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1. Equations used for Z-Scan measurements

The normalized open aperture Z-scan transmittance was measured in order to experimentally
determine the second order NLO parameter. This normalized transmittance can be calculated

by Equation (S1) '

1
Aqo(Zs)

Tn(z) = 5= 0 Inl1 + go(z) f(D]de (S1)
Where f(1) is a function of time detailing the temporal profile of the Gaussian pulses in the
form of f(t) = e . 4 is the normalization constant equal to f::o f (t)dr, whilst the go(zs)
parameter characterizes the strength of the nonlinearity. In the event of a circular Gaussian

beam, it is represented by Equation (S2) *:

2BPyLetf (Sz)

w2 ()

qO(Zs) =
Where £ is the nonlinear absorption coefficient of the material, Py is the peak power of the

pulses and L.y is the effective propagation length in the material, given by the following

Equation (S3):
1— e—(al)
Lepp = —— (S3)

Where L is the sample length and « is the linear absorption coefficient which is calculated by

Equation (S4):

a="p (S4)
Where h is Planck’s constant, v is the frequency of the laser excitation and N corresponds to
the number of active species per unit volume. The w(zs) parameter (Equation (S2)) is the beam
width at the sample plane defined as the distance from the beam centre to the point where the

intensity reduces to 1/e* of its axis value. The w(zs) parameter is defined by Equation (S5)



wizg) = wo |(22)’ ($5)

ZR
Where wo is the beam width at the focal point and zo is the location of the beam focus. The zr
parameter is the Rayleigh length and is given by the relation in Equation (S6):

_mw§
ZR — 7

(36)

Where A is the wavelength. Equations (S1-S6) are adequate for determining the nonlinear
absorption coefficient (f) from the experimentally measured transmittance. G. Tsigaridas et. al
derived an analytical formula Equation (S7) that provides values for go(zs) directly from the
normalized transmittance Tn(zs) .

_ {ao + a;T,(z5) + a,T2(z) + asT3(z,) forT,(z;) < 0.75
D= Ve + [Ty (2)]? forTy(z,) = 0.75

(87)
Where the coefficients ao, a1, a2, a3, co, c1, c2 for Gaussian pulses are reported as 15.66, -37.45,
30.76, -8.97, -2.301, 2.156, -1.563 respectively !. Their work demonstrates that this technique
allows for the simple determination of 5, and is robust in the presence of signal noise '.
Absorption coefficient (f) value and the beam parameters zo and zs can be determine from the

qo(zs) values obtained from Equation (S7). Substituting Equation (S5) into Equation (S2), go(zs)

is then defined by Equation (S8):

_ Qo
qO (ZS) - 1+ (ZS+ZO)2 /Z}% (Sg)
Where:
_ 2BPgLeff _ 2BPoLeft
Qo = Twg A(ZR) (59)

Equation (S7) describes a Gaussian plot with Qo as the maximum value at the beam waist (zs =
z0). The full width at half maximum (FWHM) of the go(zs) is equal to 2zr. The peak value and
the FWHM of the plot provides the values for Qo and zr. Equation (S10) can be used to

calculate the nonlinear absorption coefficient (5).
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2. Input file for the four positional isomers and optimised Cartesian coordinates of the

structures.

All calculations were done on Gaussian 09, Revision D.01. Geometric optimizations were done
using the Becke, three-parameter, Lee-Yang-Parr (B3LYP) functional at the 6-31G basis set.
These Optimised structures were used to calculate the electronic absorption properties using
the TD-DFT method. These calculations were done on the Coulomb-attenuated B3LYP
functional and were also done with the 6-31G basis set. The Cartesian coordinates for each

optimised structure follows.
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-3.63280300
-4.14680700
-5.52130300
-6.37156400
-5.84403800
-4.46543300
-2.17277800
-2.98191400
-7.44733300
-4.08054800
-1.82248200
-1.36513100
-3.11506800
-2.09959000
-2.20067500
-0.88745800
-3.31993600
0.02878100
-0.67090400
-3.08742400
-4.32071400
-1.77521900
-1.66419600
-0.75313400
-0.37866400
-0.04974800
0.86644200
2.17967800

-2.16700900
-0.86277700
-0.64083300
-1.74550400
-3.04958000
-3.27928600
-2.01351500
0.02264100
-1.60986100
-4.29104100
-0.69601100
-3.07395700
1.35058600
2.18953300
3.63797800
4.15685800
4.46818400
3.03834500
5.53811400
5.84132800
4.05454600
6.37077000
7.44898000
1.90280200
0.96280900
-2.99148300
-4.11007500
-3.59128200

-0.41138300
-0.32497200
-0.27427800
-0.30950600
-0.38588500
-0.43991100
-0.44933600
-0.31450500
-0.28395600
-0.50503900
-0.39051900
-0.53159500
-0.23851200
-0.22948100
-0.14945900

-0.17074900

-0.05963400

-0.26357200

-0.10285900

0.00139300

-0.03557700
-0.01904600

0.03427500

-0.29373600
-0.35585000
-0.57359700
-0.66564300
-0.68713300
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0.64971600
2.07859700
3.29886700
1.75391400
3.06617000
4.29966100
0.73214100
0.35772400
1.34406600
3.09384500
2.96046300
4.12505400
3.61134400
5.49890000
2.15169100
4.44461500
6.34883900
5.82239800
7.42345500
1.80137100
4.06021100
-0.35810400
-5.92051700
0.33684700
5.89675600
-5.40737700
-6.31644600
-5.84477100
-7.67167900
-5.96126300
-7.19732100
-5.13143600
-8.14549300
-8.35802500
-7.51741800
-4.08130800
-7.88089400
-8.07976800
-8.93086500
-9.33619900
-7.26134600
-10.17271700
-8.75882700
-10.41234400
-9.45964500
-10.97306200
-6.64751100

-5.49129600
-2.14278500
-4.42158300
-6.32402800
-5.79467000
-4.00802400
-1.85601600
-0.91595500
3.12095400
-1.30360700
0.02445300
0.91026600
2.21455500
0.68837300
2.06065500
3.32664400
1.79339400
3.09662000
1.66000400
0.74288600
4.33838100
-5.89346100
0.36724300
5.94043000
-0.31882600
6.43817900
6.55875000
6.07053200
6.30788200
6.85403700
5.81729600
5.98960800
5.92832700
6.41245600
5.53299400
6.78094000
-4.22050500
-3.81262200
-4.79673800
-3.97331500
-3.37701300
-4.95623000
-5.11674000
-4.54653300
-3.64645200
-5.40835500
-4.16491900

-0.73391900
-0.60808100
-0.77740600
-0.81803600
-0.83868200
-0.80216500
-0.54320000
-0.48177900
-0.30778700
-0.60202800
-0.52818500
-0.52814900
-0.44172000
-0.59636700
-0.39261600
-0.41136200
-0.57421000
-0.47699900
-0.63689700
-0.44622400
-0.34306900
-0.71866700
-0.21809700
-0.11865200
-0.67378000
-0.11033300
0.93392100
-1.38418400
0.70300300
1.91634100
-1.59319200
-2.19870400
-0.55981300
1.53565800
-2.59150600
0.12414200
0.13228500
1.45031900
-0.58358700
2.03892800
2.01471900
0.02413900
-1.60658500
1.34736900
3.06546400
-0.55494700
-0.49252700

7.88630100 4.21056700 0.04675600

8.14013100
8.90932500

3.68410200
4.84054300

1.31229100
-0.66264400
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9.42348500
7.34317800
10.17956500
8.69502300
10.47402600
9.58917300
10.95810100
6.62458000
-11.80689900
-12.18048300
-13.17660500
-12.19678400
-11.46284300
-12.85051300
-13.85273900
-12.61698900
-12.88680400
-11.86850100
-11.16834900
-11.64693300
-12.87611800
-9.63047200
-9.78557900
-10.83859700
-9.21475600
-9.43737700
-10.14515100
-11.20281600
-10.05099600
-9.58991100
-10.51060200
-10.21452500
-10.47212400
-11.55481700
11.89741100
12.28814300
13.30431100
12.26387700
11.60398600
12.89315900
13.91555300
12.64882600
12.88406800
12.01807500
11.35727800
11.78266700
13.04557000
4.05984600
5.38642800

3.78212600
3.20493300
4.93488000
5.25211300
4.40640600
3.36399500
5.42999600
4.21755700
-4.73565900
-6.23707600
-6.38691400
-6.64559800
-6.82420300
-3.94227800
-4.07197900
-2.87139200
-4.27572100
-4.24028900
-4.78284400
-3.16965100
-4.39775400
5.64013900
4.18515600
3.96670500
4.00666800
3.47018400
6.61506300
6.42091200
7.65547900
6.51167400
5.81059000
5.12618400
6.83408700
5.59271900
4.52752000
6.02113300
6.12371100
6.51852200
6.55926100
3.80296900
3.88873400
2.73769500
4.22647000
3.90263600
4.39339700
2.83222900
4.01103700

-6.73446700
-6.39076700

1.85438600
1.87209700
-0.10141400
-1.64408900
1.16765600
2.84111400
-0.67522600
-0.52171200
1.97093300
1.95830400
2.39261500
0.94232700
2.54255300
1.14881600
1.57559900
1.14884900
0.10632700
3.42848100
4.07397600
3.50651500
3.82920200
-0.84603200
-1.34919900
-1.56463600
-2.26664100
-0.59502000
-1.93182500
-2.14795600
-1.60058100
-2.86995600
0.40674800
1.20996000
0.79685500
0.15621700
1.74133000
1.84556900
2.24581100
0.87026800
2.51149100
0.80452100
1.19277200
0.72180500
-0.20537200
3.14417900
3.86787400
3.13585500
3.50915400
-0.96160600
-0.73139500

5.82797500 -6.02712700 0.54214900
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6.29177200
7.18098900
5.11739000
7.64753100
5.93339100
8.12548700
7.50450100
8.33094100
9.61122200
9.76682000
9.41530400
9.19906400
10.82043400
10.13044600
10.03573000
11.18879000
9.57854400
10.48719400
10.44810900
10.18796300
11.53211800
1.64280300

-4.10672300
-3.53057300
-4.32967300
-5.71332900
-6.27904400
-5.48364000
-2.97975000
-2.08398500
-6.36736600
-5.93948800
-1.79183100
-3.17705500
-1.22582200
0.08424800
1.05234300
2.34017900
0.90178500
2.17121800
3.49799300
2.04466800
-0.08592300
3.33102100
0.81264400
0.39447600
-2.20215300
-2.37118800

-6.50630500
-5.77308500
-5.95014700
-6.25462300
-6.79835600
-5.87928600
-5.49215000
-6.35516000
-5.59072200
-4.13718900
-3.42013400
-3.96225500
-3.91849500
-6.56857700
-7.60803600
-6.37443800
-6.46838200
-5.75650700
-6.77877500
-5.06976300
-5.53870000
-7.40220100

1.05386200
2.32991000
3.47028700
3.31148900
2.02723300
0.87830700
0.11317000
2.11032100
4.17546200
-0.10170600
0.77720800
-1.20514700
3.12989100
2.98562900
4.05952500
3.48009900
5.44869200
2.03911600
4.25581000
6.22795100
5.89825200
5.63789300
1.81540600
0.89448800
-2.09090200
-3.53197100

-1.77944400
0.74719400
1.35946000

-1.55255200

-2.76166200

-0.29003800
1.74537200

-2.38809000

-0.00809600
0.49908600

-0.25154900
1.41915100

0.71141800
1.07288300
0.73883000
1.28571400
2.01334600
-1.26442000
-1.65766600
-2.06443800
-1.01678800
-0.87192800

-0.38637600
-0.49572600
-0.54678700
-0.48145000
-0.35654600
-0.31081200
-0.36735700
-0.53422300
-0.53003800
-0.22188400
-0.45633100
-0.27490400
-0.62982800
-0.66521300
-0.76247000
-0.76911300
-0.84428600
-0.67641600
-0.85665700
-0.92560000
-0.84070600
-0.93015500
-0.61855900
-0.54971900
-0.25592300
-0.16482400
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-1.08353200
-3.52890900
-0.11547100
-0.93308500
-3.36209300
-2.07593600
0.05447500
-0.84369800
-0.42548500
3.14633200
1.19451900
2.05275500
3.49933000
4.07598400
4.29775400
2.94897500
5.45377200
5.68161200
6.24880100
6.33472200
1.76079800
5.91026500
-4.50899500
-3.88676200
4.47820800
3.85356200
-8.49925200
-8.22186400
-9.72740400
-9.17321700
-7.27420100
-10.66554600
-9.93291900
-10.41501000
-8.92649100
-11.61376300
-7.64326100
8.50903900
8.34849100
9.66041500
9.33974800
7.45996600
10.64035000
9.77445500
10.50756000
9.18588400
11.52662000
7.60830000
-11.48156600
-12.76963400

-4.11172900
-4.30753200
-3.03787700
-5.50107000
-5.68980000
-6.28018400
-5.95090000
-1.86745200
-0.94658700
1.15363400
-3.18225500
-2.16251500
-2.38211200
-1.10561800
-3.52328200
-0.16482900
-0.92874300
-3.36432800
-2.07799400
-4.23014300
-0.82910700
0.05198100
-3.84649600
4.45673800
3.79495500
-4.51154300
2.71526500
3.30523700
2.94821900
4.13693600
3.11653000
3.77203000
2.47618100
4.39329300
4.58137600
3.93389800
1.82331800
-2.70136300
-3.08405600
-3.07166900
-3.84653000
-2.78747500
-3.82422200
-2.76150400
-4.23583200
-4.12878300
-4.09936600
-1.88429000
5.30101500
4.48237600

-0.17649300
-0.07518400
-0.27475200
-0.09763000
-0.00469600
-0.01418900
-0.10552600
-0.31778800
-0.38710800
-0.65287500
-0.31231100
-0.40538200
-0.44214000
-0.54361100
-0.40001600
-0.56292700
-0.59694000
-0.45911800
-0.55103600
-0.43967300
-0.47884100
-0.67391300
-0.05949100
-0.64373900
-0.86904700
-0.33161400
0.26473500
1.49693600
-0.35602500
2.09206000
1.99097500
0.25864700
-1.31182000
1.49481100
3.04994100
-0.24665500
-0.35592000
-0.02146100
1.30933600
-0.71738800
1.93120500
1.85759800
-0.07674800
-1.75148400
1.26088500
2.96673900
-0.64170000
-0.68165800
2.13375100
2.38849800
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-13.54321500
-13.17846200
-12.57435800
-11.80222700
-12.56515400
-10.90780400
-12.18239000
-11.01595200
-10.80170200
-10.11770700
-11.80410200
11.61658600
12.94396400
13.74765700
13.25711800
12.84539000
11.80177900
12.59444200
10.87824600
12.07905700
11.28892500
11.17517400
10.36998700
12.10352400
-5.70596400
-6.63617000
-6.10662300
-7.97557900
-6.30984200
-7.44349400
-5.37767900
-8.41234700
-8.67886400
-7.73463200
-9.87854000
-10.41655600
-11.46096700
-9.84163700
-10.37338900
-10.78600300
-10.47441300
-11.81526600
-10.79845400
-9.96180700
-9.59685900
-9.36734900
-11.00045300
-4.39955900
-2.01605100
4.36848600

5.11599900
4.06709700
3.64668400
6.47475800
7.12882700
7.07800200
6.12295800
5.89264400
5.11167800
6.51000400
6.53094000
-5.07324700
-4.27836100
-4.86439400
-4.03146800
-3.33860900
-6.39580600
-7.00168000
-6.98592200
-6.21676600
-5.42382600
-4.52682200
-6.01551800
-6.01869500
-6.18038800
-6.26875800
-5.78668300
-5.95909500
-6.58451000
-5.47404700
-5.73062300
-5.55124200
-6.03950800
-5.16854500
-5.19686300
-6.14155200
-5.90004700
-6.05617000
-7.18732400
-5.33742300
-4.67168900
-5.07233200
-6.36431900
-3.73325600
-3.03812900
-3.57442100
-3.46845700
-6.58041500
-7.36206600
6.52874100

2.83966100
1.46131000
3.07018900
1.17817300
1.61804500
0.98517100
0.21338700
3.47782600
4.21627000
3.36215200
3.89283100
1.92379300
1.90504100
2.36753300
0.88511900
2.46028200
1.14240200
1.59839800
1.14588400
0.09821900
3.38772900
4.00717600
3.47027000
3.81600100
-0.13727300
0.89137400
-1.41541300
0.64052800
1.87743400
-1.64391700
-2.21810500
-0.62673400
1.46155400
-2.64482300
-0.93469100
-2.03590700
-2.26816700
-2.96393900
-1.71087000
0.30220200
1.11515100
0.03573200
0.68506500
-1.42990600
-0.66537500
-2.33578400
-1.66251600
0.11795100
0.04653700
-1.05103500
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5.67480500
6.60440800
6.07596900
7.94372100
6.27771100
7.41274700
5.34741000
8.38100100
8.64650800
7.70437500
9.84708200
10.75393400
10.76714100
11.78308500
10.44120200
9.92933500
9.33542300
9.56308000
10.96780500
10.38659200
11.43092200
10.34414400
9.81217700
1.98468200

5.67314700
5.50073600
6.56463800
7.91477900
8.04971100
6.96056200
4.34886500
4.04320400
7.06775700
3.38906400
4.13932600
3.52698700
2.23725400
1.62583600
0.22800400
2.17704300
-0.03236500
-0.65172800
1.31333400
3.25170600
-0.08732200
1.19927500
1.32652100

6.12843400
6.21314400
5.73801500
5.90311500
6.52630600
5.42495600
5.68492200
5.49852000
5.98061200
5.12206100
5.14365800
5.28043500
6.30640500
5.01495200
4.61310100
3.68121000
3.52525800
2.98450600
3.41575600
6.09058000
5.84869800
7.13559600
6.00794200
7.30968500

-0.11555500
-1.52388600
-2.38364600
-1.82345500
-0.36488200
0.46597300
0.43910200
-1.73902300
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Figure S1. MALDI-TOF spectra of tBuH2Pc positional isomers.

The phthalocyanine structure is highly conjugated and as a result Pc molecules are susceptible
to aggregation in highly concentrated solutions. The aggregations causes broadening and
overlap of proton NMR peaks making peak assignment difficult. In this work MALD-TOF
(and other characterisation techniques) was used to verify the structure and purity of the

isomers. The results obtained correlated with previously reported data for a pure tBuHzPc
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compound (i.e. a mixture of the four isomers).
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Figure S2. Z-scan (left) and NLO fit (right) for isomers Dan, Cs and Coy.
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