cus:

C, 37.72; H, 3.96; N, 11.00. Found: C, 37.A03.90; N, 11.02.

X-ray Crystallographic Determination

A suitable crystal of the copper complex covered with a layer of hydrocarbon oil was selected and
mounted with paratond oil in a crycloop, and immediately placed in the ldeamperature

nitrogen steam. The Xay intensity data of {[3,%Pr)24-(Br)Pz]JCu}s and {[3-(CF),5
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(Bu)Pz]Cu}s were measured at 100(2) K on a Bruker SMART APEX CCD area detector system
equipped with an Oxford Cryosystems 700 Series cooler, a graphite monochromator, and a Mo
Ka fine-focus sealed tubé (= 0.710 73 A). The Xay data of {[3,5(Pr)2,4-(Br)Pz]Cu}s were
also collected at 276(2) K using the same cry.
warming. The detector was placed at a distance of 5.995 cniligrystal. The data frames
were integrated with the Bruker SAINHlus software package. Data were corrected for
absorption effects using the meditan technique (SADABS). Crystals of {{(BF),5
(Bu)Pz]Cu}s were twinned, and the twin components weatentified using the Cell_Now
program. There were two major twin domains with unit cells related to each other by a rotation of
180° around the-axis. Data were corrected for absorption effects using TWINAB&e Ck
moieties and one of thteBu groupsof {[3-(CFs),5-(Bu')Pz]Cu}s show rotational disorder. These
disorders were modeled successfully. All the -hgdrogen atoms were refined anisotropically.
Two isopropyl groups of {[3,8Pr)2,4-(Br)Pz]Cu}s show positional disorder, which was also
modeledsatisfactorily. All the hydrogen atoms df3,5-(Pr)z2,4-(Br)Pz]Cu}s and {[3-(CF),5
(Bu)Pz]Cu}s were placed at calculated positions and refined using a riding m&delctures

were solved using Bruker SHELXTL software package, rafided by the ledssquares method
using SHELXIE 4within Olex2® GUI. CCDC1936960193696Xiles contain the supplementary
crystallographic  data. These data can be opbthi free of charge via

http://www.ccdc.cam.ac.uk/conts/retrieving.htorl from the Cambridge Crystallographic Data

Centre (CCDC), 12 Union Road, Cambridge, CB2 1EZ, Bijures S1 and S2 shdhe packing
diagrams o{[3,5-(Pr)2,4-(Br)Pz]Cu}s and {[3-(CFs),5-(Bu)Pz]Culs, indicating that both species
exist as discrete units with no significant intermolecular interactidmgher details are given in

the CIF.


http://www.ccdc.cam.ac.uk/conts/retrieving.html

Figure S1.Packing diagram dff3,5-(Pr)2,4-(Br)Pz]Cu}s crystals.



Figure S2.Packing diagram dff3 -(CFs),5-(Bu')Pz]Cu}s crystals.



Photoluminescence Measurements

The luminescence measurements were carried out for sublimed crystalline powdersstateady
luminescence spectra were acquired with a PTI QuantaMaster Mode# @banning
spectrofluorometer. The excitation and emission spectra were corrected for tHengtwe
dependent lamp intensity and detector response, respectively. Lifetime data were acquired using
fluorescence and phosphorescencestdtem adéebns to the PTI instrument. For the lifetimes of

all complexes, the 337.1 nm line of the Iblser was usetb pump a freshly prepared solutions of
organic continuum laser dyes (1x401) Coumarin540A, or (5x1¢ M) Rhodamine 590 in
ethanol, the outputs of which were tuned and frequency doubled to attain the 275 or 290 nm
excitations used to generate the life¢ and timedependendata. All samples were initially
measured at 77 K using a Suprasil quartz cold finger Dewar filled with liquid nitrogen, and samples
were held in Suprasil quartz sample tubes, all made here at the UNT Chemistry Department Glass
shop.Temperature dependent measurements were carried out in an Oxford cryostat Optistat CF
with liquid helium as the coolant, a nemissive Cu based grease was used to ensure thermal
conduction to the sample. Frozen solutions were made using dry degassedsstie solution

was held in a 1mm path length cuvette and mounted in on the sample holder using Cu grease to
hold it in place. The sample was placed in the light beam4f%angle to the detector and the
emission was recorded from the back of thegamwhich minimized scattered light from the faces

of the cuvette and sample. Absorption spectra were acquired with a-Eérlen Lambda 900
doublebeam UV/VIS/NIR spectrophotometer for solutions of crystalline samples prepared in
freshly distilled and dgassed THF using matching 1cm quartz cuvettes (Wilmad). Solid samples
were measured by crushing the powder between two quartz slides with a 0.1 mm path (Wilmad)
and using the Lab Sphere diffuse reflectance accessory to the Lambda 900, either in tramsmissio
or reflection modes. For transmission mode measurements a focusing lens was placed in front of

the sample and the beam focused to a fine point illuminating an area with a small sample density.

S7



—d4K,2__=290nm
=10K, %__ =290 nm
m— 25K, 1, =290 nm
50K, 2, =290 nm
m— 75K, 1, =290 nm
— 150K, »__ =290 nm
—225K, 2__ =306 nm
—250K, 2__ = 306 nm
— 273K, =306 nm
=—298K, __ =306 nm

, Arb. Units

ity

4.0x10° 1 ——4K, 2 =565nm
e K Ao F 465 nm
— 0K, E,Emi = 565 nm

Intens

250 300 350 400 450 500 550 600 650 700
Wavelength, nm

Figure S3. Solid-state excitation and emission spectra {i&;5-(Pr)2,4-(Br)Pz]Cu}s solid at

various tempratures
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Figure S4. Emission spectrum for frozen solutions{f§,5-(Pr)2,4-(Br)Pz]Cu}sin toluene from
77 K to liquid solution, demonstrating the rigidochromism associated with these complexes.
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Figure S5. Electronic absorbance spectra of dilute THF solution of {{852,4-(Br)Pz]Culs at
298K.
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Figure S6. Solid-state excitation and emission spectra fig-(CFs),5-(Bu)Pz]Culs solid at
various tempeatures.
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Figure S7. Emission spectrurfor frozen solutions of {[3CFs),5(Bu")Pz]Cu}s in toluene from

77 K to liquid solution, demonstrating the rigidochromism associated with these complexes.
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Figure S8. Electronic absorbance spectra of dilute THF solution of({8s),5-(Bu)Pz]Cu}s at
298K.

Figure S9. Fit of lifetime! vs.temperaturé to give k and & for {[3,5-(Pr)2,4-(Br)Pz]Cu}a.
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